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The need of ecological robots is imposed by the nowadays trend towards protecting the environment and the human factor. 
New researches in this area have arisen in the past years. In the next few lines an overview of the state of the art in this 
domain will be made, proposals go from robots designed to repair power line damage to robots for capturing photos of 
animals in the wild without human intervention. The main objective in this paper is to demonstrate the autonomous 
navigation of a mobile robot in a polluted environment. So far the research on robots used for detection of gas sources 
was focused mainly on indoor environments, but, in the recent years, a constant move towards the outdoor environment 
can be observed. There can be found several researches with different applications in the area of ecological robots. 
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Introduction 

There are many kinds of environmental robots which have 
various usage in order to detect failures in proximity of 
the robot excluding the human being from a possible 
dangerous situation. Describing a few prototype examples 
would demonstrate the utility of the research in this field.  

A first example would be a robot that is able to detect 
defects on power lines. The device uses rollers to clamp 
onto and move along a power line. The robot will do 
image analysis to see if there is something different with 
the structure compared to an earlier picture taken from 
the exact same spot, being able to remotely spot high-risk 
trees, which are the top cause of electrical outages. The 
prototype robot will also make sure there are no faulty 
connections that can cause overheating, and listen for 
electromagnetic "noise" that might indicate other problems 
with the equipment. 
 

 
Figure 1: Electric Power Research Institute prototype 

 
Another proposal is the Traffic regulating robots 

powered by solar energy. Qatar’s Public Works Authority 
with support from the Qatar Science Club will soon be 
developing new robots that will replace the manual 
methods used in guiding traffic at varies road project 

sites. The green robots will be powered by solar energy 
harvested by onboard solar panels. The robots will control 
traffic at major ongoing road projects in the main cities. 

The US scientists developed a solar-powered prototype 
and tested it in Greenland. These are the next generation 
of Antarctic explorer robots capable of driving hundreds 
of kilometers and doing scientific experiments alone.  

These could perform scientific experiments where 
access is currently difficult or expensive. There are two 
basic types of mission scenario one would be to stop the 
robot on the driving trajectory and take the data you 
need - things like sampling for bacteria in the snow, 
measuring the atmosphere, or doing a glaciological 
survey with ground-penetrating radar [3]. 

Another environmental robot, the DustCart , was 
developed by numerous european companies and 
universities, who aims to be a collecting and segregating 
garbage robot. What’s more, it can go door to door 
playing garbage man and can be summoned by a cell 
phone. To top it all off, it can also act as a mobile pollution 
monitor by monitoring atmospheric pollution levels.  
 

 
Figure 2: The DustCart 
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Research on using chemical sensors in robotic systems 
started in early nineties focusing on the development of 
two typologies of robots: the first typology is able to 
follow odor trails marked on the ground as ants follow a 
pheromone trail [1]; the second one is able to track odor 
trails formed in fluid media to find a chemical source 
[20, 9, 2]. 

Nowadays this research field of finding places where 
chemical sources are present or in the air or on the ground 
surface or underground, has been widely spreaded.  

Other robots for monitoring gas pollution in areas of 
interest have been proposed in literature. There are robots 
designed to monitor ammonia pollution near animal 
farms [11], robots designed to go into old mines and 
detect dangers of gas intoxication and so on. 

In case of the underground search finding unexploded 
ordinance, land mines, and sources of leaks from pipes 
and tanks are some examples. 

Our project proposal is related to a mine exploration 
situation, where an autonomous robot is sent to explore 
the area in order to detect places where the air contains 
more chemical components than the normal values. The 
robot is creating the map of the environment, which is 
explored at exact intervallums. In case of pollution 
detection the robot is sending a warning signal to the 
server by wireless network. The warning message contains 
the position of the robot and the quantity of the pollution. 
Using all these informations the rescue team can be sent 
to avoid more tragic events, explosions which can harm 
the mine workers. In Fig. 3 can be seen a mine scene 
together with the Pioneer robot, a four wheeled mobile 
robot which is used in our research project. 

 

 
Figure 3: Mine scene with the P3-AT robot 

 
In the following sections the theories of the visual 

and laser system is described. These two systems are 
combined at different steps of the robots behaviour like 
the mapping, localization stages. 

Theoretical background of the visual system 

Building feature based maps 

In Fig. 4 is shown the diagram of the visual feature based 
mapping algorithm. The visual data and the laser scans 
need to be taken synchronously. After the data acquisition 
is done from the displacement of the consecutive laser 
scans the robots displacement (translation and rotation) 

is computed with a standard Iterative Closest Point 
algorithm [22] between two consecutive scans. Because 
the test environment is relatively small a more complex 
scan registration method is not needed like in [14], where 
the problem of mapping a large mine is addressed. 
 

 
Figure 4: Diagram of the mapping algorithm 

In the mean time another task is to detect the image 
features on both of the stereo image pair synchronously. 
Our algorithm uses image features detector and descriptor 
called SURF. SURF is an abbreviation from Speeded 
Up Robust Features; it is a method, known in the field 
of computer vision to detect interest points on images. 

SURF was first introduced by [7], the advantage of 
this algorithm is the computational speed compared with 
other performing image feature detectors like Scale-
Invariant Feature Transform (SIFT) presented by [17], 
maintaining approximately the same or even better 
performances regarding: repeatability, distinctiveness 
and robustness. In [22] is concluded that SURF is one of 
the most suitable descriptor for visual simultaneous 
localization and mapping applications. 

The algorithm and the performances are largely 
discussed in [6] and [16], whereas hereby only a short 
overview is presented. The main reason why the algorithm 
decreases the computational time is because SURF uses 
integral images [16] as intermediate representation, in this 
way the sum of intensities over any upright, rectangular 
region is calculated with only four additions. 

The SURF algorithm is based on the Fast-Hessian 
detector, which computes the determinant of the Hessian 
matrix: 

⎥
⎦

⎤
⎢
⎣

⎡
σσ
σσ

=
),(),(
),(),(

),(
yyxy

xyxx

pp
pp

σp
LL
LL

H  (1) 

where with Lxx(p,σ) is denoted the convolution of the 

second order Gaussian derivative 2

2 )(
x
σg

∂
∂  of the image 

at point p(x,y) and scale σ in the x direction. Lxy(p,σ) and 
Lyy(p,σ) are calculated similarly, these derivatives are 
known as Laplacian of Gaussian. 

Another reason why the SURF algorithm performs 
fast is that it approximates the Laplacian of Gaussian 
with a box filter representation. The box filter allows a 
performance increase in time when they are computed 
on integral images 

The features must be detected on both images of the 
stereo pair to calculate the local 3D feature map using 
the stereo geometry of the stereo camera system. In every 
robotic application it is desirable to limit the amount of 
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data to decrease computational time as much as possible. 
For this reason the prior map shouldn’t be overpopulate, 
but in the mean time the distinctiveness of the data is 
important. Therefore the 3D image features that are 
already in the global map or the similar ones to these are 
filtered out based on the SURF descriptor.  

In the final step the local feature point cloud 
coordinate system is updated with the global position of 
the robot computed by the laser scan registration 
algorithm and the new distinctive features are recorded 
in the global 3D feature map. 

Theoretical background of the laser system 

Gaussian mixture models are widely used in data 
mining, pattern recognition, machine learning and 
statistical analysis. In order to build complex probability 
distributions, mixture models can also be used to cluster 
data. The problem of finding clusters in a set of data 
points can be resolved by a non-probabilistic technique, 
the K-means algorithm. 

K-means Clustering 

The main usage of the method created by [15] is to identify 
groups, or clusters of data points in a multidimensional 
space. The inputs of the method are a data set {x1, ..., xn} 
consisting of N observations of a random D-dimensional 
Euclidean variable x, and k the number of clusters which 
we would like to obtain.  

In common words a cluster can be described as 
comprising a group of data points whose distances 
between the points are less than the distances between 
the points outside from the cluster. 

We note μk as the representation of the centers of the 
clusters. Finding an optimal solution to the data set 
clustering problem is not straightforward. A relative good 
solution has been found when the sum of the squares of 
the distances of each data point to its closest center is a 
minimum. 

For each data point xn is introduced a corresponding 
set of binary indicator variables rnk ∈ {0,1}, where 
k = 1, ..., K describing which of the K clusters the data 
point xn is assigned to. 

Each point can be assigned just to one cluster, this 
can be described as follows if rnk = 1 ∧ rnk = 0, then j ≠ k, 
this is called the 1-of-K coding scheme. 
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The objective function (9) represents the sum of the 
squares of the distances of each data point to its assigned 
vector μk. The solution is optimal when the values found 
for rnk and μk are minimizing J. 

These values can be obtained developing an iterative 
procedure, it involves two successive steps in which rnk 
and μk are optimized. In the beginning initial values are 
chosen for μk, J is minimized with respect to rnk, keeping 

the μk fixed. In the following step J is minimized with 
respect to μk, rnk is kept fixed. 

These two stages correspond to E(expectation) and 
M(maximization) steps of the EM algorithm, which 
steps are repeated until convergence [12]. 

Expectation-Maximization algorithm 

The goal of the EM algorithm is to find maximum 
likelihood solutions for models having latent variables [9]. 
 
Table 1: Description of the EM algorithm 

 

Experimental results 

In order to achieve an autonomous navigation for the 
P3-AT in a mine scene, first we tested our algorithms in 
an indoor environment, which is the office building 
where the research is done. 

The 2D laser map and the map built using the images 
taken by the stereo camera are well combined. 

The feature based map is built iteratively with the 
presented algorithm above by navigating the robot in the 
test environment which is an indoor office building.  

A selected image sequence can be seen on Fig. 5 from 
the 155 stereo pair image sequences that were taken in 
the office, corridor and staircase of our laboratory.  

 

 
Figure 5: Selected images from the data set 

 
The obtained 3D feature map is plotted on Fig. 6, 

where with black spheres are represented the 3D feature 
landmarks obtained in the whole test environment, 
divided in the three main rooms.  
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4. Check the convergence of the parameter values, 
if the convergence is not achieved then
Θold

= Θnew and return to step 2. 
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Figure 6: The obtained 3D feature based map of the 

environment 
 

With the red disk are denoted the positions of the 
robot, where the stereo image pares were taken. The 
origin of the map, the first robot location is the dark red 
one. The fade color of the disks shows the path travelled 
by the robot.  

The point clouds acquired by the 2D laser system 
can be computed for different usage in the navigation 
process. The first objective would be to create an apriori 
static map, which is done using the above described 
algorithms, k-means and EM algorithm.  

In Fig. 7 the map of the office environment can be 
seen, which will be clustered in equal rectangles. The 
objective is to clusterize all the separate objects and to 
detect the dynamic ones.  

 

 
Figure 7: 2D laser map of the office 

 
In Fig. 8 the map is separate in rectangles, for each 

rectangle the same algorithms are applied. 
 

 
Figure 8: Clustered map of the office 

 
In each rectangle the data set is clustered in separate 

parts by both of the algorithms in order to detect the 
dynamic ones. 

In Fig. 9 from the two separations the one with the 
most clear one is chosen. All the separate data set will 
be encontoured by geometrical shapes, like ellipsoids 
and different contours.  

 

 
Figure 9: The separated data set by K-means and 

EM algorithm 
 
After all these steps will be made to each rectangles, 

the objective is to put together the data points which are 
part from the same object. 

The data set which will change its original cluster 
will be included in a new geometrical form. These newly 
created forms will be put in cells, of which size will be 
deducted by the size of the object. Using the Markovian 
properties an optimal trajectory will be find and in 
collaboration with the vision system the localization 
process will work more efficiently. 

Future work 

Our future objective is to develop the visual system to 
be capable of building large scale image feature based 
maps. To accomplish this goal in an efficient data 
management manner the bag of words representations 
will be used. The laser system will be combined with the 
Markovian properties. Another interest of our research 
is focused on the possibility of putting the visual mapping 
system in a probabilistic framework to be able to perform 
simultaneous localization and mapping. 
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