
An Integrated MAV-RFID System for
Geo-referenced Monitoring of Harsh Environments

M. Longhi∗, A. Millane†, Z. Taylor†, J. Nieto†, R. Siegwart† and G. Marrocco∗
∗University of Rome “Tor Vergata”, Department of Civil Engineering and Computer Engineering (DICII), Rome, Italy
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Abstract—Micro Aerial Vehicles (MAVs) equipped with
lightweight Radio Frequency Identification (RFID) sensor data-
loggers, have the potential to assist in achieving environmental
awareness in a large range of situations. However, in order to
gain such insight, the system must be able to accurately localize
itself and fuse any readings of its surroundings into a consistent
map. In this paper we demonstrate how camera, IMU and
environmental data obtained with an RFID-enabled temperature
sensor may be merged together to create accurate 3D maps along
the MAV curvilinear trajectories in unknown locations. The idea
is demonstrated through experimentations in both indoor and
outdoor harsh environments.

Index Terms—RFID, MAVs, sensors, localization, temperature
map.

I. INTRODUCTION 1

Micro Air Vehicles (MAVs) can allow the rapid exploration
of unknown disaster scenarios to collect visual and physical
data (temperature, humidity, pollution) thanks to their small
size and high maneuverability.

On the other hand, Radio Frequency IDentification (RFID)
combining a tag with sensor capabilities can be of use in
disaster scenarios, as this family of devices is able to collect
data about the surroundings and provide a pervasive network
capable of returning useful environmental information such
as temperature. While thermal cameras can already provide
a temperature map, the additional price, weight and power
consumption of these systems reduce the utility of the MAV
they are mounted on and may not even be feasible for
extremely small MAVs [1]. Very recently, MAV and RFID
technologies have been merged in the concept of Tag-copter
[2], [3]. It is a simple data-logger based on RFID sensor
mounted on a nano-drone, for the sampling and temporary
storage of physical quantities. The first prototype of the data-
logger has a weight of 3.4 g and is energetically autonomous,
i.e. it does not drain the drone energy to exchange data with a
base station. However, the limitation of the Tag-copter comes
from the lack of data georeferencing, as data need to be
manually labeled. In addition to possible inaccuracies and the
labor intensive nature of this procedure, the Tag-copter has to
fly only along simplistic (rectilinear) paths of a constant MAV
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Figure 1. A real disaster scenario monitored by a RFID&MAV system.

speed in order to derive a simplicistic geo-mapping of sensor
data.

In this paper we approach this problem, by means of a
hybrid architecture (Fig. 1), where the physical information ac-
quired by the RFID are geo-referenced through MAV sensors
performing more complex trajectories for monitoring harsh
and GPS-denied scenarios.

The most commonly utilized localization system for MAVs
is the Global Position System (GPS) [4], which relies on
satellite transmission. However, in order to be adaptable to
a large range of situations, an MAV must not rely only on
GPS which can not provide accurate localization in complex
environments or indoors. Accordingly, MAVs need to be
equipped with sensors that can provide autonomous/assisted
flight exploration and geo-mapping of the collected environ-
mental parameters. It is therefore necessary to find solutions
that can provide this information while meeting the stringent
payload and power limitation of the MAV. Under these con-
straints, cameras and Inertial Measurement Unit (IMU) sensors

978-1-5386-5795-9/18/$31.00 ©2018 IEEE



are becoming increasingly common for path estimation and
localization. When utilized in a Simultaneous Localization
And Mapping (SLAM) system they have the capability to
construct a map of an unknown environment while keeping
track of the systems location. Many researchers use laser
range finder for mapping and localization [5], [6], however the
considerable weight and power consumption of this technology
limits its applicability to MAVs that have stringent payload
constraints. Artificial marker aided vision [7], [8] while effec-
tive, require modification of the environment to be used. IMU
units can be used to assist a vision system via obtaining metric
scale and estimating the gravity direction [?]. Due to these
considerations in many applications the use of visual-inertial
based localization systems offers significant advantages, where
features are tracked by a camera while the IMU robustifies the
system against illumination changes, texture-less areas, and
motion blur [?]. This fusion is usually done by an Extended
Kalman Filter (EKF) [9], [11], or using keyframe-based non-
linear optimization [12]–[14].

Even more RFID and MAV combinations have been demon-
strated to have potential [15], [16], in particular, by merging
together precise MAV mapping and RFID sensors, it is pos-
sible to apply this technology to create realistic temperature
maps of the environment.

MAVs equipped with a temperature RFID sensor means
that data sampling points are dynamic as the sensor tag is
allowed to move in the environment, where needed, and to
bring back the measured data. The resulting new technology
is able to reach harsh places and create three-dimensional maps
of environmental parameter (here the temperature) also in case
of complex trajectories and unexplored scenarios. In this paper,
this idea is corroborated by experiments in real harsh scenes
both indoor and GPS-denied environments.

II. RFID&MAV SYSTEM AND METHODS

The considered MAV is a custom built system based on a
DJI F550 frame (of 55× 55 cm (motor to motor) and with a
maximum payload of 3 kg) shown in Fig. 2(a), comprising
the camera and IMU used in the experiments. To provide
robust localization for our system we used the visual inertial
framework Maplab [17] comprising two components: the on-
line Visual-Inertial Odometry (VIO) and localization front-end
and the offline Maplab-console. In addition to existing visual-
inertial SLAM systems, Maplab provides multi sessions, map
maintenance and dense reconstruction. It includes the mapping
and localization fronted ROVIOLI which is a Robust Visual
Inertial Odometry (ROVIO) [11] algorithm coupled with Lo-
calization Integration.

During the flight, visual and IMU data are collected in
real time and stored in the MAV memory. After landing, the
path can be downloaded and merged with additional sensor
information.

The RFID data-logger used in our system is mounted on
the bottom of the MAV as shown in Fig. 2(b). It is composed
by a Battery Assisted Passive (BAP) tag (Fig. 2(c)), which
turns on only when the RFID chip is triggered by an external
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Figure 2. (a) The DJI F550 MAV and (b) the RFID sensor mounted on the
bottom of it. (c) A scheme of the RFID sensor with the lumped inductor
connected in series with the chip to adjust the antenna reactance and the
battery to work in data-logger mode.

reader. The sensor then starts to work in data-logger mode,
i.e. collecting and storing samples of data at a fixed interval.
The SL900A RFID microchip radio, used for the tag, has
a minimum sampling frequency of 1Hz and its integrated
EEPROM is capable of storing up to 841 samples. The chip is
moreover equipped with an integrated temperature sensor and
with an internal 10 bit Analog to Digital Converter to sample
additional external sensors. The embedded sensor returns a
temperature in the range −40 ◦C < T < 150 ◦C with a
typical resolution 0.1 − 0.2 ◦C. The RFID antenna is a tee-
shaped planar small monopole with a length less than λ/11
at 870MHz (size 30 × 15 × 3mm3, weight 3.4 g) , and a
rectangular plate that will be put in touch with the MAV
surface. Both the monopole and its ground plane (mounted
to form an angle of 90 degrees) are held by two slabs of Poly
Vinyl Chloride (PVC, εPV C = 1.55, σPV C = 6 · 10−4 S/m)
foam-board. A coin battery (diameter 3mm and thickness
7mm) is housed vertically, just behind the Tee-monopole.

As the Tag-copter is also suitable to exchange the data
collected by the onboard data-logger on the fly, with a fixed
reader, for instance deployed within the disaster scenario,
it is worth estimating the maximum achievable longest link
distance. At this purpose, the RFID&MAV system is numer-
ically modeled by using CST-Microwave Studio as shown in
Fig. 3. The radiation pattern of the antenna plus the MAV
is affected by the presence of carbon fiber (conductivity
σcarbon = 4 × 104 S/m) and electrical/conductive parts of



the MAV. The maximum realized gain is G = −3.6 dBi, it
differs from the antenna gain in free-space as consequence
of the electromagnetic interaction with the body of the MAV.
Assuming a fixed reader emitting 3.2W EIRP (the maximum
allowed by EU regulations) the maximum reading distance of
the RFID&MAV is 2m which is compatible with an on-board
fly data downloading across a reading gate.
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Figure 3. (a) The numerical electromagnetic simulation of the MAV and
RFID tag. (b) The radiation gain of the onboard data-logger (Theta and Phi
cuts, respectively).

III. PRELIMINARY EXPERIMENTATIONS

Experiments were performed in two different environments
in an army and rescue training village in Wangen An Der
Aare, Switzerland, during a cold day in March, 2018. The
first environment in Fig. 4(a), is a large indoor-hall wherein
the MAV was piloted manually while the onboard RFID data-
logger sampled the temperature once per second. This harsh
area was chosen at the purpose to show the system reliability
in an indoor environment with poor visibility. The low ceiling
of the building, the presence of some narrow spaces and
significant dust in the air increases the flight difficulty.

During the flight, the MAV front cameras and the IMU
sensor continuously acquired data as well as the RFID tag.
The temperature map (Fig. 4(b)) shows an appreciable gradient
of temperature (more than 5 ◦C) due to the presence of two
large open doors which allow the cold external temperature
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Figure 4. (a) An indoor environment for the RFID&MAV system with the
3D dense reconstruction. The smoke-hall is a building used to simulate a fire
scene. (b) The reconstructed temperature profile along the 3D flight trajectory.

to circulate inside. The doors can be seen from the 3D dense
reconstruction of Fig. 4(a) as lighter zones.

Finally, an outdoor environment is tested. The MAV is
driven near a vessel up an altitude of 10m (Fig. 5(a)), to detect
critical change in the temperature close to dangerous buildings,
that are difficult to be accessed by a human operator. In
addition to the reconstruction of the flight path of the system,
the IMU data and stereo camera information can be used to
generate dense 3D geometry of the area of interest. This was
done for this flight using the poses generated by Maplab in
combination with its TSDF mapping module Voxblox [18].
The results of this measurement are shown in Fig. 5(b).
Moreover, the temperature data gathered by the RFID sensor
can be represented into the same map as shown in Fig. 5(c).
The temperature data are collected at 2Hz for a total of 841
samples. If we look at the map from the top view, the VIO
landmarks (the gray points in Fig. 5(c)), visually reconstruct
the volumetric bulk of the structure around which the MAV
was flying.

IV. CONCLUSION

This paper presented an RFID&MAV system as a method
for exploring dangerous places and creating 3D maps that
may be helpful in many disaster situations in both indoor and
outdoor environments. By merging together information from
different sensors, the system is able to create geo-referenced
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Figure 5. (a) The MAV is flying around a vessel to detect possible temperature
changes, as alert of a possible danger. (b) The 3D recontruction map is built
and also (c) the temperature map.

temperature maps of complex trajectories even in the case
of unknown a priori knowledge of the area. Although we
demonstrate this idea with a temperature sensor, the same
approach can be also applied to other sensing modalities and
applications, such as explosive gas or radiation sensors that
would be useful in disaster situations.
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