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The present article, in the context of  a documentary research carried out and 
interpreted to be taken as a baseline in research for the ROMA Autonomous 
Mobile Robotics Group of  the Francisco José de Caldas District University, 
describes the state of  art of  the applied RC to the rescue of  victims. The 
revision is established chronologically in the last fifteen years; in Latin 
America; and focused mainly in Colombia. They are used as sources: The 
Google Schoolar database, and articles from the electronic engineering 
journals indexed for the year 2017 in COLCIENCIAS. As a product thrown, a 
particular model of  communication technology used in CR is presented in the 
Colombian context.

ABSTRACT

RESUMEN: 

El presente artículo, en el contexto de una investigación documental realizada 
e interpretada para que fuera tomada como línea de base en investigaciones 
para el grupo de Robótica Móvil Autónoma ROMA de la Universidad Distrital 
Francisco José de Caldas, describe el estado de arte de la RC aplicada al rescate 
de víctimas. Se establece cronológicamente la revisión en los últimos quince 
años; en Latinoamérica; y enfocada principalmente en Colombia. Se utilizan 
como fuentes: la base de datos Google Schoolar, y artículos de las revistas de 
Ingeniería electrónica indexadas para el año 2017 en COLCIENCIAS. Como 
producto arrojado se presenta un modelo particular de la tecnología de 
comunicación empleada en RC en el contexto colombiano.
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1.    Introduction

The origin of  the CR can be found in the work of  
Fukada, Nadagawaka, Kawauchi & Buss [1] in which 
an approach to the coordination of  multiple 
homogenous and heterogeneous robotic units is 
described. Ever since, investigations have been 
developed in the area. Caloud et al. [2] and Norelis 
[3] applied a traditional control architecture based on 
gliders to a block movement task, implemented with 
two robots. Kube et al. In [4] and [5] a series of  
simulations of  robots is described, executing a simple 
collection of  behaviors that are incrementally 
transferred to physical robots. Barman et al. [6] 
report a bed of  preliminary tests for the study of  the 
control of  multiple robots in a task involving playing 
soccer. Parker [7-8] describe an architecture for 
sharing tasks based on behaviors for the control of  
groups within heterogeneous robots, and it is 
displayed in a group of  four physical robots that 
perform tasks of  cleaning toxic waste and pushing 
blocks. Donald et al. [9] reported the theoretical basis 
for the implementation of  manipulation on 
cooperative tasks with a pair of  mobile robots; Beckers 
et al. [10], demonstrated it in a group of  four robots 
grouping randomly distributed disks through purely 
indirect communication (stigmentric communication).

Due to climatic factors and the contingencies of  
violent intervention at a social level where the human 
being is subdued (accidents and attacks), solutions 
have been sought at a technological level to minimize 
the loss of  human lives; for example: at the moment of  
rescuing victims after some type of  catastrophe. 
Therefore, different technological developments have 
been carried out, among which Cooperative Robotics 
(CR) is included. Particularly, in Latin America, 
research has been carried out in the field of  CR focused 
on industry, automation, among others. However, 
there is little literature emphasized for its application 
in the social field.

As a matter of  fact, thanks to the impact that this area 
has acquired, a robotic soccer tournament has been 
provided since 1997: RoboCup, which has served as a 
great laboratory for the validation of  CR models, 
[11]. On the other hand, in Colombia research and 
development in CR is recent, and so far the 
investigation is being carried out regarding the origin 
of  the topic and its development; It can be highlighted 
that the generation of  algorithms and the interest in 
the methods for the behavior of  animals that work in 

teams for a common good have gained relevance.

Consequently, this review paper is organized in the 
following way: in the Introduction the document is 
presented and the relevance it has upon cooperative 
robotics and the implementation within the specific 
topic. Then, in the methodology, the temporary space 
in which the research is carried out is laid out as well as 
how the document is accomplished. Subsequently, the 
categorized and classified documentary development 
of  all the collected information is exhibited. Finally, 
the conclusions are presented, and the ideas that can be 
extracted and interpreted are argued to make of  this 
research a baseline in future perspectives.

In the last 15 years, research has been carried out on 
CR in which the following categories are highlighted, 
according to the field applied: Industry, where there 
are documents related to Control Architecture, 
Decentralized Control and Centralized Control; in 
Education which contains evidence of  Research, 
Design and Development; in Security where there are 
location and detection; Health, and Rescue of  victims 
where emphasis is placed on locomotion and research 
projects in the magazine Visión Electrónica; in this 
last item, the present paper review is accentuated in 
which articles published in the magazine Visión 
Electrónica will be included: something more than a 
solid state. The bibliographic search is carried out in 
the Google Scholar database using the descriptors: 
revision, CR, CR for Rescue of  Victims, state of  
scientific knowledge. The records obtained range 
between 80 and 90, with the keywords used.

When analyzing the documents, those that were 
developed in Latin America were selected in 
preference to Spanish, and emphasizing Colombian 
exponents in order to provide information on the 
formal and specific aspects of  the subject that are 
appropriate for: a review; a critical reading of  
documents; the implementation of  a bibliographic 
review; an accessible knowledge; and the elaboration 
of  mental and / or conceptual maps.

2.      Methodology

For this paper review the Method by indices is used for 
the construction of  the overhaul (vertebrate from a 
general index) [12], in which some categories and 
subcategories are established (for the case of  Victim 
Rescue), shown in the Figure 1 and Figure 2.
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Figure 1. Research model for the developed state of  art; this methodology was validated by the evaluation of  
experts from the ROMA research group of  the Universidad Distrital Francisco José de Caldas. Source: 

own.

Figure 2. Subcategorization of  the research model for the developed state of  art. Source: own.

Ÿa.      Industry

Ÿ3.   Development

ŸThis category is established because within the research 
there are developments and studies for the processing 
of  raw material to reach the final product, using 
cooperative robotics for such system, so that the group 
of  robots finds organizational solutions among 
themselves.

l.     Control architecture

Initially, in [13], the ALLIANCE 1 control architecture 
and its successor ALLIANCE are carefully studied, 
making modifications in its formal model and proposing 
new heuristics aimed at obtaining a better assignment, 
resulting in a better performance of  the equipment. The 
case study focuses on an object collection task 
implemented using state machines and reactive 
behaviors.

4 ALLIANCE is a software architecture that facilitates the tolerant cooperative control of  failures of  heterogeneous mobile robot groups performing a mission composed of  several 
weakly coupled tasks that can have order dependencies. 

6
FPGA it is a programmable device that contains logic blocks whose interconnection and functionality can be configured at the moment by means of  a specialized description 

language.

5
FESTO is a German multinational company based in Esslingen. His specialization is in products and services for control, industrial automation, pneumatics and electronics.
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Ÿ.

Similarly, [15] describes in the research line the 
transport of  objects by means of  different strategies 
that range among pushing, holding and dragging 
objects is described. The focus of  the article is to 
show the development and implementation of  a CR 
platform applied to the transport of  long objects 
through a structured environment using the tools 
provided by the Lego Mindstorms RCX 2.0 kit and 
the autonomous mobile robotics research group 
ROMA. The development of  the environment where 
the final tests were carried out consisted of  a 1.5m² 
matte black sheed of  wood with white strips on the 
left end, whose length was 0.21m by 0.018m wide. As 
part of  the environment, the objects had a box of  1m 
in length, a box of  0.35m in length and a cylinder of  
1.8m in length. The platform has a pair of  robots 
c a l l e d  m a s t e r  a n d  s l ave  w h o s e  p hy s i c a l 
characteristics allowed to drag the object, in this way 
each robot had a set of  sensors distinctive from the 
kit, so in an early stage, the master robot relied on a 
contact sensor, and a couple of  rotation sensors, while 
for the slave there was a contact sensor and a pair of  
light sensors, the locomotion system implemented 
due to its benefits was the caterpillar given the fact it 
offered more contact surface when transporting the 
object. The communication of  the robots was carried 
out by means of  an infrared link and handling 
characters in the range of  0 to 255 (only integers).

Figure 3. Structured environment. Source: own.

[16], aims to develop the design and optimization of  
interaction rules for a search party on classification 
of  pieces by colors, where robots try to achieve 
temporary efficiency in carrying out a task 
collectively. The beginning of  the work in the line of  
artificial intelligence in the hotbed of  research 

8SYNAP .

On the other hand, [17] describes the design of  a 
group of  mobile robots that consists of  three 
independent and autonomous agents interacting 
with one another under  a cooperative behavior 
architecture. The following aspects are considered: 

Traffic control with movement pa�erns; the function 

of each robot will be to contribute to the solution of 

the global group task and for such task, each robot 

will have the ability to wirelessly communicate its 

status to the remaining agents. The agents will be 

homogeneous, with sensors that allow them to 

obtain information from the environment. A 

monitoring center similarly connected to the 

wireless network will be used, in which variables 

and geographical arrangement of the robot within 

the environment will be displayed. It should be 

pointed out that this central (PC) is not an active 

member of the cooperative system, that is to say, at 

no time it will give orders or commands to the robot 

team, but rather it will be used as a tool to expand 

the electronic vision of the processes within the 

ll.      Decentralized control

4 ALLIANCE is a software architecture that facilitates the tolerant cooperative control of  failures of  heterogeneous mobile robot groups performing a mission composed of  several 
weakly coupled tasks that can have order dependencies. 

6
FPGA it is a programmable device that contains logic blocks whose interconnection and functionality can be configured at the moment by means of  a specialized description 

language.

5
FESTO is a German multinational company based in Esslingen. His specialization is in products and services for control, industrial automation, pneumatics and electronics.
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The total synchronization of  the system depends on the 
efficiency of  the communication, so by not sparing 
resources the correct connection among the robotic 
agents was guaranteed. One of  the great tools that 
allowed optimizing communication processes and route 
calculation was the use of  NXC software, which 
provided the possibility of  performing remote 
functions, in addition to calculating routes, by handling 
variables in floating point and operating arrangements, 
among others. The HMI was implemented in a 
computer using LabView® and in a NXT CPU 
simultaneously. Finally, an efficient, dynamic, 
autonomous system was generated and undoubtedly, a 
viable model that can be extrapolated with small 
modifications on a real scale.

In other direction, [19] shows a system focused on 

selection and packaging, the final stage of most 

industrial processes. The problem was approached 

t h r o u g h  r o b o t i c  a g e n t s  w i t h  d i ff e r e n t 

characteristics that function emulating the 

organization of an ant colony, making these stages 

an efficient and effective process with great 

flexibility when facing changes in production. The 

characteristics of the random and pseudo-

dependent movements of the environment make 

the location of the final destination of the boxes a 

dynamic and autonomous process.

Figure 4. Prototype model. Source: own.

total system. A microprocessor will be responsible 

for the control of actuators as well as reading of 

sensors, thus constituting the lowest level layer. A 

second microprocessor  wi l l  contro l  the 

communication module between agents and the 

core of the cooperative architecture.

According to this last strategy, in [18]. The 

decentralized control system developed in this 

work has specific advantages, since it deploys the 

possibility of changing arragement, modifying the 

role of robots, restricting the dynamics of the 

system and assuming the loss of a robot during the 

mission without major complications, achieving 

the group of robots fulfills the targeted objective. In 

order to have versatility in the configuration of 

mobile robots, cooperative control is designed 

bearing into mind the movement of a particle in 

space, assigning it a travel speed in the global axis. 

Subsequently, the control laws were implemented 

in a group of ArduinoRobot physical robots from 

the company Arduino⁹. The design was conceived 

from an omnidirectional platform. This design was 

done in order to correct mechanical aspects such as 

the location of the center of mass or stress  

concentrations in geometries under reduced 

thickness. As a result, a three-robot fleet equipped 

with the necessary sensors is delivered to continue 

with the next stage of the project.

 ���    �ᵉ�ᵗ�ᵃ���ᵉᵈ �ᵒ�ᵗ�ᵒ�

[20], presents two (2) cooperative robots of  the RSCT 
(Robotic System of  Cooperative Transport), which 
have an analogous design, in which the only difference 
between both agents is the side to which the lock of  the 
gripper (final effector) is located in each manipulator, 
based on the position of  each agent with respect to the 
gutter during transport. The manipulator and the 
mobile chassis are the only subsystems with a partially 
mechanical nature. The combination of  two methods (a 
sensor associated with each one) is proposed to 
demarcate the trajectory the robots perform, as well as a 
third sensor for the detection of  obstacles.

 

 

9
 Arduino is an open source company and open hardware.
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Figure 5. Design of  the Grippers. Source: own.
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In another context, [24] seeks to provide relevant 
information in this field of  research and development, 
so that in the near future it can be provided with 
appropriate technology for the care of  eventual 
disasters, particularly in urban search and rescue 
activities; the document is the result of  the study and 
reflection of  the Research Group in Autonomous 
Mobile Robotics (AMR) about the techniques and 
procedures of  urban search and rescue of  victims, as 
well as the technology to support this type of  activities 
developed at present time, in order to identify 
alternative solutions to the national problem in this 
field.

On the one hand, and in coherence with the above, in 
[21] the design of  an entire system was carried out 
where two mobile robotic entities can perform specific 
tasks thanks to their displacement and the coordination 
of  their actions; the latter in order to venture into the 
field of  artificial intelligence. The machines help each 
other to achieve a goal, and to achieve it, they use the 
best skills of  the robot-individual. The group of  Robots 
and Intelligent Machines of  the UPM has developed 
the SMART1 system, a group of  agents (robots) whose 
main purpose is achieve the best configuration to meet a 
goal. If  an agent cannot complete its mission, another 
agent (s) come to its aid, to such an extent that they can 
substitute it in the original task or help it to finish it. In 
addition, each robot has a bluetooth communication 
system to contact a central checkpoint from which the 
tasks to be performed are established.

b.      Education

I.      Research

On the other hand, [22] describes a planning and 
movement control scheme for a cooperative transport 
system, which consists of  a single object to transport 
and multiple non-holonomic autonomous mobile 
robots. In addition, this document presents the design 
of  a cooperative control that allows to establish and 
maintain a specific geometric formation for a group of  
mobile robots while they are moving. The Leader-
Follower approach control strategy was used, but a 
virtual leader based on ROS was implemented because 
the main idea is to maintain the aligment all the time, 
minimizing the error as low as possible. As a result of  
the research, a cooperative control system that allows a 
set of  robots to maintain specific training while the 
group performs a predetermined mission was 
demonstrated by a ROS-based simulation.

This category has a widely number of  investigations, 
since it seeks to improve the amenities for students and 
members of  the educational community through 
technological development; besides, these studies can be 
emphasized and brought to other branches at a business 
or social level.

Initially, in [23] techniques (SLAM) have been created 
to allow a robot, while traveling in an unknown 

environment, to build a map of  its environment while 
estimating its current position. Although this problem 
has been extensively studied in the last two decades, 
little effort has been devoted to the adaptation of  SLAM 
to the context of  CR, which could allow the 
development of  more efficient, profitable, reliable and 
robust solutions. This article presents a survey in both 
SLAM Cooperativa and in SPLAM (Simultaneous 
Planning, Location and Mapping), discussing the 
limitations in cutting-edge approaches and identifying 
directions for future advances in this field of  research.

In [25], this work seeks to present an integration model 
corresponding to the projects framed in the large 
Agentcoop project developed in the Systems 
Department of  the Faculty of  Engineering at Pontificia 
Universidad Javeriana. A work plan will be developed 
where a collection and appropriation of  concepts will be 
carried out and a theoretical model of  integration will 
be considered, this model will be applied to the 
development and the corresponding tests will be 
performed bringing out a documentation of  results and 
description of  the procedures carried out, as well as a 
software implementation corresponding to the model 
proposed. Though, [26] describes the School 
Technology Activity (STE) as a proposal in the 
resolution of  problems by students, which can only 
be addressed from the CR, and through which 
creativity is strengthened. In response to a didactic 
problem solving strategy, robotics is used in a 
learning environment in which students start off  
from the interpretation and analysis of  their 
immediate environment, in order to embrace the 
association of  technology. 

11
A robot is holonomic if  all the constraints to which it is subjected are integrable in the positional restrictions of  the form: The variables are the coordinates of  the system. When a 

system contains restrictions that cannot be written in this way, it must be non-holonomic.

13
Simultaneous Localization and Mapping

12
Robot Operating System 

10
Polytechnic University of  Madrid  
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Finally, in [29], the design and development of  a set of  
tools to develop robotics projects, specifically CR, 

through devices with Android operating system is 
presented. The first tool is a library developed for 
Android that encapsulates common tasks in CR such as 
communication requirements, variable control and 
cooperation among agents. The second is a library for 
the Arduino ADK card that makes communication and 
variable handling compatible with the Android library. 
Finally, the third tool consists of  an application that 
validates the library for Android implementing a 
common application in CR, the alignment control. The 
alignment control application starts with the design and 
construction of  three robots of  differential locomotion, 
and ends with the design and implementation of  an 
application that controls the alignment from the images 
captured by an external camera.

Now, in [28] a control algorithm based on leader 
tracking for the autonomous navigation of  a team of  
non-holonomic mobile robots maintaining a desired 
alignment is presented. Control errors are defined in 
terms of  the instantaneous positions of  each robot and 
their desired position within the alignment, with regard 
to the group's leading robot. For sensing the relative 
positions, the leading robot is the only one equipped 
with an omnidirectional vision system. The stability of  
the proposed system is tested according to Lyapunov's 
theory and a robustness analysis is carried out before 
certain estimation errors. The main objective for the 
follower robots is to reach a desired alignment and 
safeguard it while following the leading robot.

Figure 6. Multirobot scheme. Source: own.

lll.    Development

For the reasons set up above, in [30] a distributed 
platform that allows students to access the available 
robots in the laboratory through the Internet is 
presented. Through this platform, a remote 
environment is created in which students can carry out 
different experiments on several computers, with a 
flexible schedule. The system can generate events based 
on three different causes; when: the customer interacts 
with the graphic components, through a timer that 
synchronizes the processes and through a thread that by 
means of  asking CORBA requests to the identification 
server, controls the presence of  the robots in the 
system. This application acts as a CORBA, customer, so 
it is capable of  requiring services to the actuators and 
sensors of  the robots.

Figure 7. General architecture of  the 
communications system. Source: own.

 

lll.    Design

This environment has a didactic guide for the teacher in 
which a (ATE) is proposed based on the resolution of  
problems and involves three main sections: setting the 
central themes of  the activity, introduction to problem 
solving from situations close to their environment, and 
approach and design of  possible solutions for the 
implementat ion with the robots  from their 
programming.

In [27] describes the trend and approach of  control 
architectures for multi-robot systems. An architecture 
displays a construction approach or philosophy that 
establishes the logic of  control for a multi-robot system. 
From the latter perspective, there is a tendency in the 
design of  multi-theft systems and it points to Biology, 
specifically to the area of  . ethology The reasons point to 
the feasibility of  implementation, in physical and logical 
terms, of  the scope of  biological systems with a strictly 
reactive behavior and the possibility of  generating 
second-level behaviors: instinct and learning (based on 
reactive structures).

14 Ethology studies the behavior of  animals in their natural environments
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Figure 8. Programmable platform. Source: own.

Instead of, [31] the description of  the robots football 
team UTNfrba functioning is presented. The team 
consists of  five players and a virtual coach, each of  them 
is an independent agent and they communicate with one 
another through a platform in real time, counting on a 
messaging system, traffic lights, among others. Each 
player makes use of  different skills and tools, such as 
path control, route planning, and prediction of  the 
movements of  the environment. The virtual coach is in 
charge of  directing the team, indicates the realization 
of  tactics and controls the correct distribution of  the 
team line up through a fuzzy logic engine. The virtual 
coach is responsible of  managing the global operation 
of  the team and generating a cooperative work among 
robots.

Nevertheless, in [32] the tests design process to be 
executed was focused, firstly, on the individual 
functioning of  the physical robots taking into account 
that at the time of  designing the ProPAC protocol there 
were two generations of  robots, the participants in the 
LARC 2010 and the participants in ROBOCUP2011, 
through these individual tests it was possible to 
determine which generation was the most apt to 
perform the tests that involved more than one robot. 
The second key element for this protocol was to evaluate 
cooperative actions in controlled environments and in a 
competitive environment.

Regarding this, in [33] a contribution to the QUEMES 
project is described. It is a proposal for education in 
technology that addresses three components: the 
construction of  differential mobile robots, the graphic 
environment of  event-oriented programming and 
pedagogical activities for children. The goal is for 
children to learn to work cooperatively by observing 
how robots interact to solve a problem weakly 
structured jointly. Students only define the interactions 
among the robots and the reactions they must have to 
the events; when compiling the program, the necessary 
codes for the autonomous control of  the robots are 
generated automatically. QUEMES, in addition to 
providing a hardware and software platform, also 
proposes a series of  technological school activities, 
where students learn the basic principles of  mechanics, 
electronics and programming, necessary for 
understanding the operation of  robots, as well as 
reflecting on the importance of  cooperative work.
 

 

c.     Security

In this category there are developments to perform 
discards and warnings that show that something is out of  
the ordinary and therefore there may have some level of  
danger.

l.      Location

On the other hand, in [34] a system that allows to 
develop the concept of  CR of  suggested, by means of  a 
remote laboratory whose objective is to manipulate and 
control robotic mobile devices, which can interact with 
one other depending on the purpose of  the user, and 
additionally allow control from a remote place 
monitored by a camera.

For [35], the abilities of  several simple mobile robots 
are related to the fulfillment of  a single task, in this case 
the objective is to map certain area to be able to locate 
obstacles and temperature changes, in order to achieve 
this, the implementation of  a mobile multi robotic 
system with the purpose of  demonstrating the 
effectiveness of  the method on systems with a single 
robot is carried out.

In addition, one of  the challenges of  the work presented 
is the creation of  algorithms to solve the problem called 
SLAM in multi robotic systems. The system has a 
central controller which is responsible for guiding and 
d i s t r i bu t i n g  t h e  r o b o t s  t h r o u g h  w i r e l e s s 
communication, this central controller has a simple 
interface that simulates the environment of  the robots 
in real time for the visualization of  obstacles and 
changes of  temperature with an upper view in 2 
dimensions.

15
CORBA is a standard defined by the Object Management Group (OMG) that allows various software components written in multiple programming languages   and running on 

different computers, to work together; that is, it facilitates the development of  distributed applications in heterogeneous environments.

18
QUEMES it is a proposal of  learning in technology education using cooperative robots.

17
Latin American Robotics Competition

16
UTN (National Technological University) Buenos Aires Regional School
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On the other hand, in [36] the team proposes to develop 
a Wireless Mobile Robot that serves as a tool to solve 
the problem of  land recognition, which would have the 
ability to move through places inaccessible to humans 
and at the same time, show real-time images that serve 
to trace a trajectory, which can be used to generate a 
better image used for the location of  people or objects; it 
is essential for this tool to have a control easily 
manipulated by the assigned user.

For the   control area of  multiple autonomous  [37], 
robot alignments currently turns out to be a very active 
research area, due to the large number of  potential 
applications of  these systems. In this summary, the 
mathematical model of  a vehicle with four rotors is 
described, and the results obtained in the control of  
trajectory tracking and orientation in 3D space, which 
will later be used to control alignments based on these 
vehicles.

Figure 9. Scheme of  operation of  the platform. 
Source: own.

Inside [39] this project different elements for a correct 
navigation and teleoperation of  a mobile cooperative

ll.      Detection

In [40], the search and detection of  chemical 
substances such as alcohol and cologne is developed 
through the simulation and implementation of  search 
algorithms for odor sources in cooperative mobile 
robots through a distributed control system. The robots 
were equipped with chemical sensors MQ-3 that 
performed the detection of  chemical components 
prevalent in the environment and ultrasonic proximity 
sensors that allowed autonomous navigation. In order 
to know the dispersion of  the proposed volatiles, a 
mapping consisting of  13 dispersion maps obtained 
through the construction of  a mobile mapping robot 
located in different controlled environments under 
constant temperature and humidity conditions was 
done. With the maps obtained, environments were 
developed in the V-REP software, where the search and 
detection of  odor sources using mobile robots was 
simulated, in which 3 search algorithms were 
implemented: zigzag, random and guided in language 

19
Python .

20[41], IEEE 802.11  seeks to a solution based on 
standard, since it is the mostly implemented network in 
closed spaces. This solution can be based on 
Fingerprints technique or propagation models. But due 
to the complicated modeling of  the RF signal, in this 
work a solution using Fingerprints is proposed. One of  
the facilities of  this technique is the possibility of  
taking advantage of  the function of  most mobile 

21devices to measure the RSSI  parameter of  the various 
access points of  interest. The Kalman filter was 
implemented considering a linear relationship between 
several measurements of  the RSSI parameter in a same 
test point in order to try to reduce these variations even 
more. It can be seen that in [42], the implementation of  
computational methods that propose cooperative 
solutions to a team of  multi-robotic agents in the tasks 
of  navigation on an environment is proposed. The 
objective is to minimize the total time of  exploration on 

And in [38], a state of  the art is presented regarding 
control methods implemented in robotic convoy 
systems on mobile platforms that can be used for the 
planning of  routes or trajectories, orientation, 
perception of  environments and control systems in 
which the measurement, analysis and interpretation of  
various variables and their subsequent implementation 
are involved. A review of  research articles in 
bibliographic indexes and databases on control methods 
applied in convoy systems was made in order to show 
progress, trends and application methods.

 robotic system are included. Within these elements, it is 
important to emphasize the video camera, which 
transmits in real time the environment through which 
the robotic platform moves and it is controlled by the 
movement of  the user's head. In addition, there is a 
graphical interface, which allows to visualize the 
behavior of  the different sensors, remotely through 
WiFi type communication. The project focuses on the 
help that the robotic system can offer in areas of  
extreme danger in the sense of  navigation, recognition 
and analysis in a fire event.

19 Python is an interpreted programming language whose philosophy emphasizes a syntax that favors a readable code.
20

IEEE 802.11 specifies the operating rules of  a wireless local area network (WLAN).
21

Indicator of  received signal strength.
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In [43], it is shown that disability due to deterioration 
of  motor skills or accidents in economically active 

23
persons is important, with data provided by the INEGI  
on the Economically Active Population, Gross 
Domestic Product and Population of  the Disabled, 
considers that the investigations aiming to extend the 
impact of  CR in the rehabilitation of  members and / or 
permanent assistance through robotic exoskeletons are 
a mechatronic system, which entails the union of  
several disciplines.

 an environment. In order to achieve this, a software tool 
is developed, such tool provides a simulated approach to 

22
SMA , events, which will allow the scientific 
implementation of  certain softcomputing techniques 
that suggest cooperative solutions in the navigation of  a 
static environment. It is remarkable that the algorithm 
constituted by artificial neural networks (ANN) shows 
better performance in exploration compared to 
proposals of  the state of  the art.

Dentro de [44], se plantea el diseño de un prototipo 
virtual de robot móvil capaz de operar por aire o tierra, 
desplazándose en diversos entornos de desastre 
mediante la reconfiguración de su sistema de 
locomoción, permitiéndole así, mejorar la movilidad del 
robot al realizar tareas de búsqueda, reconocimiento y 
mapeo, y ampliación de cobertura en comunicaciones, 
las cuales representan un factor clave en los tiempos de 
monitoreo y acción. Al ser un prototipo virtual, la 
validación del diseño del robot móvil se encuentra en 
desarrollo mediante programas computacionales de 
simulación y análisis de sistemas multicuerpos, lo cual 
permitirá exportar un diseño validado a un simulador de 
entornos de desastre para evaluar su comportamiento y 
rendimiento con el fin de determinar la factibilidad para 

su construcción física.

ll.      Electronic Vision

In [48], a work is described based on the investigation 
of  the applications of  bioinspired and intelligent 
algorithms in the area of  engineering in production at 
Francisco José de Caldas University. Hive artificial 
intelligence is applied as a metaheuristic tool for 
planning and optimizing the distribution problem in 
plant, aiming at finding the best spatial assignment for 
stations or work cells.

Regarding the previous aspect, presents an [50] 
investigation about cooperative robotics through 
bioinspiration, that is, an algorithm is developed that 
seeks to imitate the emerging behaviors that occur in 
nature when the members of  a hive interact locally, 

d.     Health

Within this category there are developments to improve 
the life quality of  people who either due to illness or the 
type of  work they have done throughout their life, have 
had a deterioration in their health at the psychomotor 
level.

e.   Rescue of  victims

In this category there are designs and implementations 
where the developments carried out within the other 
identified areas can be used (industry, health, safety).

l.   Locomotion

In [45], an application of  great global interest is 
shown, which consists on using rescue robots going 
through the task of  detecting victims in places that are 
in emergency conditions, specifically intended for the 
assistance of  rescue teams, such as firefighters or civil 
protection [46]. In the long term, the implementation 
of  a support system is sought, consisting of  a set of  
robots equipped with specialized sensors, such as 
infrared cameras, heat sensors, chemical sensors, 
remote control, among others, which would participate 
in the rescue tasks and maintain the security and 
integrity of  the personnel as well as the already evident 
applications in the military sector in extremely 
dangerous tasks such as dealing with explosives and 
inspection minefields among many others [47]. In this 
article the design of  the physical structure of  the robot 
supported by a solid study of  its possible locomotion 
and the possible means in which it will unfold, without 
forgetting the respective control stage to guarantee the 
delivery of  an off-road device is presented.

In the magazine of  the Technological Faculty of  
Francisco José de Caldas University, some articles were 
found highlighting the study of  CR for the rescue of  
victims.

On the other hand, [49] describes, on the whole, the 
important aspects of  parallel robots in order to have 
their applications known in different fields such as 
industry, architecture, mathematics that is required to 
analyze their mobility, kinematics, and dynamics. The 
investigations and future developments that can be 
carried out in the area of  robotics are described, from a 
wide literature review.
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[52] shows, a document that presents the stages in the 
development of  a positioning and detection system 
implemented in a teleoperated pilot for a boat, in 
particular the design of  a software developed in 
eMbedded Visual Basic 3®, for the location, on a digital 
map, the initial position of  the boat and its navigation 
route,  activation of  the positioning system, 
programming and execution of  the navigation 
algorithm in regard to two known points, and the 
detection of  obstacles.

generating an intelligence to solve a problem in a self-
organized way. That is why this article seeks to give a 
reference framework in the automation of  picking 
warehouses.

In [51], a proposal for an algorithm for trajectory 
planning using a model of  Brownian active 

24
particles  is presented. The artificial potential 
fields method possesses more popularity among 
the best known, but has a great disadvantage of  
presenting local minimums. The objective is to 
utilize a compact model that allows trajectory 
planning by evading local minimums.

For [54], a review of  commonly used techniques for the 
development and optimization of  the planning of  off-
line trajectories in serial robots is carried out. The 
information of  the bioinspired algorithms is extracted 
thanks to its use as a search and optimization tool in 
problems of  different areas of  knowledge and the main 
applications in planning of  off-line trajectories in which 
bioinspired algorithms have contributed as an 
alternative for the search and optimization of  solutions 
in trajectories of  serial robots is exposed.

According to the information gathered within this 
document, it is found that an emphasis has not been 
made yet regarding the part of  the communications to 
be used within the CR projects, for this reason a 
comparative table is presented through which a 
development within the telecommunications part to be 
used within existing projects and make some kind of  
improvement or new project can be performed.Within [53], a 2D localization technique for mobile 

robots is proposed. This mechanism is based on the use 

of  multiple transmitters and at least one receiver 
located in the robot. The scope of  the application is 
established in the need for a low cost in "disposable" 
robots for applications related to the detection of  
antipersonnel mines.

lll.     Possible communications to be used

24 Random movement that is observed in the particles that are in a fluid medium (liquid or gas), as a result of  collisions with the molecules of  said fluid

TYPES OF COMMUNICATION

Technology

 
Definition

 

Required elements Features Functioning Risks

GPS

 

Determines 
the position 
of  an object 
accurately.

- Satellite

 

-Trilateration

Stephanie Lizbeth Reyes Beltrán, Mónica Marcela Salamanca Bocachica, Gustavo Adolfo Higuera Castro 

-24 satellites covering 

the surface of  Earth

-To position uses 

minimum 3 satellites

-Height  20 200 km

-Period: 11 h 58 min 

-sSant: 55 grades (On 

land Ecuador).

-Estimated useful life: 

7,5 years

-Hour: 1 ns

-User capacity: 

Unlimited

-Coordinate system

The information that is useful to 
the receiver to determine its 
position is called ephemeris. All 
sate l l i tes  send the ir  own 
ephemeris containing their 
health, position in space, its 
a t o m i c  t i m e ,  e t c .
By trilateration determines the 
position of  the receiver. Each 
satellite indicates that the 
receiver is located at a point on 
the surface of  the sphere, with 
its center in the own satellite and 
radio the total distance until the 
receiver. Two satellites are 
determined a circumference that 
results when intersect the two 
areas at some point of  which is 
t h e  r e c e i v e r .  W i t h  t h e 
information of  a third satellite, 
removes the disadvantage of  the 
l a c k  o f  s y n c h r o n i z at i o n 
between the clocks of  the GPS 
receivers and the clocks of  the 
satellites and the GPS receiver 
can determine a position 3D 
accurate (latitude, longitude and 
a l t i t u d e ) . . . . . . . . . . . . . . . . .

-Signal delay in 
the ionosphere 
and troposphere.
-Multipathing 
signal, produced 
by the rebound 
of  the signal in 
nearby buildings 
and mountains.
-Orbital errors, 
where data from 
the satellite orbit 
is not completely 
a c c u r a t e .
- N u m b e r  o f  
satellites visible.
-Geometry of  
t h e  v i s i b l e 
s a t e l l i t e s .
-Local errors in 
the GPS clock.
.
.
.
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TYPES OF COMMUNICATION

Technology

 
Definition

 

Required elements Features Functioning Risks

GPRS

 
 

- Transfer rate up to 144 

Kbps.

- Permanent connection. 

Connection-setting time 

lower than the second.

- Point-to-point service 

(PTP): This is the ability to 

connect in client-server mode 

to a computer on an IP 

network.

- Point service to multipoint 

(PTMP): is the ability to send 

packets to a group of  

recipients (multicast).

- Short Message Service 

(SMS).

- Payment by amount of  

information transmitted, not 

by connection time.

GTP: GPRS Tunneling 
Protocol

SNDCP: Subnetwork 
Dependent Convergence 

AIR INTERFACE
DATA LINK LAYER
PHYSICAL LAYER

INTERFAZ BSS-SGSN
GMM/SM: GPRS 

MOBILITY 
MANAGEMENT/SESSION 

MANAGEMENT
.

- M o s t  G P R S 
connections run 
slower than 56k 
connections on a 
c o m p u t e r 
because of  the 
l imitations of  
G P R S 
t e c h n o l o g y .
- A l t h o u g h  i s 
possible to have 
s t rong  GPRS 
coverage in one 
place, is possible 
t o  n o t i c e  a 
d e c r e a s e  i n 
performance as 
you move by the 
distance factor 
i n v o l v e d  i n 
G P R S 
technology. The 
farther away you 
are from the base 
station, the more 
y o u r 
p e r f o r m a n c e 
falls.
.

Service 

oriented to 

radio links 

that gives 

better 

performanc

e to the 

switching 

of  packages 

in these 

radio links.

- Tw o - n o d e  G P R S 

support: The switching 

node (SGSN) and the 

gateway (GGSN) are 

c o m p l e m e n t a r y 

functions. SGSN is 

responsible for the 

m a n a g e m e n t  o f  

m o b i l i t y  a n d  t h e 

maintenance of  the 

logical link between 

the phone and the 

n e t w o r k .  G G S N 

provides access to IP-

based data networks.

-PCU (Packet Unit 

Control) is responsible 

for managing packet 

c o m m u n i c a t i o n .

-The GPRS backbone 

or IP-based backbone.

SONAR/
SODAR

Sonar can be 

used as a 

means of  

acoustic 

localization, 

operating in 

a similar way 

to the radar, 

with the 

difference 

that instead 

of  emitting 

electromagn

etic waves, it 

uses sound 

impulses. 

The audible 

signal can be 

generated by 

piezoelectrici

ty or by 

magnetostric

tion

Acoustic Base. 

(Transductor)

-Selection and 

switching.

-Transmitter.

-Receiver.

-Reading and 

processing of  the 

received signal.

- Depends on the environment 
and the receiving computer.
- The transmitter in an active 
sonar or the noise radiated by 
the target in a passive sonar.
1. Sound propagation: The 
elasticity module is sensitive 
to the temperature, to the 
dissolved concentration of  
impurities and to the pressure, 
being less the effect of  the 
t h i c k n e s s .
2. Reverberation:  With an 
active sonar, scattering is 
produced by the small objects 
of  the sea as well as by the 
background and the surface. 
May be interference activates 
that does not occur in the 
p a s s i v e  s o n a r .
3. Typical of  the target: The 
target of  a sonar, like a 
submarine, has two main 
characteristics that influence 
the  perfor mance of  the 
equipment. In the active sonar 
a r e  i t s  r e f l e c t i v e 
characteristics, known as 
"strength" of  the white, in the 
passive sonar, the nature of  
the noise radiated by the 
t a r g e t . . . . . . . . . . . . . . . . .

.

.

.

High-powered 

sonar emitters 

can affect marine 

fauna, but you 

don't know 

exactly how. 

Some marine 

animals such as 

whales and 

dolphins use 

sonar-like 

ecolocation 

systems that are 

active to detect 

predators and 

prey. It is feared 

that the sonar 

emitters may 

confuse these 

animals.

24 Random movement that is observed in the particles that are in a fluid medium (liquid or gas), as a result of  collisions with the molecules of  said fluid

Table 1. Types of  communication. Source: own.
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In the selected sectoral pattern, it is found that the 
largest number of  references cited by other articles is in 
the education sector that is equivalent to 30% in 
research with 4, in design with 3 and in development 
with 5. The successive sector that most references were 
consulted is in industry that counts for 25% containing 
control architecture 4 documents, in decentralized 
control 3 and in centralized control 3. In third place 
there is Rescue of  victims which is 22.5% with 2 written 
articles on locomotion and 7 published in the magazine 
Visión Electrónica. In fourth place it comes Security 
with 20% where there are 4 articles in location and 5 in 
detection. And coming to fifth place health with 1 article 
which corresponds to 2.5% of  the total of  documents 
searched.

In Latin America, research in Cooperative Robotics CR 
is recent, since it can be seen that in the period 
investigated within the last decade is where more 
documentation is found. In Colombia, most of  the 
projects developed are at the educational level; but it can 
also be included that all the developments and studies 
carried out can be implemented towards the rescue of  
victims using cooperative robotics.

[4]  C. Kube, H. Zhang and X. Wang, “Controlling 
Collective Task with ALN”, Proceedings of  
1993 IEEE/RSJ International Conference on 
Intelligent Robots and Systems (IROS '93), 
1 9 9 3 . 
https://doi.org/10.1109/IROS.1993.583112. 
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