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I. INTRODUCTION

Methane (CH4) based combustibles, such as Natural Gas
(NG) and BioGas (BG), are considered bridge fuels towards a
decarbonized global energy system [1]. NG emits less CO2

during combustion than other fossil fuels and BG can be
produced from organic waste. However, at BG production
sites, leaks are common and CH4 can escape through
fissures in pipes and insulation layers. While by regulation
BG producers shall issue monthly CH4 emission reports,
measurements are sparsely collected, only at a few predefined
locations. Due to the high global warming potential of CH4,
efficient leakage detection systems are critical.

In this context, the U.S. Department of Energy (DoE)
recently announced a new set of policies that aim to
reduce CH4 emissions. Through the Advanced Research
Projects Agency-Energy (ARPA-E), funds have been allo-
cated to improve sensing technologies and deliver an order-
of-magnitude reduction on the cost of methane sensing [2].
Similar initiatives are being carried out by members of the
Global Methane Initiative (GMI), which is a multinational
partnership that aims to reduce global CH4 emissions.

We present a robotics approach to localize CH4 leaks. In
Robot assisted Gas Tomography (RGT), a mobile robot is
equipped with remote gas sensors to create gas distribution
maps, which can be used to infer the location of emitting
sources. Spectroscopy based remote gas sensors report inte-
gral concentrations, which means that the measurements are
spatially unresolved, with neither information regarding the
gas distribution over the optical path nor the length of the
sensors beam. Thus, RGT fuses different sensing modalities,
such as range sensors for robot localization and ray tracing,
in order to infer plausible gas distribution models that explain
the acquired integral concentration measurements.

II. REMOTE SENSING FOR EMISSION MONITORING

Techniques of Computer Tomography of Gases (CTG)
are used along with remote, spatially unresolved sensors to
model the distribution of gases in an area of interest. CTG
is a well studied technique and is regulated by the U.S.
Environment Protection Agency (EPA)1. CTG is similar to
computer assisted tomography (CAT), where the image of a
body of interest is reconstructed from a set of attenuation
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measurements of e.g. X-rays beams. The major difference
is that CAT is performed over static bodies, while CTG is
applied over highly dynamic gaseous patches.

In a CTG setup (Fig.1), an actuated remote sensor is
placed at a known position. The inspection area is then
divided into a grid of k rectangular cells and data is col-
lected by aiming the sensor towards the cells. CTG is then
performed by finding the set of cell concentrations that best
explains the set of acquired integral concentrations. In this
way, a crude map of the distribution of gases is acquired.

Fig. 1. A CTG setup. The optical paths followed by the sensor’s beams
are displayed in red. Depending on the sensor’s technology, it might be
required to install reflectors at each cell k.

III. ROBOT ASSISTED GAS TOMOGRAPHY

Mobile robotics can make a significant contribution by
providing versatile, non static monitoring systems. Robot
assisted Gas Tomography (RGT) is a process in which,
integral concentration measurements are used to characterize
the distribution of gases at a given area. In RGT, the
process of robot localization and ray tracing is critical since,
compared to conventional CTG, the path travelled by the
beams and the sensor locations are not known beforehand.

A. The Gasbot Platform
The Gasbot prototype is shown in Fig. 2(a). It is a platform

designed to perform RGT in realistic environments2. The
platform is an all terrain Husky A-200 platform equipped
with different sensors. A 3D LiDAR (Velodine HDL-32E)
and a GPS box (XSens MTi-G respectively) are used for
localization purposes. Gas sensing is carried out with a
remote sensor (Sewerin RMLD), mounted on top of a Pan-
Tilt Unit (PTU), to point the laser beam at different orien-
tations, between ±120◦ in the tilting axis and 360◦ in the
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Fig. 2. (a) Gasbot platform. (b) Experimental scenario where the gas source is highlighted in red. (c) Generated gas distribution model. The green markers
denote the actual location of the gas sources.

panning axis. According to the manufacturer, the RMLD can
measure CH4 integral concentrations as low as 10 ppm ·m
at distances up to 30 m.

B. Robot Localization and Ray Tracing

A 3D model of the environment and the robot’s pose are
estimated using the NDT fusion algorithm [3], which is based
on the Normal Distribution Transforms (NDT) framework. In
the NDT framework, the exploration area is discretised and
individual Gaussian probability density functions (pdf) are
fitted using the measurement points, acquired with the 3D
LiDAR, that lie within the voxels in the lattice. The NDT
fusion algorithm obtains consistent vehicle pose estimates
and incrementally constructs the environmental map.

To perform ray tracing, the beam’s starting point is esti-
mated using the pose of the gas sensor, relative to the robot’s
pose in the map. Then, a ray is projected from the starting
point through the map and the end point is obtained as the
maximum likelihood point along the ray, given the Gaussian
pdf in each traversed cell.

C. Gas Distribution Mapping

The gas distribution mapping algorithm constructs a rep-
resentation of the spatial distribution of gas concentrations
using a set of integral measurements and their estimated
optical paths. The area of interest is discretized into a set
of cells and the modelling algorithm is framed as a convex
optimisation problem [4]. The algorithm then estimates the
mean and the variance (i.e. gas fluctuations) in each of the
cells. No assumptions are made about the functional form of
the spatial distribution of gases or the number of emitting
sources present in the environment. Having two statistical
moments is important since gas dispersion is not an static
phenomenon and, furthermore, areas of high fluctuation are
often correlated with the location of an emitting source.

IV. VALIDATION

Experiments were conducted in an open field (Figure
2(b)), where a gas leak was emulated with a flask of natural
gas. The robot was remotely operated to collect measure-
ments at several way-points. At each way-point, the PTU was
used to scan the neighbouring area in a continuous sweeping

movement with apertures of (±70◦) and (−8◦,−2◦) in pan
and tilt respectively.

In Fig. 2(c), the results from a validation trial are shown.
While the algorithm can produce 3D models, 2D maps are
presented for simplicity. In the absence of ground truth, a
standard metric to evaluate a given gas distribution map is
its gas source localization accuracy. As indicators, we use the
cell with the highest mean concentration and the cell with
the highest fluctuations. A result observed over the validation
trials is that the variance map is a far better estimator than
the mean map. In the results shown in Fig. 2(c), the cell
with the highest fluctuation is predicted less than 3 m away
from the actual source location while for the mean map, the
highest mean concentration is predicted approximately 15 m
away from the source.

V. CONCLUSIONS AND FUTURE WORK

RGT is a promising alternative for the localization of
CH4 leaks in practical applications. However, several as-
pects have to be investigated further. First, RGT algorithms
should incorporate wind measurements in their computations.
Second, sensor planning algorithms that suggest efficient
exploration paths and informative sensing positions have to
be developed. Third, the predictive capabilities of the mean
maps have to be improved since isolated, high concentration
cells are predicted away from the actual gas source. Fourth,
a numerical evaluation on how the accuracy in the robot
localization affects the RGT process has to be conducted.
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