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Abstract 

The increasing popularity of mobile service robots results in the 
development of technologies aimed at improving the performance of computing 
while simultaneously reducing energy consumption of processing units. Projects 
are proposed for offloading complex computation from robots into other 
platforms. The migration of data for storage, computing, and other purposes is 
described as cloud computing. This solution has a number of advantages over 
traditional approach, where all actions are performed on a single machine. The 
main advantages include the increase of operating time and decrease of mass by 
reducing the capacity of the required energy sources. This is thanks to the fact 
that the mobile agent can be tasked with no or only simple data processing. 

In the paper, an analysis of the capability of the most popular cloud robotic 
platforms is presented. Furthermore, descriptions of typical cloud architectures 
as well as factors in favour of applying cloud systems into mobile robots are 
described. Short descriptions of a number of popular cloud-based platforms 
including the DAvinCi project, Cloud-Based Robot Grasping Project, and 
RoboEarth are provided. RoboEarth is further described in greater detail 
including its main advantages. Basic tests using the Kinect sensor and 
RoboEarth object recognition software were performed. Lastly, a potential 
application for the system based on available mobile platforms is described. 
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Introduction 

Service robots have become more and more popular over the last decade 
and this trend is not going to stop anytime soon [1]. Robots are quickly 
venturing into our houses and helping humans with their daily chores, with 
examples including robotic vacuums like the iRobot Roomba [2] or autonomous 
lawn movers like Robomow [3]. However, tasks that seem trivial to humans can 
become very complex for robots. With more difficult errands being offloaded to 
machines, better and faster CPU's have to be implemented on them. The fact that 
a common household is a dynamic changing environment also adds to the 
problems a service robot must face. On the other hand, increasing the computing 
power while simultaneously maintaining the same mass and size decreases 
operating time. 

With the growth of connection stability and transfer rates, as well as the 
popularity, lower costs, and common access to the Internet, more focus is given 
to cloud computing. The main idea behind it is the offloading of calculations 
from clients while providing constant server access to the user at the same time. 
First drafts describing the usage of public utilities in order to make complex 
calculations were proposed in the 1960s by John McCarthy; however, because of 
the lack of sufficient technology, it did not gain much popularity until the 
beginning of the XXI century [4]. Nowadays, both storage and computing 
resources can be provided over the Internet. Because of the vast variety of 
possible services and different aspects of computing, which can be provided 
using cloud technology, as well as the inability to create one universal system, 
cloud models can be classified into the following groups [6,7]: 
 Software as a Service (SaaS), 
 Platform as a Service (PaaS) , and 
 Infrastructure as a Service (IaaS). 

The SaaS architecture grants users access only to the cloud infrastructure. 
Clients are unable to perform any changes to the platform. A typical example of 
a SaaS cloud service is a web-based email client. The second architecture, PaaS, 
allows the user to access applications and development tools. Sometimes 
additional programs installed on the client’s machine are required by the 
provider of the service. The third type, Infrastructure as a Service, grants the 
user storage space, virtual server instances, and other resources. Like before, it is 
typical that a dedicated application is required in order to access data. 

1. Cloud computing in robotics 

Due to both economic and ergonomic issues, mobile robots are required to 
perform increasingly complex tasks while simultaneously limiting their weight 
and increasing their running time. Development teams are in need of finding 
a compromise between longevity and the ability to perform difficult tasks. As 
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stated in [8], the problems of total mass, size, and battery life, as well as the total 
cost of a mobile platform, all have a massive impact on the current state of 
robotics. 

Because of the ability to offload complex calculations and provide both data 
storage and communication tools, the usage of cloud computing is getting more 
popular in the field of robotics. The advantages of cloud computing are even 
more beneficial for mobile robots. Moving the data processing procedure into 
cloud-based services results in the decrease of robot mass and the increase in 
operating time. No longer are storage space and energy needed to gather and 
process data. Additionally, the availability of communication tools grants 
machines cooperation skills which help overcome the problems given to them 
[8,9]. An interesting example of robot cooperation is the robotic swarm. The 
idea behind robotic swarms is to use small, cheap machines in order to achieve 
complex goals impossible for a single agent. Other examples of cloud robotics 
applications include area mapping based on information provided by multiple 
robotic agents or object localisation and grasping both of which are described in 
greater detail in later paragraphs. 

2. Cloud Robotics platforms 

Although still in an early stage of development, several cloud robotics 
projects from all over the world can be found. Popular initiatives, both private 
and public, include the following: 
 DAvinCi (Distributed Agents with Collective Intelligence) project, 
 RoboEarth project, and 
 Cloud-Based Robot Grasping project. 

DAvinCi was developed by the A*STAR Data Storage Institute of Singapore. 
The goal of this project was to present the advantages of using a cloud-based 
approach in the heavy computing process of localisation and large area mapping. 
Robotic agents were equipped with basic proprioceptive sensors as well as 
different localisation sensors. Those include LIDARS, cameras for image 
acquisition, and other precise localisation sensors. Machines were given access to 
popular localisation and mapping algorithms stored inside a Hadoop cluster [10]. 

Figure 1 highlights the basic elements of the DAvinCi architecture. On one 
end there are robots with ROS software [11] installed and tasked with data 
gathering and forwarding using Wi-Fi connection. This information is uploaded 
into a central controller where further computing is done. The ROS Framework 
is used in communication between robots and cloud engine. Inside the Hadoop 
cluster data gathered by robots and various computing and data analysis 
algorithms are stored and executed. The DAvinCi Server can be described as 
a service provider to the robots. Its main job is binding the robots and the 
Hadoop Cluster using ROS and Hadoop distributed file system [10]. 
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Fig. 1. DAvinCi architecture overview [10] 
 
 
The aim of the Cloud Based Robot Grasping project is the creation of 

a cloud system for robots to share training and labelling data for learning. The 
developed system can be divided into two phases: offline and online. During the 
first phase, object photos are acquired in order to train the recognition server. 
Additionally, a 3D CAD model is created and then used to create and analyse 
a grasp set for each item. The online phase starts with the robot taking a picture 
of the object and sending it via the network to the server mentioned above. If an 
instance of the object is found on the server, information regarding the item is 
returned. The robot uses this data to perform pose estimation and perform 
grasping. The results of this operation are then stored for reference inside the 
cloud [12]. 
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Fig. 2. Implementation of the Cloud Based Robot Grasping [12] 
 
Figure 2 presents an implementation of the system based on the Willow 

Garage PR2 mobile platform. The robot was given the task of properly 
manipulating common household objects based only on reference models and 
grasping strategies. All information, as well as data processing, were not 
performed on-board but inside a cloud accessed by the robot. 

RoboEarth is described by its creators as a World Wide Web for robots. It is 
an on-line database containing object information, maps, software components, 
and task knowledge. The main goal behind this project is to allow robots to learn 
from each other experiences and share their own acquired data. Ultimately, this 
will lead not only to the development of robotics but also to a more complex 
human-robot interaction. 

 
Fig. 3. RoboEarth architecture overview [13] 
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Figure 3 highlights the basic elements of the RoboEarth architecture. The 
Server stores information such as object models, semantic maps, and action 
instructions, as well as other services. Generic components are hardware-
independent layer(s) tasked with allowing the robot to interpret action 
instructions as well as extending robot’s sensing, reasoning, etc. The Robot 
specific layer is hardware-dependent and provides an interface to a robot’s 
specific functionalities [13]. 

The RoboEarth platform is not a uniform program but consists of up to six 
software components, which can be used independently, depending on the 
application [14]: Rapyuta (RoboEarth Cloud Engine) [15, 16], RoboEarth DB, 
KnowRob [17], WIRE [18], and Object Detector. Those programs are heavily 
integrated with the Robot Operating System, more commonly known as ROS. 

3. Experimental studies 

In order to evaluate the RoboEarth platform’s basic features, tests were 
conducted. An example object model creation was performed using a Kinect 
sensor and the provided recognition software. The acquisition procedure consists 
of gathering several point clouds of the selected object from different 
perspectives. Various observation directions can be achieved both by movement 
of the camera or the pattern and object. The resulting image is composed from 
data from an RGB camera integrated in a Kinect sensor and the acquired point 
cloud. Figure 4 presents the result of the recording for a ceramic mug with a 
broken handle. 

 

Fig. 4. Recorded point cloud of a black ceramic mug 
 

Observations made during acquisition showed that object models are 
heavily dependent on lightning and the amount of points amassed. Another 
important factor was the placement of the camera in relation to the object. 
Although the Kinect sensor can be used at distances greater than 50 cm, the 
distance between the two should be no less than 60 cm in order to perform 
correct data acquisition. Lastly, the position of the pattern must be taken into 
consideration. Any movement will have a negative impact on the final image 
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recorded. As seen above in Figure 4, the outer walls of the mug are not aligned 
with the inner ones. This is likely due to an error in the recording process. 
Conducted research led to the development of the concept and prototype of 
mechatronic system for model creation with use of a Kinect sensor (Fig. 5). 

 
 

 
Fig. 5. Prototype of mechatronic system for model creation 

 
Figure 5 presents the developed system for point cloud model creation. In 

order to automate the data acquisition process a solution using a stepper motor 
was proposed. This allows for an automatic 360 degrees rotation of the test 
subject with simultaneous point cloud gathering by the Kinect sensor. 
Additionally, a greater repeatability and accuracy in comparison to manual 
rotation can be obtained. The motor is located beneath a measuring table and 
fixed on an aluminium profile frame. In order to prevent any unnecessary or 
accidental movement, the frame was made heavier and equipped with shock 
absorbers. 

Data collected during the recording process can be stored locally on the 
machine or migrated into the cloud. Each instance is described by its name, 
object class, and a short description. For recognition purposes, the online 
database can be queried and different models of objects can be downloaded and 
used at the same time. 

Object 

Stepper 
motor 

Measuring 
table 
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a) b)  

Fig. 6. Detection process of a cup: a) Captured image b) Results of the detection 
 
Object recognition was performed using a ceramic cup. Figure 6 presents 

the result given by the algorithm provided by the RoboEarth platform. The raw 
colour image recorded using the Kinect camera is presented in Figure 6a. Figure 
6b displays the output of the object detector working in real time. The detected 
object is overlaid by its point cloud, which is shown in red. Object rotation and 
movement provided little change in the quality of the recognition process as long 
as the object was properly recorded from different angles. Then and only then, 
the algorithm was able to properly match the depth image acquired with the 
reference point cloud.  

Further studies included the usage of the Rapyuta module for cloud 
computing. In this test, Linux containers were used in order to simulate using 
different computers. Essentially this allows running several different Linux 
instances on a single host. One container was used as a client whose task was 
forwarding images into the cloud. Inside it specialised software analysed the 
information provided in order to extract barcodes. Those barcodes were later 
linked to their designated numbers, also stored inside the cloud, which were sent 
back to the client. 

4. Potential applications 

The ability to outsource complex computing from one host to another is 
a major factor for implementing the RoboEarth Cloud Service into mobile robots 
currently in use, which will significantly increase their functionality. An 
example future application includes the usage of the Pathfinder mobile robots 
and the Transporter [21]. 

 

a)      b)   

Fig. 7. Two of the group of four robots: a) Pathfinder small inspection robot, b) Transporter mo-
bile robot base [22] 
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Because of their small size, mass, and target price the computing abilities 
of the Pathfinder robots are relatively low in comparison to other solutions, 
which limit the use of complex sensors such as depth cameras. For example, for 
one of the most popular sensor – Microsoft Kinect, the suggested minimal 
requirements for data processing should be a 2.66 GHz Dual-core processor and 
2 GB of RAM [23]. Those requirements exceed the hardware capabilities of the 
CPU of the Pathfinder (400 MHz ARM9 processor). In consequence, the 
hardware configuration of the Pathfinder robots only allow for the transfer of the 
gathered data to the cloud, where further analysis would be performed. An ideal 
solution for the problem of longevity would be forwarding gathered images and 
3D data from the sensors into a computing cloud where this data would be 
analysed and further motion instructions can be sent back. This cloud platform 
could be localised on a Transporter mobile platform that is much bigger and 
serves as a mobile base of operations for the more agile Pathfinders. 

Additionally, a wireless distribution system can further increase the quality 
of the robotic system. This solution allows the increase of the distance the 
smaller platforms can have from the mobile base by using WDS – Wireless 
Distribution System of communication. In this type of network topology, several 
access points are used to relay data between each other [24]. The WDS is a great 
advantage in all cases of indoor scenarios where the robots have to operate in 
tunnels pipes or buildings.  

Summary 

In this paper, an overview of robotic cloud computing solutions was 
presented. The main benefits of implementing such a system in mobile robots is 
an increase of robot learning capabilities by the accumulation of knowledge in 
a cloud engine, allowing for individual units to learn from each other’s 
experiences, and computation offloading from robots CPU's to global servers 
which enables them to use energy efficient processing units.  

The experimental work performed on a laboratory setup confirmed a high 
potential for applications of cloud computing in mobile robotics. However, some 
additional work must be made by providers of cloud robotic platforms that will 
increase the reliability and performance of available solutions. The tests 
performed on a RoboEarth object recognition system showed a strong 
relationship of 3D model reference creation to the effectiveness of the system. 
Due to the lack of detailed guidelines to perform the procedure of creating 
object models, it is necessary to develop procedures for creating object 
models, which will be the subject of future research. The potential application 
scenario for use of the described technique was presented which implies using 
cloud computing together with a wireless distribution system for a group of 
cooperating robots whose purpose is to explore areas with the least energy and 
time consumption. 
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Wykorzystanie chmury obliczeniowej w robotyce mobilnej 

Słowa kluczowe: 

Chmura obliczeniowa, platforma RoboEarth, wykrywanie obiektów. 

Streszczenie 

Wzrost popularności robotyki mobilnej przyczynił się do poszukiwania 
technologii umożliwiających zwiększenie wydajności obliczeniowej jednostek 
sterujących przy jednoczesnym zmieszeniu ich zapotrzebowania energetyczne-
go. Jednym z proponowanych rozwiązań jest przeniesienie złożonych oblicze-
niowo zadań z procesorów robotów do zewnętrznych platform. Migracja danych 
w celach przechowania, obliczeniowych i innych określana jest mianem chmury 
komputerowej. Rozwiązanie to, które zaproponowane zostało po raz pierwszy 
w latach 60. XX wieku, posiada szereg zalet w porównaniu z klasycznymi me-
todami przetwarzania danych. Najważniejsze z nich to zwiększenie czasu opera-
cyjnego robota oraz redukcja jego masy poprzez zmniejszenie pojemności wy-
maganych źródeł energii.  
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W artykule przedstawiono analizę stanu wiedzy z zakresu wykorzystania 
przetwarzania danych w chmurze obliczeń w zastosowaniach związanych z ro-
botyką mobilną. Opisane zostały architektury chmur obliczeniowych wykorzy-
stywanych w popularnych projektach: DAvinCi, Cloud-Based Robot Grasping 
oraz RoboEarth. Ze względu na otwarty charakter ostatniej z wymienionych 
platform została ona szerzej przedstawiona i wykorzystana w  testach laborato-
ryjnych. W przeprowadzonych pracach badawczych zastosowano sensor Kinect, 
który został wykorzystany w celu detekcji obiektów za pomocą platformy Ro-
boEarth. Przedstawiono potencjalne zastosowania opisanej technologii dla reali-
zacji zadań wymagających zastosowania grupy robotów mobilnych. 
 
 
 
 


