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Flying and measuring without a pilot
Development, Construction, and Use of an Autonomous Drone for Measuring
the Concentration of Gases in the Air
The intention was to create a cost effective measuring system focusing on the concentration of methane in the atmosphere. For this purpose a lightweight model aircraft was equipped with several meteorological sensors. An autopilot system enables the drone flying autonomously. For saving costs and
development time the whole system is based on open source hardware.
Development, Construction, and Use of
an Autonomous Drone for Measuring
the Concentration of Gases in the Air
1 Abstract

Our objective in building the drone
described in this paper was to create a
cost-effective measuring system focusing on the concentration of methane
in the atmosphere, a system which may
also close the current gap between stationary measuring balloons and manned
flights for the same purpose. The system
is extremely flexible and can achieve
high temporal and spatial resolution
measurements of methane concentration. At its heart is a lightweight model
aircraft made of expanded polymer. In
its present form the drone is equipped
with meteorological sensors to measure
temperature, humidity, barometric pressure, and methane. An autopilot system

enables it to be used largely autonomously. The aircraft, with a wing-span
of 120 cm and an overall weight of 500
g, can also be easily put to use in remote
areas with limited infrastructure. The
system has been used in summer 2012
within the framework of a program run
by the Zurich Federal Technological
College (ETH).
2 Introduction

Methane is the second most important
gas, after CO2, contributing to global
warming. It's estimated, that 18% of
the global warming are contributed by
methane. [1] Very little is known as yet,
however, about the emission of methane
as a greenhouse gas and its effect in the
atmosphere. This is largely because at this
point the necessary ground research can
only be conducted using very elaborate
and expensive measuring methods. For

this reason my aim was to develop a very
simple way of achieving this, a system
that is comparatively inexpensive and
easy to use in everyday situations but also
functions efficiently and precisely at the
same time.
A small unmanned drone equipped with
the smallest of measuring probes should
not only see its operational range expand
considerably but would also be capable
of surveying much larger areas. A major
advantage of the mobile measuring of
gases by drone - compared to stationary
units - is that the former is clearly more
cost effective. Not wanting to re-invent
the wheel I only used Open Source
Hardware during development and manufacturing and thereby kept time and
money spent to a minimum. Access to
such an inexpensive measuring system is
therefore possible for everyone.
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Fig 1: The flying wing equipped with an electric motor, battery's, APM 2 Autopilot, logger and
sensor box.

the project was to find a suitable methane sensor. Previous air measurements
were conducted mostly by laser sensors.
While extremely accurate, they are also
very heavy and expensive and only able
to conduct mobile measuring in manned
light aircraft. Apart from being extremely
costly (aircraft hire, pilot, system technician, etc.), their operational radius is also
very limited. In addition, manned flights
are also expensive in ecological terms.
By a lucky coincidence I got in touch
with the Department of Ecological System Studies at the Zurich-based Federal
Technological College (ETH). Their experiences in the field of methane measurements have been very useful to me, such
as the opportunity to define the required

also enabled me to fly the drone during
one of theirs measuring programs and to
test the functions of the TGS 2600 Methane Sensor. Measuring the methane concentration in the air occurs at the same
time as data on temperature and humidity
is collected. The carrier we use is a small
model aircraft. Its wing-span is 120 cm
and it has sufficient wing-surface safely to
carry both the autopilot and the measuring unit weighing 50 g. An average flighttime of one hour per charged accumulator
guarantees a range of approx. 30 km. The
law stipulates, however, that this distance
not be extended at will as the drone must
remain within sight at all times [2]. However this allows the system to carry out a
very precise and closely defined grid scanning of a specific area.

Fig 2: Overview of the upper side (left) and the lower side (right) .

3 Carrier model

As carrier model the flying wing „HotWing“ manufactured by Hacker Modell
is used ( fig. 1). Weighing approx. 500 g
at take-off, its wing-span of 120 cm and
approx. 31 dm2 of wing-surface translate
into a surface pressure of 16 g/dm2.
The model is equipped with a powerful and highly fuel-efficient brushless
Apache engine, as well as a lithium-polymer accumulator with a voltage of 11,1
V and a capacity of 2100 mAh, potentially returning a flying time of over one
hour. The use of expanded polypropylene (EPP) means the model is both very
light and robust at the same time. The
aircraft very handles easily during flight,
yet also has an extremely high speed-potential, which is an advantage during
landing in difficult terrain. Should
things go wrong, almost any damage is
easily put right with a bit of super glue.
Both the measuring systems and the autopilot are securely located within slots
in the wings and remain protected during bumpy landings. During assembly
I took care to make all components as
easily accessible as possible.
4 Autopilot

The autopilot I use is the tried-andtested APM2 (Ardupilot Mega2) from
DIY-Drones [3] . This Open Source
Autopilot combines ease of use with
quality integrated sensors. The main
control unit is an Atmega 2560 unit
from Atmel which calculates the sensor
data and provides the correct control instructions. Three accelerators and three
gyros per axis determine the aircraft’s
correct position in the air. Supported by
a magnetometer measuring the Earth’s
magnetic field, this helps to pinpoint
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the aircraft’s exact location vis-à-vis the
air. The speed of the air is measured by a
Pitot-Static System, while ground speed
and position are determined by GPS. A
barometric pressure sensor controls the
exact height, which allows a resolution
of approx. 10 cm. (Detailed pictures are
in fig. 2a and b.) Manual control of the
carrier model is executed by a 2,4 GHz
transmitter/receiver unit from Futaba,
known for its low susceptibility to interference. The paper [2] contains more
information on this topic.
5 Use of Sensors

After a brief phase as the concept began
to take shape I ordered the necessary
electronic compo-nents for the assembly of the methane sensor from Sparkfun [4]. Among these was a Arduino
ProMini Controller used to select the
sensors. The Arduino platform is a physical computing platform consisting of
both software and hardware. Both components are Open Source [6]. I chose
this because its extremely small size and
small mass meant that it is way above
comparable products from the competition. The data, selected by the sensor,
must be saved onto a logger in order to
be processed and interpreted at a later
stage. The model used here is the Logger
OpenLog, an Open Source Logger from
Sparkfun, as well as the TMP37 temperature sensor and the HIH-4030 air
humidity sensor. Their ease of control,
small size and low weight make them
ideal for use. Both sensors can be controlled and selected via an ADC port. To
achieve this, simply measure the output
voltage of the sensors which is then, by
formula, converted into the readings of
the temperature and air humidity.

Fig. 3: Figaro TGS 2600 overview.

methane lowers the resistance. I tested the
TGS 2600 in a laboratory to find out how
it might react towards various atmospheric conditions. Below is a brief summary of
the measuring methods and the results of
these tests.

The sensor cables are then inserted into the
rubber plug and insulated. Once the measuring vessel is filled with air the relative air
humidity is being adjusted by adding small
amounts of water while the required methane concentration is added by syringe.

6.1 Measuring Procedure

6.2 Measuring R0

For calibrating the sensor an atmosphere
with different methane values was simulated in a vessel. The material used for
this measurements consisted of a 2-litre
measuring vessel, a rubber plug, the sensors TGS 2600, TMP37 and HIH-4030,
Arduino ProMini, computer, compressed
air, methane, and a syringe.

First of all, sensor resistance R0 is established under normal conditions: pure air,
no methane, 20°C and 65%RH humidity. This is difficult because compressed
air is very dry (approaching 0% RH),
making it necessary to achieve the desired
air humidity by adding small amounts of
water. This is a relatively slow process, not
helped by the fact that the measurement
is never constant since the humidity of
the air continually rises. Unfortunately,

The precise volume of the measuring vessel is being gauged by water (2129 ml).

6 Methane Sensor TGS 2600

The methane sensor is of course at the very
heart of the measuring system. It was here
that the experiences of the Department of
Ecological System Studies and advice were
very helpful: The TGS 2600, produced by
Figaro Sensors was recommended. The
TGS 2600 is a small metal oxide semiconductor. The metal oxide in the shape of
micro crystals is heated to a high degree,
at which point air is being absorbed by the
crystal surface, creating a certain internal
resistance of pure air within the sensor.
This resistance changes with a rising concentration of the gas to be measured. But
in our case, an increasing concentration of

Fig. 4 The setup for testing the sensor reaction: Inside of an insulated measuring vessel it's possible to
change the humidity and the methane concentration exactly.
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Figure 6 very clearly shows the sensor’s reaction towards methane. As in figure 5 the
initial amount of methane is 0% at a sensor value of approx. 300, representing the
value R0 in figure 5 very well. In the next
step the desired methane concentration is
added by syringe into the vessel 50 s after
starting the measurement, which remains
completely air-tight at all times. The sharp
rise of the TGS 2600 shows its reaction
to methane. After a short time the reading settles at a value of around 600 and
remains static. This was to be expected as
the slight increase in the sensor value of
the TGS 2600 may be explained by the
gently increasing humidity in the air.

Fig. 5: The sensor resistance R0 is established under normal conditions: pure air, no methane,
20°C and 65%RH humidity.
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The laboratory tests allowed me to
demonstrate the sensor’s sensitive readings of any change in the concentration
of methane. At the same time I was able
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formula of the TGS 2600, resulting in
a correct reading of the methane concentration. In the field, before every
measuring flight, you have to start up
the sensors, take a reference probe like
explained. The same has to be done after the flight. During you’re taking the
air samples for the reference measuring,
the logger will sign the measurements
of the TGS 2600 for calculating the offsets after flight.
7 Logger

Saving the measurement data required
the Arduino ProMini controller to be
programmed in a way that it should select
the data of all sensors and subsequently
list it on a logger in an ordered fashion.
Figure 5 shows that every measurement
yields one line each which is then allocated under the appropriate headings in several columns. The relevant program was
written in Arduino and is comparable to
programming language C. The frequency
for reading the data may be changed with
a single define, although hitherto a frequency of one measurement per second
was most suitable. Apart from the sensor
data, other recordings gathered from the
autopilot’s GPS include the aircraft’s location in length, breadth and height, as
well as its speed and course (fig. 7). This
is done via a UART connection between
the GPS and the controller, the latter filtering the required data and then saving
it on the logger. In the first instance the
logger merely saves the sensors’ raw outputs, i.e., the voltage signals subdivided
into 1024 individual steps (as described
in 6.2). Only then the data are converted
into absolute values; the idea being that
primary data should not be lost in case
the absolute values should have become
contaminated because of a conversion
formula that is either faulty or that could
still be improved.

8 Measuring System

By this I mean the combined number of
components necessary both to measure
the methane and to evaluate the data.
For our purposes I distinguish between
the measuring sensors on the one hand
(to record the required measuring data)
and the logger unit on the other (for
saving the data). In our case the measuring sensors consist of two TMP37s,
two TGS 2600s and one HIH-4030. The
two TMP 37s and the TGS 2600 sensors
are each mounted on two different parts
of the drone; one of two TMP 37s, one
TGS 2600 and the HIH-4030 sensor
are installed in a small box. This housing
protects against the sun potentially influencing the readings because of an increase in temperature. At the same time,
the box is open both ends for a free air
flow around the sensors. The other TGS
2600 und TMP 37 sensors are mounted on different parts of the aircraft, exposed to a different air flow but still on
the drone’s underside. Figure 8 shows the
open housing box and location of the
sensors. As the TGS 2600 tends to warm
up, it is further removed from the other
sensors to avoid interference.
9 Evaluation of the Data

The logger’s SD card containing all the
data is removed from it after a measuring flight. This data, saved as a .txt file,
is converted into the relevant data on
temperature or methane concentration
by a computer program written by the
author. Based on the GPS data (length,
breadth, and height), transferred onto a
.kml file, the flight path can be viewed
three-dimensionally on Google Earth.
In addition to the actual air route, the
methane concentration is shown in a
dynamic coloured illustration. The actual spread of the methane is established
very easily and quickly in this way. Also,

Fig 8: View of open box housing the measuring units.

a tightly-set flight pattern over varying
heights can illustrate any drifting away
of the methane. Figure 7 shows an evaluated measuring flight. Evaluation or
interpretation of the data is not within
the scope of this paper.
10 Costs

The actual material costs for the entire
measuring system amount to CHF 750,
not included in the final bill is the price
for the remote control as it can also be
used for other model aircraft (approx.
CHF 300) and for various other small
parts (approx. CHF 50). Arguably,
the material used in the drone would
start paying for itself after 50 hours of
flights, assuming that the first failures
through wear and tear would occur
after this time. As a guide only, and
considering that conditions vary greatly, one could posit a price ratio of approx. CHF 16 for every hour of emission-free measuring flights. Compared
to the costs involved in manned aircraft for the same purpose, the use of a
drone is perfectly cheap. In addition to
this, the drone’s inherent security, the
scope of its operating area and cruising
range is considerably greater, not least
because take-off and landing occurs in
the immediate vicinity of the target
area. Costs could be further reduced
with the eventual mass production of
such measuring systems. For various
fields of research, a corresponding and
significant increase in the amount of
useful data would lead to wider and
much more enhanced findings.
11 Discussion

Fig 7 : Converted sensor data

The drone is aerodynamically extremely
well-equipped to carry the measuring
system into the air, even under windy
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Fig. 9: Air route as well as methane concentrations are shown in color. Green mean's a low methane concentration, red a high methane concentration.

Logger OpenLog

24.95 $

TGS 2600

31.95 CHF

Arduino ProMini

18.95 $

HotWing

59.00 CHF

Humidity Sensor

16.95 $

RedRock

27.00 CHF

Temp Sensor

1.50 $

Control unit /
controller

33.00 CHF

APM2

199.95 $

Accumulator

34.90 CHF

Airspeed

24.95 $

Receiver

90.75 CHF

XBee

75.90 $

Propeller

3.40 CHF

XBee Dongle

24.95 $

Servos

XBee Dongle

9.95 $

Total

72.00 CHF
750 CHF

Table 1: List of all components and their costs.

conditions (up to approx. 15m/s), and
both at low or high speeds. It is versatile
and can easily be converted for a variety
of different uses. The system was built
in its entirety within a very short time
from the conceptual planning stage to
the actual launch. Widely-used Open
Source Hardware and a tight planning
schedule facilitated this.
To sum up, drones are ideally suited
for measuring gases in the air because
they are cheap to build, easy to fly
and capable of delivering reliable data.
The system presented here can be converted easily to match almost any re-

quirement. For example, it could serve
as a cost-efficient and easy device for
monitoring emissions of waste-product incinerators. At the time of writing
a measuring sensor for small particle
dust is under development.
This system provides a new approach
to data recording for research purposes.
Given the system’s advantages the simultaneous use of several drones would
increase the amount of data to hitherto unknown quantities. The ETH in
Zurich launched a program devoted to
gas measuring systems in summer 2012
and invited me officially to participate

at their event. It was the first practical
test under real conditions. Until now
the measuring data’s of the drone aren’t
evaluated but as soon they are, they will
be published on the project website.
www.airpoll.ch.
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