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Abstract—Autonomous exploration and rescue vehicles have
been gaining wide interest over the past few years. Nowadays,
demonstrations showed that those vehicles can fly, dive, surf, or
drive while carrying out missions autonomously in some specific
scenarios. Monitoring vehicles during missions is a crucial and
challenging task to avoid the unnecessary cost of losing vehicles or
potential accidents. In this paper, we present a cheap yet effec-
tive way for monitoring and communicating with autonomous
vehicles over long distances by using off-the-shelf 900 MHz
modems namely RFD900+ and high gain antennas. Although
the 900 MHz band has been around for over two decades,
no complete analysis exists providing guidelines to use off the
shelf modems for point-to-point and multi-point communications.
Our main contribution is to provide experimental analysis of
the communication capabilities in point-to-point and multi-point
scenarios in both line of sight (LOS) and non line of sight (N-
LOS) using an affordable setup ($70 per modem). Experiments
were carried out using autonomous surface vehicles (ASVs) as
remote nodes and computers as Ground Control Stations (GCSs).

I. INTRODUCTION

The rapid advancement in sensor modalities enables fleets of
robots to carryout their missions autonomously and efficiently
by maintaining reliable communication links between them
and base-stations [1]. Robots nowadays are more sophisti-
cated in terms of exploration capability (drive, fly, and dive
autonomously) based on sensory data. However, monitoring
exploring robots during a mission is still crucial to minimize
potential loss (financially or injury in case of accidents).
Hence, it is essential to provide low latency, reliable, and
robust communication channels to ensure continuous and
effective monitoring of autonomous robots during missions.
The desirable range along with the number of nodes are the
key factors that define the frequency band (VHF, UHF, SHF,
etc.) to be used in the radio spectrum for communications.
Several other factors contribute to degrading the quality of
communications, such as, but not limited to, environmental
noise and weather outdoors, and walls, obstacles, and spectrum
overlap indoors.

Various technologies are widely used nowadays and have
proven their effectiveness in communications. Some examples
of these types of communications that can be seen in our daily
lives are, Wi-Fi, Wimax, Zigbee, Bluetooth, etc. Although

Fig. 1. Jetyaks equipped with RFD900+ modems.

most of these wireless technologies allow bi-directional com-
munications, they differ in several technical aspects such as
communication range, bandwidth, data rate, latency, and are
prone to noise. Additionally, an important aspect to consider
is the cost factor. Therefore, driven by these observations,
our work was done in an effort to use cheap off-the-shelf
900MHz modems to test their capabilities for long range
communications among a fleet of autonomous vehicles. It is
worth mentioning that there exists 900 MHz industrial solution
for long distance communication, e.g., AWK-3191 Series1.
The aforementioned series can cover up to 30 km in line of
sight (LOS) at 6Mbps for point-to-point connection and 5 km
in LOS for point-to-multi-point at the same rate. The cost for
such a device ranges between $1999 - $2199.

This paper presents a performance evaluation that can be
used as a guide to understand the capability and reliability
of long range communications. Such a study can then be
used to establish a better network for a team consisting
of multiple robots in marine environments, where network
infrastructure might not be available and long range distance
communication is necessary. We focus on communicating in
the ISM Band (900MHz) when experimenting indoors and
outdoors, because of the low-cost/weight of the hardware, and
the potential to cover longer ranges with better penetration
through obstacles than higher frequencies. In particular, we use
cheap, off-the-shelf Radio Frequency (RF) modems – Open
Source RFD900+2 (widely used for peer-to-peer telemetry
communications). Several indoor and outdoor experiments

1https://www.moxa.com/doc/brochures/Brochure-AWK-3191.pdf/
2http://store.rfdesign.com.au/rfd-900p-modem/
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