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A B S T R A C T

This paper presents a novel robotic system that applies spray foam insulation in underfloor voids in order to
improve the energy efficiency of buildings. The work focuses on solving the mapping and localization problems
in such environments, since they are a key factor in the autonomy of the robot. Solving these tasks in underfloor
voids is especially challenging because the terrain is extremely uneven due to the presence of stones, bricks and
sand. Within these environments, the robot should be able to localize itself and apply the insulation foam to the
underside of the floor. The robot is equipped with a 2D laser sensor which permits building point clouds from
several positions of the underfloor environment. The localization process is solved by estimating the position of
the robot with respect to previously known positions. For this purpose, the alignment between point clouds is
calculated. This paper describes two algorithms to robustly obtain the alignment between two positions. The
proposed algorithms are tested with a set of point clouds captured with a laser scan in several environments
under real working conditions. The results show that the localization problem can be solved in such challenging
underfloor voids by using depth information.

1. Introduction

There are many buildings in Europe and around the world which
have voids between floor and foundations due to building methods.
This kind of uninsulated suspended timber floors can be a key factor in
heat loss as some studies show [1,2]. This includes conductive heat loss
to the ground and also infiltration of cold air through the underfloor
environment and wooden flooring. Taking this fact into account, the
energy efficiency of such existing buildings could be improved by
means of under-floor insulation. The process to insulate under the floor
usually consists in removing the carpet and floorboards, applying rigid
panels or rolls of insulation and finally, putting everything back to-
gether. It causes a large amount of disturbance to the building occu-
pants since often, they must vacate the premises during the installation.
To make this process less disruptive and faster, a robotic vehicle can be
used. This robotic vehicle should be able to access to voids, to move
autonomously and to apply foam insulation. An autonomous mobile
robot that could manoeuvre around the void and apply insulation
where needed should be chosen. Within this group, we can distinguish
three main types: wheeled, legged and aerial robots. When choosing
one of these three types, two main requirements must be considered.

First, an umbilical hose must be attached to the robot to transmit power
and supply the robot with the foam insulation. To meet these require-
ments, the hose would weigh around 3.5 kg per linear meter [3].
Second, a spray nozzle must be mounted on the robot to eject the foam
onto the underside of the floor. During this process, it will exert a
pressure on the robot. Therefore, the robot must remain stable. For
these reasons neither the legged nor the aerial robots (that also create
too much dust and disturbance) would operate correctly. Thus, a
wheeled or tracked platform is used in this work.

Q-bot has developed a novel robot to carry out the insulation task.
The robot, shown in Fig. 1, is composed of 4 small wheels (each one is
individually driven by a motor and a gearbox with a peak power of
65 W), a front horizontal laser and an actuated camera-laser system (3D
scanner). Furthermore, it has a spray nozzle which ejects insulation
foam. Further information about the robot specifications can be found
in [3] and also on the vendor website (http://www.q-bot.co). Initially,
the insulation task has been developed through teleoperated assistance,
what means that the robot vehicle is driven by an expert human op-
erator [4].

When a mobile robot is used to tackle this task, it is necessary that
the robot move through the environment in order to apply the foam
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insulation on the required areas. When teleoperated assistance is used,
the human operator recognizes and interprets the environment and
takes the decisions about the movement of the robot and the task.
However, despite the successful use of teleoperated robots, the use of
autonomous robots would improve performance and speed while re-
ducing cost. They would be able to complete the task without the
continuous supervision of specialized workers.

If an autonomous development is desired, many issues appear and
they must be addressed accurately. First, accessing to the environment
can be carried out by making an access hatch and putting the robot into
the underfloor environment. Once the robot is inside, a number of
challenges must be overcome. The main problems come up because the
terrain tends to be extremely uneven, as stones, bricks fragments or
sand are often present. This way, the robot has to move through irre-
gular 3D paths, considering also the presence of unknown obstacles.
Two sample images of such typical underfloor environments are pre-
sented in Fig. 2. The robot must tackle the insulation task in this type of
challenging and previously unknown environments.

To address autonomously this task, firstly, the robot must be cap-
able of mapping the environment with enough accuracy and reliability

in order to recognize the zones where insulation is required and, at the
same time, be able to estimate accurately its position within the map.
This process is known as Simultaneous Localization And Mapping (SLAM).
In order to tackle the mapping and localization, it is necessary to use
one or more sensors to obtain some information from the environments.
On the one hand, the SLAM task has been traditionally addressed using
range sensors, such as laser, which measure the distance to the sur-
roundings and usually lead to models that show occupied and non-oc-
cupied zones [5,6]. On the other hand, vision systems can also be used
for this purpose and much research is being carried out on mapping and
localization using cameras [7,8]. Visual approaches try to build a map
of the environment using sets of features obtained from different points
of view. Many researchers have addressed successfully the SLAM task in
controlled environments through these vision systems such as Davison
et al. [9] who use a single camera. Nevertheless, it is necessary to
highlight the difficulty of the underfloor environments. The presence of
elements such as dust, sand, poor illumination or shadows makes the
mapping and localization process extremely complex.

The extreme unevenness of the floor is an additional issue to be
taken into account (see Fig. 2). Owing to it, the movement of the robot
is not plane at all and it can be considered a 6 DoF (degrees of freedom)
movement. Considering all these features and challenges, both a laser
and a vision system are chosen to accurately build a map of the en-
vironment and installed on the robotic platform.

Using these sensors, the mapping and localization are carried out
following the next process. First, from a specific pose (position and
orientation) of the environment, a scanning process is performed.
During it, the sensors capture information on 360 deg. around the
robot. The result is a 3D local map which consists of a point cloud that
combines both depth and color information. Once the local map has
been built from a specific pose, the robot will move a relatively long
distance to a new, unknown pose. To estimate this new pose, the en-
vironment will be scanned again and a new local map (point cloud) will
be built. The translation and rotation from the first to the second pose
can be estimated by comparing these two local maps. After repeating
this process from several poses, the set of local maps will compose a
complete description of the environment (global map). This global map
can be used not only to estimate the position of the robot while it
moves, but also to determine the physical properties of the underfloor
environment in order to control the spray gun and, after the insulation
step, in order to validate if all the areas are correctly covered with foam.

Taking these facts into account, obtaining a robust and exact global
map is very important. With this objective, having an accurate knowl-
edge of the pose where each local map was captured is crucial. This is
why this work focuses on this problem: estimating the current pose of
the robot with respect to the previous one. The problem will be solved
by comparing the point clouds obtained from both poses using a re-
gistration approach, whose result is a transformation matrix that con-
tains the rotation and translation experienced by the robot from the first
to the second pose. No information on odometry will be used because
the extreme unevenness of the floor introduces a severe error on it
(owing to shifting, slipping and orientation changes). This way, the
global map is expected to be robust against these phenomena.

Therefore, in this paper we present a procedure designed to solve
the alignment between two consecutive locations and to build a global
map of the environment so that the robot can autonomously develop
the insulation task in this kind of environments. In this regard, the work
is based on the autonomous surveying robot architecture introduced in
[4]. In this previous work, a system was proposed for selecting the next
best position for performing a 3D scan. Multiple scans were aligned
using the Iterative Closest Point (ICP) algorithm and merged together
into a global map model. However, this system depends on a correct
functioning of the ICP algorithm which is prone to fail or converge to a
local minimum due to the complexities of the underfloor environments.
Consequently, we present an algorithm that solves the registration in
such environments. Therefore, the two main contributions of this paper

Spray gun 
on rotating 
platform

Pivoting 
rear axle

Camera 
and laser 
on rotating 
turret

Fig. 1. Bird eye’s view of the robot and main components.

Fig. 2. Images of typical underfloor environments where the registration is difficult due
to their characteristics.
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