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Summary
At present the use of robots has shifted from industrial to educational, training,
domestic and commercial, also becoming increasingly common to have specific
needs to adapt to general robotic systems. That attitude is motivated by the quest
for better economic efficiency, cost savings and a full repayment of the robotic
equipment with which account.

One of the most interesting educational applications in the field of UNED is the
interaction with remote laboratories. The ability to structure activities and
mechanisms for remote access to laboratory robotics student for educational
practices has been the main idea that has led this work, focused on the modelling
of a telematic control system of a robotic team, is considered a part of an eventual
PhD oriented development.

One of the most important issues of remote interaction is the control that the
user (the student in this case) can make the robot tests, but at the same time must
also be given control of the robot from the server to which it is connected in the
laboratory, and finally given the state of the art must be keep in mind the use of
devices and mobile terminals through which also allows this task. Reason for
keeping in mind, this paper deals with the modelling of a telematic control system
for robotic equipment.

This paper reflects, on the one hand, the theoretical structure of the model
approaching it from the perspective of reuse, cost savings, search functionality and
economy of time, and otherwise describing the practical experience of using this
methodology by employing a low-cost commercial robot that is readily available, a
mobile smartphone, and use free software to demonstrate how theoretical
modelling system is really working on a practical level. Something that in all Ph.D.
project described above will be useful in the short term to influence further into
the use of remote laboratories in addition to the system of distance learning and
distributed conducted from UNED.

The work includes complete exposition of the stages of modelling and a
practical implementation phase demonstrating its performance and cost data, time
and efficiency. At the same time includes a CD with complete documentation,
reference documents and application source code that was used in the practical
implementation of the system. It has sought to use at all times free software tools
and low cost to facilitate implementation and increase efficiency. Something
towards the development of the PhD project will help them adapt cited to any
system, and its use and distribution by the own UNED.
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I. Introduction
When it is needed to face the automation, [1], for a specific robotic process it must
evaluate several factors, utilities, objectives, actions and monitoring the results.
Currently undertakes the problem from a particular perspective and focused on the
process that is considered isolated and punctual. The widespread use of robots in
industry, education, home, etc.. has highlighted the need for some coordination and
organization at the time of starting the integration of robotic equipment in these
different areas, and the goal should be cost savings, efficiency, reducing errors in the
process and maintenance and more effective and productive monitoring.
The generalization of remote laboratories, [2], and reuse of learning objects [3], in
conjunction with the use of new technologies, [4], has made system modelling a basic
tool for achieving the purposes cited. At this point is where the process of modelling a
telematic control for system for robotic equipment becomes important. At the same time
the system should be attractive and easy to use by the user, who don't need to know the
complexity of its implementation, but use it efficiently (Figure 1). Likewise facilitate its
integration with new technologies to control it can be done through them by telematics,
[5].

Figure 1. The control system acts as a black box for the user

In educational environments the simplicity of interaction with robotic tools enables
the user, whether students or tutors, use this tool without spending too much time
learning but obtaining maximum advantage of the potential offered to comprehend,
understand or deep into the subject or topic they are studying or teaching. Exposure
modelling guidelines that are adaptable to any environment and situation, and are
defined in a particular way by the objectives set by the end user, it will allow to develop
any kind of process linked to any type of robotic equipment in any environment.
Throughout this work suggests different phases of modelling as well as the content of
each of them, integration and its importance within the set. Finally demonstrates the
functionality of the system proposed by the practical realization of modelling using a
commercial robotic equipment for monitoring household. With all this we conclude not
only the importance and need for this process to streamline, standardize and generalize
19

the implementation of such systems in these sectors, but also proves to be possible to do
in a short time by following a few steps.
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II. The importance of defining modelling
Proper implementation of a modelling allows optimally cover, [6], all the customer
needs, either an academic institution, an industrial, military environment or a home user
with specific needs, home care, supervision and care children, elderly, sick or disabled,
simple monitoring, research, etc.., and general guidelines transform a particularized
system to the customer.
For this reason the developed of modelling process is divide into the following steps
which will be discussed below:
a) Establishment of targets
b) Study of the integration environment.
c) Analysis of the robotic equipment.
d) Implementation of the system hardware and software.
e) Testing and system settings.
f) Maintenance of the system.
Each of them brings robustness and safety to the system, but at same time what give
it flexibility, something that; when we speak of technology; is necessary take into
account to guarantee the system update and the team, its continued improvement and
their adjustment to the needs in time. In this way, given the cost of buying a robotic
equipment in environments such as industrial, medical, commercial, educational, etc..,
allowed to amortize the robot to maintain its functionality in parallel to the evolution of
new technologies.

A) Establishment of targets
It is necessary to know the purposes for which you want to carry out the
implementation. In this case the main utility of the system is the telematic control of the
robotic equipment, but this need is given by certain objectives that the client wants to
achieve. Every work environment is different and the target list can be endless. It is
necessary to consider the skills of the equipment, the work currently being undertaken,
the usability for a new activity, or just the mere alternative use as a recycling of the
same, once it is no longer profitable for the main activity played . The analysis of this
point requires asking the right questions:
1. - Wok environment: not the same controlling a robotic equipment to pick up on
the conveyor belt of active surveillance robot that travels through the workplace, [7], or
a robotic system intrusion detection motionless, or guide a robot that greets museum
visitors, or a robot that is isolated in a laboratory and is only intended to learning
sessions or predefined controlled trials, [8]. Nor is the same an industrial environment of
an industrial conveyor belts and open spaces, that of a domestic environment in
confined spaces with multiple obstacles, or laboratory where the robot is limited to
space travel defined in advance, or an open space in which the robot has to perform
simulations or rescue activities or location by land, air or sea.
21

2. - Existing Communications: in the same way be defined existing communication
systems in the work environment, benefits and disadvantages of the use of wireless
systems, [9], [10], or cabled and the possible implications for interference, remote
control decisions for physical cable through internet access, within the same corporate
network, locally or via mobile devices or desktops, [11]. Clearly the communications
and environment play a fundamental role in the physical limitations of robotic
equipment. The use of this will also be decided in terms of these constraints.
3. - Objectives and utilities for your computer: must be defined in order to use the
equipment. This should indicate the performance area (a desk, a production line, the
length of a conveyor belt, a rescue environment, [12], or military, water, land, air, etc..),
defining the activity that is being spent on equipment (monitoring and control, security,
packaging, collection, user guide, training, simulation, extraction, etc..) taking into the
equipment's main activity as a priority, and valuing, in the If you want to use it for a
number of activities which will be the priorities for use against the main and the
importance it will have each of these on the final result.
The system is to particularize that environment and those objectives. You need to
understand that the relationship between the three factors mentioned (Figure 2) will be
the basis for development of the entire system. Therefore, the developer must define
them previously, with the client. A proper understanding of the final objectives, specific
explanation of customer needs, establishing priorities prior to use and a clear statement
of the activities to be performed by the robot equipment will help with this task.
This phase should be regarded as very important in the process, because if you
misunderstand customer needs and don't parse correctly the workplace of equipment or
not referenced properly priorities for action, the other stages will lead into a system
incomplete, inaccurate, or invalid. It is advisable, therefore, to devote the necessary time
and properly document the final decisions at this stage to avoid misunderstandings,
delays or a future cancellation of the project, even before treatment has stopped.
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Figure 2. Relationship Objectives-Communications-Environment

B) Study the integration environment
Defined the work environment can analyse the integration environment. It is defined
as the place in which the robot team must develop their work, as opposed to mere
physical place that was analysed in the previous section, in this case we must deepen
factors directly related to the activity to be performed:
1. - Interaction with other robotic equipments: be defined integration needs in
robotic production lines, automated transport equipment, conveyors, automated welding
tools, milling services and automated cleaning robots, etc.., and wiring them all if any.
Concepts such as the degrees of freedom of the equipment in question, and the extent or
breadth of its radius or its arc of action, are important to avoid conflicts, duplications,
noise and accidents. But in other environments to treat as training or assistance should
be given to the use of other tools such as cameras, laboratory environments, testing
areas, existence of interference, wireless or wired, should use in hospitals will to
consider the operation of radiation equipment, frequencies, cardiovascular monitoring
systems, etc.., and generally in all areas should be assessed the existence of residual
frequencies caused by the use of mobile terminals nearby, lack of shielded cables, use of
optical communications, among many other factors of each environment to analyse.
Definitely must adapt new and existing equipment to ensure safe and efficient operation.
2. - Interaction with humans: in this case it is important to establish the conditions
under which they will present the introduction of the robot in the workplace, [13]. Avoid
in any case the robotic equipment confrontation with workers, [14]. Formative
mechanisms exist that will help transform the robot into a useful tool facing the worker,
[14], never exclusive and always complementary [15]. In educational environments
should be provided to the educator and the student's prior training new robotic tool. In
both cases you should always try to integration, [16], is as quick and easy as possible,
and qualifications is the best way to do this, especially when we consider the formation
23

of university students in recent years that have just, or shortly access, to the labour
market, [17], [18]. Given the unpredictable nature of human beings, this section is of
particular importance when there is intensive robot used by them. It is important to raise
awareness of the use of the robotic equipment as a tool. Something that it is looking for
help to better perform common tasks in the workplace, a new possibility to further
deepen the study or learning of a subject, and as such must be specified tool which are
rules of use, their characteristics, specifications, hazards (if any), and its working limits.
The best in these cases is that the necessary training emphasizes safety concepts,
combining practical actions with user potential oversights that may arise. Obviously
never going to be able to cover all the possible variables, but allow the user to perceive
the importance of proper use of robotic equipment, and learn to respect and consider it a
useful tool from the beginning.
While physical integration may be problematic in the short term, by the fact define
obstacles and tools use areas, medium and long term should prevail integration with
humans and that basically will be those who will interact, [19 ] with robotic equipment
more directly. A leisurely explanation, clear and complete on time, [20], [21], may
lengthen this phase but can provide lasting benefits and stable use of the system (Figure
3).

Figure 3. Integration process with other equipment and robotic humans

C) Analysis of Robotic Equipment
This phase answers the robotic equipment depth knowledge. This requires care for
their features hardware and software. Each robotic equipment has its own
characteristics. Is not possible to set new options or profits without prior knowledge and
about robot skills. A proper study of its characteristics will reveal the limitations of the
24

equipment and the possibilities it offers. Within this point are due distinguish different
types depending on the hardware and the software used.
1.- Hardware
a) Hardware owner: usually the robotic equipment supplier will provide an
instruction manual and equipment characteristics. Is advisable that facilitates also the
data sheet of microprocessors used and all that information necessary to developer can
implement the system coherently. If not, it should request such information as part of
the implementation of the process of analysing the hardware. If safety criteria, or patent,
that are not covered by the purchase of equipment or payment of maintenance will
require that a technician from the supplier makes the necessary changes leaded by the
developer, to ensure operation of the equipment with the control system. In last case
must be taken into account the prior budget of this process and the existence of
conditions for subsequent doubling of development. If you can not make the necessary
changes or the provider fails to cooperate with requests for information, or the cost of
the service provided is very high, it could choose to perform equipment modifications at
your own risk, losing its warranty, or well, and the most recommended, use another
computer in the robot to do the changes.
b) Free Hardware: cards as Arduino, [22], reflecting that the use of free
hardware can sometimes help us with the implementation of the system. Normally data
sheet board is documented and accessible and there is large number of online forums
and development groups that can provide information on specific implementations or
hardware customization. If domestic or educational environments can be a cheaper and
customizable tool than proprietary hardware. This case will allow greater flexibility and
a wide range of options for including new modules and functionalities on the computer.
It is the most recommended option and allows replication of changes in new equipment
without incurring the problems seen in the case of proprietary hardware. Requires a
greater involvement in the development process, but also greater freedom when facing
it.
2.- Software
a) Proprietary Software: is usually tied to proprietary hardware, but not always.
Industrial robotics companies usually implement specific software for specific
hardware. In such cases the documentation provided also often under patent, [23], is
often very little informative. However maintenance service paid for those equipments
usually include attention to custom software applications on computers. As in the
previous case the developer and coach should contact vendor to implement the new
software via telematic control requirements introduced by the new system. Again need
to address the costs of the process, and the limitations on the information provided by
the supplier. In these cases it is common the existence of specific software modules
(available for purchase or rent) for the computer hardware, [24]. Also be taken into
account that additional costs when defining the profitability of the system
implementation.
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b) Free Software: accessible through manuals, internet and technical forums. It
is also possible that a proprietary hardware is controlled by free software. In some cases
they can even be internal forums on the website of the dealer or vendor you can swap
modules for different robotic equipment, [25]. Requires greater customization work by
the developer and must be closely linked to technical knowledge of computer hardware.
Free does not mean it is free, but usually is a fraction of the cost of proprietary software,
and in any case always easy to integrate into educational environments, educational or
domestic, where the amortization of the system is measured differently to industrial
valuing social aspects within the economic, [26]. At the same time if you use a
community to share code or modules, the development process can be made lighter or
you can simply allow improvements that otherwise would lead to a greater number of
hours. The social aspects of work with free software are difficult to predict, but in the
medium term may impact on better utilization of hardware base for which is being
developed by the synergy of teamwork that of the associated.
In some cases it is necessary to use a combination of the factors above. As indicated
software and proprietary hardware and free in current technology are intertwined. Many
times it is difficult to define each other, so it is not ruled out that they have to find a
balance that will guarantee adequate efficiency in relation to the cost associated to
optimize the implementation of the control system in question. Recall that the flexibility
and adaptability is one of the essential factors of development of this modelling.
The more knowledge about the equipment can be purchased, the better and faster you
can proceed to the implementation of the system (Figure 4). In certain cases will require
the collaboration of a multidisciplinary team to expedite this process, which will join
forces, mechanical, electronic, software, etc.., so that the end result meets the customer's
request. The collaborative work, distributed or not, generate a better understanding of
the equipment and the system itself to develop. Eventually this would result in increased
use of both. If we talk about an educational environment, the process will acquire a
greater willingness to be replicated in similar environments at a lower cost.
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Figure 4. Knowledge about robotic equipment

D) Implementation of the system hardware and software
At this point it is ready to proceed with the implementation of the requirements of the
system (Figure 5). A thorough study of hardware and software, selected the equipment
and tools needed to address it, and how to do it defined, you can start working directly
for converting the current equipment into the equipment for compliance with predefined
objectives . To do this we must also consider the two distinct areas mentioned in the
previous point.
1.- Hardware: is sometimes necessary to add to the existing robotic equipment some
hardware modules to adapt the equipment to the new conditions, [27], in this case are
those that facilitate communication and telematic control. To do that, choose the right
components based on the needs and uses studies being done. I explained the importance
of defining the use of wireless or wired systems, but also should add modules to
perform the tasks related to the objectives defined, extensions to allow mobility of
equipment (wheels, tracks, sliders) for collection objects (tweezers, vacuum cleaners,
hooks, magnets, pressure sensors) for visualization and control of environments
(cameras, motion sensors, temperature), communication (sound card for sending and
receiving audio, audible alarm enable , hazard or warning systems, LED or LCD display
to show or receive data, external keyboard, USB, COM), etc. in short everything
necessary to set in software after the previously stated objectives. Also, in the case of
hardware owner must take into account compatibility to integrate systems. This
compatibility is usually defined in advance by the manufacturer, but if not, should be
known prior to the addition of the new modules in the robot team.
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2.- Software: code implementation to develop the environment for communicating
the system, [15], reply to the use, in each case, appropriate programming language, [10].
Environments owners offer their own programming language more or less adapted:
Parallax PBASIC, KUKA Software, Software Lego Mindstorm based on LabView for
Lego, [28], Microsoft Robotics, etc. Related to open source environments common
languages used in their implementations: MATLAB, URBI, JAVA, C, C++, Python,
even assembler in some cases. A very important part of this section is to interrupt
handling and proper implementation of the error messages. The correct treatment of
these allow adaptation and correction system much more quickly and safely. Another
recommendation here is to implement the objectives of a modular system. That will
allow to add or remove features in robotic equipment depending on customer needs.
Facilitate integration with other robotic equipment to apply the same modelling process,
and will gain in efficiency. The software implementation of the proper use of comments
in each of the phases of the same, and proper organization of the modules, libraries and
functions that are used during development, will allow future changes, improvements
and maintenance are performed in the best possible way and as quickly. Since the
objective is to reuse and efficiency, information on how it was done the first
implementation of the system should be properly documented, modularized, organized
and tidy.
In any case prior to final assembly, or even own software implementation, you can
use simulation programs, [29], to check if the changes to be made are effective and
comply with the defined objectives and the way you want, or if you need further
adjustments, or if it has been overlooked variable in the environment or in the
configuration of the computer, which should count or requiring changes to the overall
system approach. Some programs, such as Webots, are oriented specifically to
educational environments in its basic version, free of charge, with an extensive library
of PC computers simulated robot for testing them (Nao, Aibos, Bioloids, Boe-Bot, epuck, HOAP-2, iRobot Create, Katana, Kheperas, Koala, Kondo KHRs, etc.), [30],
others as COSIMIR, CIROS, ARENA Simulation or Flexsim is used to play robots and
industrial environments or fully customized industrial, [10]. In both cases, allows the
import of custom robots from software design and modelling of such objects Autocad,
SolidWorks, Blender, 3D Studio Max, etc. It is not always necessary but, to certain
systems complex, the previous simulation facilitates the implementation, increasing
efficiency and saving development costs.
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Figure 5. Implementation of new necessary hardware and software

E) Testing and system settings
Once implemented the hardware and software of the highest priority telematic
control focuses on testing and performance testing. It is need to check that all work
performed meets the expectations expected. This point is particularly an important
documentation of the previous steps, you can locate good documentation errors and
adjust, in a faster and more efficient. Tests should be adjusted based on the stated
objectives. If possible should be done with the future user of the system to enable it to
propose possible adjustments to the interface, or suggest situations that have not been
considered previously in the previous phases. Continuing with the case in question,
telematic control can serve different options, some of which are listed below:
- Education and training: Full computer use remotely, either from within the
Intranet, or the Internet anywhere in the world. In this case requires that the
functionality of the equipment is as complete as possible to pupils/students can learn to
control the team as a whole, [31], or at least learn to work with software development
needed in each case , [32]. In a situation of this kind play an important role the security,
controlling and monitoring the implementation of the system. Current technology has
many tools to ensure proper access to the system by the user and authorized personnel,
but at the same time should be to find a balance between the difficulty of the access
interface and delays for data validation and exchange and security risks in the system. It
is always recommended that ensure maximum security, and if necessary, adapt a custom
interface for the user. It is recalled that in this work what is looking for is that the
system acts as a black box between the user and the robot team, bringing the final
objectives must be achievable keeping that premise throughout the modelling. If at some
point in development this goal has faded, the timing is perfect for back to it before
finalizing the development of the system.
- Monitoring and supervision: Using motion sensors, adjustment thereof, camera
control, movements of them, etc. all guided remotely by accessing local or remote
29

telematic. For assistance or care of children, elderly or infirm inclusion and control of
sensors to measure the patient's temperature, neuronal frequency control, cardiovascular
calibration, etc., should be part of these tests to minimize false positives , but mostly
false negatives, since at stake is the life of people. Again direct application on the end
user is essential to check the correct operation of the system. Simulators can be used for
diagnostic or simply perform field tests with healthy subjects to take test data, in any
case given the importance of these services not only have to take into account the very
security of the system, but the effectiveness of same. While you are using a previous
software has been adapted to improve or increase services robotic equipment, you must
check that the final results are ensuring that the efficiency equipment had before the
changes have been made, if you have not managed to improve this.
- Interaction voice or audio: On the case of guide robots, [33], [34], in which the
need for greater interaction with the user, you need to check if the transmit and receive
audio are consistent and not interfered. At the same time we must analyse the end-user
response, if the movements, expressions or the actual route of the team is right and
expected, if the interaction with humans runs the service that is right, and if the team is
prepared for possible problems that may occur in this interaction: hitting or tripping of
users, problems in system power, spill liquids on its surface, handling enabled touch
screens purpose. At the same time you should check if the data load is simple enough
for users of the work environment, if you meet the defined expectations to start
modelling or if further adjustments are necessary.
- Other specific features: given the versatility of the system modelling, this
includes the rest of the functionality required by the client and been exposed to the
initial objectives of the process, including possible domestic utilities if that is the case
[35]. Also the combination with other skills such as those required for rescue in
hazardous areas or war, the joint use of electricity services in environments fuel or air,
sea or land, the use of equipment such as cargo transportation system, among many
others. The testing phase will verify compliance with the limits established service and
provided environmental conditions, such as volume data load, temperature of operation,
data acquisition levels in the sensors, adaptation to the environment, etc., Should
defined finish at this stage to terminate the previous deployment work by the robotic
equipment included with the new settings.
Previous deployment spoken because this section responds to a continuous feedback
process (Figure 6) which aims to achieve greater efficiency in the actions to take and
check the operation of hardware and software system in all cases requested (or at least
for most of them). Included, of course, verification and management of errors and
interruptions that have already been taken into account the planning and implementation
of the software, subjecting the robotic team to situations where there is a known error
procedure scheduled let you know if the answer is desired and if the notice to the user is
correct and understandable by it (a warning or alert screen, a red light flashes, an
audible warning, a mixture of them all, etc..). Also reviewing the use of servos, LED
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lights, audio alerts, cameras, speakers, microphones, systems maintenance, batteries,
remote charging bases, etc., should be tested as part of this phase, as software and
hardware must be properly integrated to ensure proper operation.
In a system of telematic control the robotic equipment must be able to manage
themselves as necessary (interruption of communications, electrical power failure, lost
connection to the control system, etc..), but should also allow the user to Full remote
control (send activation order or stop, launching batteries recharge warning, move the
equipment to a safe area in case of failure, etc..), so it is recommended to test the largest
number of events and possible events during this phase . Once it achieved the desired
results may be concluded that the system meets the objectives and is ready to be used
widely.

Figure 6. Feedback process

F) System Maintenance
Finally, the modelling should allow the fitted, flexibility and adaptation of the system
over time and to different changes in its environment. Following the previous
guidelines, will ensure that, this being a cyclical process, a minor change in the
objectives or the environment will require minor modifications to the hardware or
software, and almost no change in the implementation of telematic control . More
drastic changes will mean significant changes conditions in hardware and software but
may cause small changes in the telematic control. Only an important transformation of
communications force us to modify our telematic system. However, and even then,
given the experience of the first implementation of the system modelled, times, costs
and delays motivated by this new situation, always be lower with this modelling
process, that is suffer in the same situation if it does not exist.
Generally system maintenance should be parallel to the increase in the functions of
robotic equipment. Compliance with the recommendation of modularity facilitates this
process. Regarding the work already in place, the operator or the customer may receive
any malfunction or improper system if it has respected the implementation phase
aforementioned error. The aim is to facilitate the interaction with the robotic system to
those who do not have to possess advanced technical knowledge about the equipment.
At the same time will keep your computer updated delaying obsolescence, allowing
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higher amortization of the same, which is beneficial for the sustainability of the system
(Figure 7).

Figure 7. System Maintenance
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III. Implementation of a coherent system
As shown in this work is necessary to implement a system coherent with the needs
reflected in the modelling, but at the same time the system has to meet some basic
features that have gone ahead:
1.- Flexibility and adaptability: the system must be able to adapt to new needs. This
process must be performed without excessive adjustment costs and if possible in an
agile way.
2.- Modularity: setting hardware and software modules provide flexibility,
maintenance and correction of the system as necessary. At the same time provide the
possibility of replication saving costs in the process.
3.- Simplicity: the system must be understandable and facilitate their supervision by
unqualified personnel. Proper implementation of warnings and errors is essential for this
feature to be fulfilled. A proper GUI can help whenever possible.
4.- Functionality: objectives must be met initially exposed in modelling. As already
mentioned, they must be clearly defined and which form the basis of the system.
5.- Efficiency: is better to stick to concrete and achievable objectives that generalist
objectives that complicate the implementation to the point of damaging the ease of use
or limit the functionality and flexibility.
6.- Economy: used as modelling tools and adapting existing equipment and to
facilitate their control by computer, the result of implementing the system will be less
expensive and thus more economical.
Modelling, which has been exposed along this work, corresponds to a cyclic
evaluation system is fed in each phase (Figure 8), but it is in the test phase and system
settings where that feedback is more important and is more visible. Supports each stage
to the next, hence the importance of moving forward progressively, without jumps, and
devote adequate time to each. In general the early stages ("Definition of objectives" and
"Study of the environment") require a more intensive time commitment as it is
necessary to know what is to be achieved and what is the starting situation presented at
the beginning of the process .
The next steps ("Analysis of robotic equipment" and "Hardware and Software
Implementation") are more labour intensive and require a higher burden of
specialization because it is necessary to know thoroughly the equipment before
proceeding to make the necessary changes on it.
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Finally the last stages ("Tests and Adjustments" and "Maintenance") use multiple
factors to ensure on the one hand that the desired system works and that its maintenance
will be adjusted to the needs temporarily.

Figure 8. System Modelling Cycle

Importantly, the relationship between the phase of "Tests and Adjustments" and
the "Definition of objectives." As can be seen are closely related, so much so that if in
the testing phase we see that something is not working or responding as expected
initially, it may be necessary to redefine the initial objectives and modify previous work,
resetting the system .
The modelling can manage a complete system that is evolving and is fed. The
explanation is trivial, in a market like robotic equipment, software and communications,
you need to be updated. Changes occur very quickly in a very small time interval, so
that if the development or implementation of the system are extended longer than
anticipated, it may be necessary at first to update the system, something that will be
addressed in the analysis of time that takes place in the same work.
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IV. Modelling efficiency begins with its implementation
Using a modelling systems to stay in the theory and no allow measures in practice
the real possibilities of implementation it is not useful. That is the reason that the
modelling described in this work has been to reality. This section will analyse step by
step each of the sections listed above and their implementation time and problems
encountered during the development. This shows that the system works in practice
statement. It should be emphasized that the application developed is a for educational
use. It has served the graphic design versus functionality, because the objective is
merely academic and demonstrative, and not commercial. It is clear that real
development should take care both functionality and visual appearance or commercial
development in question.

1. Definition of the objectives
In this case the aim is to study the telematics control implementing on commercial
robot. Robotic equipment comprises a robot model from Mecano company, namely
Spykee, [36]. For this, the following definitions applying:
 Work environment:
o Domestic use for surveillance, which involves travel surveillance area,
area monitoring in real time by camera, issuing warning notices.
o Common obstacles in an address, carpets, furniture, walls, doors, etc..
 Existing Communications:
o Router
Wi-Fi standard, personalized and password-protected
transmission WPA and MAC definition. Wi-Fi receiver's own robotic
equipment compatible with standard commercial systems.
 Establishing control objectives.
o Remote connection equipment via smartphone, Andoid operating
system electronically, initially in local mode.
o Use of the following equipment features: motion, Wi-Fi, making
sounds, live webcam, automatic search the charging dock station.
o User controlled advance, except in the case of the automatic search of
the dock station.
With the above analysis has been defined the starting point and objectives. The
following steps will enable to know the possibilities pf the equipment and whether or
not carrying out such unrealistic objectives, or what changes are necessary to do so.

2. Study of integration environment
Unlike the previous section will be discussed in this case the interaction with the
basic elements of the surroundings:
 Interaction with other robotic equipment:
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o In this case there are not other robotic equipment that may affect the
direct operation of the robot.
o There are household machines whose operation can be issued with
residual frequencies as televisions, computers, etc.., However the
interference are standardized and its effect should not be problematic.
o The use of other equipment such as vacuum cleaners, and other wired
of the home, recommend establishing a proper camera angle to avoid
obstacles during the telematic control.
o Proceed to configure the router home with the respective data of
robotic equipment to verify proper operation of this (Figure 9) with
established safety conditions usually in the router . The router is a
model COMTREND ADSL Router with software version A111306TLF-C02_R16 and driver version Wireless 4.150.10.5.cpe2.0.

Figure 9. Configuration of the robot into the router adding its MAC (numbers
have been distorted for security)

 Interaction with humans:
o Since the team is oriented to surveillance is difficult to produce a
human interaction during the current operation. However because the
control is performed by the user, the same recommendation that has
been established for wiring elements is indicated in the event of
humans in the path of the robot during its service.
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Defined the environment should be addressed technical study and evaluation of the
possibilities of implementing the system.

3. Analysis of Robotic Equipment
It should at this point make the analysis of hardware and software with account, prior
to the implementation process.
 Equipment hardware analysis: It consists of the robotic equipment itself
capable connection via Wi-Fi, webcam, sound emission and reception of realtime activity via LED light, and movement.
o Proprietary Hardware: PCF50633 Phillips uses for power control and
load of battery, the motherboard is based on the CNX 111 WaveStorm
with 200MHz ARM9 processor with 802.11b, 802.11g and USB2.
The biggest problem is that the manufacturer of this board no longer
exists, is not supported on it and there are no references to data sheet
which can clarify the operation of it.
On the other hand the working voltage pin serial connector of the
equipment, with features 38400 baud 8-N-1 and J2 connector: TX |
RX | GND; works at 3.3 volts, so if is need to attack the board should
be to use an adapter to avoid blowing it in the process.
o Free Hardware: No free hardware used.
As an example of one of the problems that had to be solved during this work and to
show the importance of internet forums, [37], as far as concerns robotic equipment,
indicates that this robot has been marketed since 2006. Initially and through the
manufacturer's own software, through user registration and number Robot MAC, you
could assign a name to it in the manufacturer's servers, and then using that name and the
right software, the user could connect remotely to the robot from anywhere. Trying to
check this service during the preparation of this paper, the system did not work. After
several days of exhaustive search through the internet, and the unsuccessful sending
several emails to manufacturer no response, an email found, a user who once had the
same problem, as of 2009, [ 38], which clarifies that the manufacturer discontinued the
service after a massive attack on its servers in 2007. Fortunately explained in the same
mail, using the host Reference and through port 9001, and following the reference
manual, you can also control the robot through its software, from anywhere. It has been
proven that it is, and proper operation.
The above anecdote shows how important
equipment before boarding their adaptation for
hardware also has its secrets, and these must be
to avoid surprises and weigh the possibilities,
required in each case.
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is a comprehensive study of robotic
telematic control. As can be seen the
discovered before starting the process,
feasibility and costs of modifications

 Equipment Software Analysis:
o Proprietary software: The control software is distributed freely. No
specific software for telematic control via smartphone by the
manufacturer. However there is a private company that develop
applications for smartphone, which distributes prepaid software for
this, [39], breaking with the open source philosophy that advocates the
robot manufacturer. This software does not support or guarantees of
any kind by the company and has not been updated in years.
o Free Software: As said the kit comes with its own software for PC
control. An interactive interface to control the robot and distributed
for free from the manufacturer's website, [36] . This software
supports only Linux, Windows or Mac For mobile terminals via
telematic control there are some isolated attempts several years ago,
both for smartphone, [40], and for iPhone, [41], made by individual
users, who have not led to anything concrete. Despite these efforts
provide valuable information about the operation of the software,
which will facilitate the work of implementing the system code.
To control the firmware the manufacturer distributes the sources to compile its own
firmware via Linux. While both the code and basic instructions are distributed free, it is
needed advanced knowledge of hardware and Linux to compile it. However information
about functions, features, interruptions, etc., has been helpful to develop the telematic
control software that has been made, [42].
No original firmware version available for the robot, and the version on the website
of the manufacturer is damaged and does not work, [43].
Given the age of the equipment most of the projects that were initiated at the time to
control it, have gotten stuck, [37]. But at the time it was collected much information that
has been very helpful to speed up the process of implementing the system, reducing the
time needed for it. Disregarding the data sheet of the motherboard, information forums,
however old it may be, and the sources of firmware, have been essential to learn more
about the equipment and to implement successfully the robotic system.

4. Hardware and software implementation.
Once you know the equipment is going to determine what you need and what
changes should be made to adapt and achieve the desired objectives:
 Hardware: Since the material and components used spare no possibility today, it
establishes the premise of using what already exists on the equipment with the
least possible handling in it. Only in the event that this does not work, we
propose to add modifications using free low cost hardware, such as Arduino
boards. In this case the robotic equipment preparation requires only follow the
assembly instructions of it, which facilitates free by the manufacturer, [42]. The
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process is simple and is a step by step from the testing of the materials that make
up the equipment to the stages of assembly.
 Software Established the no modification of the hardware, the implementation
turns in using the software as a basic tool for adjustments and changes. It
examines each of the objectives and implementation of code performs required to
access the functionality to carry them. This process has been performed using an
environment with Windows 7 Operating System, [44], 64 bits on a desktop
computer with 4 GB of RAM, Intel (R) Core (TM) 2 Quad CPU Q8300
2,50GHz. It has been used as IDE NetBeans IDE 7.0.1, [45], with JAVA
jdk1.6.0_26, [46], and Android-sdk 20.0.3 with 4.0.3 Android API 15, [47]. The
software has been developed in this paper is distributed for educational and
demonstration purposes as free and open software with GPLv3, [48], with all that
this implies for the advertising of the sources and references. Also the software
mentioned can only be distributed with this work, and with the prior approval of
the Department of Electrical, Electronic and Control Technical School of
Industrial Engineering, UNED, and its author, as it is part the same and has been
developed for a better understanding of it.
o Connection: It is the most important part of the system. Given the
existence of an internal Wi-Fi node in the equipment, it has been used
to connect to it. For this we have followed the same process used in
the original equipment software. From the analysis of the firmware it
decides to use several functions in Java to manage the connection.
First launches package IP access to which is connected the robot,
after receiving the response is sent login information and password
and, if correct, access is allowed and jumps into activating robot. One
can appreciate the Java code that gives rise to the functions managing
this service (Figure 10).
If at any time there is a connection error, the screen will display
the reason for it.
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//Connection Manager with the robot
public void connect(String host, int port, String login, String password)
throws UnknownHostException, IOException
{
Log.d(TAG, "connecting to " + host + ":" + port);
mSocket = new Socket(host, port);
mOutput = new DataOutputStream(mSocket.getOutputStream());
mInput = new DataInputStream(mSocket.getInputStream());
sendLogin(login, password);
readLoginResponse();
startNetworkReaderThread();
}
/...
.../
//Send the login and password data
private void sendLogin(String login, String password) throws IOException {
int len = CMD_LOGIN.length + login.length() + password.length() + 3;
byte[] bytes = new byte[len];
System.arraycopy(CMD_LOGIN, 0, bytes, 0, CMD_LOGIN.length);
int pos = CMD_LOGIN.length;
bytes[pos++] = (byte) (login.length() + password.length() + 2);
bytes[pos++] = (byte) login.length();
System.arraycopy(login.getBytes(), 0, bytes, pos, login.length());
pos += login.length();
bytes[pos++] = (byte) password.length();
System.arraycopy(password.getBytes(), 0, bytes, pos, password.length());
showBuffer("send", bytes, bytes.length);
sendBytes(bytes);
}
//Return the response to the login sent
private void readLoginResponse() throws IOException {
byte[] bytes = new byte[2048];
int num = readBytes(bytes, 0, 5);
showBuffer("recv", bytes, num);
//The fifth byte is the number of bytes remaining to be read
int len = bytes[4];
num = readBytes(bytes, 0, len);
showBuffer("recv", bytes, num);
if (len < 8) {
return;
}
int pos = 1;
int nameLen = bytes[pos++];
String name1 = new String(bytes, pos, nameLen, "ISO-8859-1");
pos += nameLen;
nameLen = bytes[pos++];
String name2 = new String(bytes, pos, nameLen, "ISO-8859-1");
pos += nameLen;
nameLen = bytes[pos++];
String name3 = new String(bytes, pos, nameLen, "ISO-8859-1");
pos += nameLen;
nameLen = bytes[pos++];
String version = new String(bytes, pos, nameLen, "ISO-8859-1");
pos += nameLen;
if (bytes[pos] == 0) {//Detec if robot is on dock station or not
mDockState = DockState.DOCKED; //On dock station
} else {
mDockState = DockState.UNDOCKED;//Out of dock station
}
Log.i(TAG, name1 + " " + name2 + " " + name3 + " " + version + " docked: " + mDockState);
}

Figure 10. Source code of switch functions
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o Motion: In the task of security is necessary to ensure the movement of
the robot for the workspace. This is implemented for controlling the
robot towards the directions front, back, left and right through the
emission of pulses for better control. As in the previous case is also
shown the relevant code (Figure 11).
//Management of robot movement
public void moveForward() { //Hacia adelante
mCmdMove[5] = (byte) mForwardSpeed;
mCmdMove[6] = (byte) mForwardSpeed;
try {
sendBytes(mCmdMove);
stopMotorAfterDelay (300); //Breaks
milliseconds
} catch (IOException e) {
}
}

movement

of

300

public void moveBackward() { //To back
mCmdMove[5] = (byte) (255 - mBackwardSpeed);
mCmdMove[6] = (byte) (255 - mBackwardSpeed);
try {
showBuffer("moveBack", mCmdMove, mCmdMove.length);
sendBytes(mCmdMove);
stopMotorAfterDelay (200); //Brak movements of 200
milliseconds
} catch (IOException e) {
}
}
public void moveLeft() { //To left
mCmdMove[5] = (byte) (255 - mTurningSpeed);
mCmdMove[6] = (byte) mTurningSpeed;
try {
sendBytes(mCmdMove);
stopMotorAfterDelay(200);//Break
movements
milliseconds
} catch (IOException e) {
} }
public void moveRight() { //To right
mCmdMove[5] = (byte) mTurningSpeed;
mCmdMove[6] = (byte) (255 - mTurningSpeed);
try {
sendBytes(mCmdMove);
stopMotorAfterDelay(200);//Break
movements
milliseconds
} catch (IOException e) {
} }

of

200

of

200

Figure 11. Source code of Motion Function

o Webcam: It provides visualization functionality via webcam in real
time as a tool of surveillance task to perform. That will also help to
control the movement of the robot on an environment with obstacles
without problem. Shows the code that handles the display of the
camera image in real time (Figure 12).
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}

//Start the camera
public void startVideo() {
try {
sendBytes(CMD_START_VIDEO);
} catch (IOException e) {
}
}
//For the camera
public void stopVideo() {
try {
sendBytes(CMD_STOP_VIDEO);
} catch (IOException e) {
}

Figure 12. Source code of Camera Functions

o Sound: It used several warning signs that the equipment itself has by
default on its system. These signals will be useful to indicate a
warning or just to check that the system works properly. The code
below shows the available audio options (Figure 13).
//Start the audio
public void startAudio() {
try {
sendBytes(CMD_START_AUDIO);
} catch (IOException e) {
}
}
//For the audio
public void stopAudio() {
try {
sendBytes(CMD_STOP_AUDIO);
} catch (IOException e) {
}
}
//Sounds the Alarm
public void playSoundAlarm() {
mCmdSoundEffect[5] = 0;
try {
sendBytes(mCmdSoundEffect);
} catch (IOException e) {
}
} /... Other signals related .../
//Make Robot noise sound
public void playSoundRobot() {
mCmdSoundEffect[5] = 5;
try {
sendBytes(mCmdSoundEffect);
} catch (IOException e) {
}
}

Figure 13. Source code for sound function
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o Autonomous charged: In the robot software is possible the
autonomous search for the charge dock station when battery is low.
This same system has been used together with the actual data load at
every time. Once load levels show values below 10%, or at any time
of use, it allows the user to send the robot automatically charging
order, which activates the automatic search of dock station by infrared
sensors, and directs the robot to proceed to the charge. These
functions activate the search option and start charging the robot
(Figure 14).
//Set the robot to fly out from dock station
public void activate() {
if (mDockState == DockState.DOCKED) {
undock();
}
startVideo () ; //Start the camera
startAudio () ; //Start the audio
setVolume (DEFAULT_VOLUME) ; //set the default volume
}
//Send the order to return and seek dock station
public DockState getDockState() {
return mDockState;
}
// Status 'charging'
public void dock() {
try {
sendBytes(CMD_DOCK);
mDockState = DockState.DOCKING;
} catch (IOException e) {
}
}
//Status 'not charging'
public void undock() {
try {
sendBytes(CMD_UNDOCK);
mDockState = DockState.UNDOCKED;
} catch (IOException e) {
}
}
//Cancel charging
public void cancelDock() {
try {
sendBytes(CMD_CANCEL_DOCK);
mDockState = DockState.UNDOCKED;
} catch (IOException e) {
}
}

Figure 14. Source code interaction functions with charging dock station

After the installation and implementation of the equipment, it must perform the
preliminary operational checks. It verifies that the assembly is right, performed basic
tests and checks on the correct operation of the robot using the software provided by the
manufacturer. This verifies that the robot is fully operational. Furthermore verifies the
correct compilation of software, eliminates syntax errors that may exist and debugging
43

the code to generate the native application package to be used in the smartphone on the
next phase. Once these points, it is able to enter the testing phase and final adjustments.
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5. Tests and Adjustments
Given the initial target for surveillance use, it shall carry out the relevant tests and
adjustments required for it to pass.
Regarding the hardware, first turn on the robot in the dock station and connect the
LAN port to an IP address through domestic router. Since the test is to be performed on
the same Wi-Fi, right after verifying the connection, and operation of the corresponding
port to be used, it is the time of the software.
With regard to the application software is installed natively on the smartphone, in
this case a HTC EVO 3D X515m with Android OS 4.0.3. Once it is installed, it runs and
proceed to use the menu screen to check all functions of the system in the robotic
equipment:
 First, access the main screen of smartphone and press the icon identifying the
application, with the image of the robot in question, and the name of it, in this
case "SICTER for Spykee" (Figure 15).

Figure 15. Look for the application icon

 Then it can access to the main screen of the application (Figure 16). On this
screen appears only certain buttons are active. The rest only will be active
45

when the connection to the robot equipment is successful. The top legend
tells the user to choose what type of robot control want to use:
a) "Control via web": Take the user to a specific website on the internet, for
robot control using it.
b) "Control via device": Allow the user to use the smartphone to control the
robot. On this case that is the option to use.

Figure 16. Main Screen

Clicking on each of the buttons disappear options remaining, so that the
user don't mistake while using the system. Pressing the option b) will access
to the control screen (Figure 17). On it several sections are differentiate. On
centre it is seen what is identified as "Camera frame" In this space it will load
the camera image when the robot is activated. Below are four directional
buttons. They are used to control the robot in four directions programmed:
forward, back, right and left. This control is performed by discrete pulses to
facilitate control of the robot. In this way the robot will move through
controlled pulses, preventing connection failures causing long paths that
endanger the integrity of the robot or its environment.
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Figure 17. Screen control via device

 Pressing the "Connect" button the application will attempt to contact the
robot. To do this, after pressing the button (Figure 18) displays a dialogue
box where you must enter the data required for connection.
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Figure 18. Pressing "Connect"

It is necessary to enter all: host, port (9000 on this type of connection),
user name and password, and thus try to connect to these data (Figure 19). If
control from outside the Wi-Fi, the "Host" must be completed with the web
address or the DNS router it is connected to the robot. If this is so, as
indicated when was describing of hardware section, the port should be 9001.
On this case it is not necessary, although it is one of the maintenance options
are listed at the end of this paper.
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Figure 19. Dialogue conection box

If the data are correct, pressing "Connect" (Figure 20), the robot is turned
on and go away rapidly from its base with an acoustic signal.
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Figure 20. Pressing "Connect"

At that time also activate the other buttons on the screen and loads the
camera image on real time, displaying all that the robot is currently watching
on live (Figure 21). It is important to mention that, with proper connection to
the robot, appear a legend that indicates on real-time the IP address is
connected to the application, and the level of battery charge of the robot at
each moment, in the range of 1 to 255, to help control the level of it.
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Figure 21. Full activation of the robot

If a connection fails, it will be displayed on screen to give users the
solution (Figure 22). After correcting the error, you can try to connect again.
In no time the erors into application going to cause problems of instability or
close it without notice. Proper management of exceptions prevent data loss or
poor use of the system, hence the importance of interruptions seen into the
code of this project and on previous sections. On this case one of the
warnings meets a predefined exception in JAVA which clearly indicates that
the connection through host and specified port is not available because there
is no network connection is available. The same applies in the case where any
data from improperly fill host or the port.
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Figure 22. Connection error warning and indication of error in the data host or port

 After confirming a successful connection to the robot, you can try the
different features available, beginning with the interactive and camera
movement in real time. By pressing the motion seen in the camera frame as
the robot moves in the direction indicated (Figure 23). It verifies that all the
answers are correct. One important thing to keep in mind is the quality of the
Wi-Fi connection between the node and the robot. While native application
will always work correctly, the data reading can be affected by the distance to
the node. This effect may lead to delays in the movement of the robot, or data
incorrect readings. If the robot is away enough, it would lose the connection
and the application will disconnect.
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Figure 23. Different times of the movement of the robot
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 Following checks it can do a sound check. To do this, from the main screen,
you must press the button "Sound Effects". This will display the dialogue and
sound effects let you choose one of the available there (Figure 24).

Figure 24. Access to dialog sound effects box

Once chosen one it only need to press on it to issue the aforementioned robot
sound (Figure 25). The sounds listed are all that comes with the robot. It has
been used as a reference the original list, and like it, have left two custom
options if you want to use.
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Figure 25. Pressing the sound "Alarm"

 Finally, since the robot continued use causes your battery is empty, it has also
the functionality of search, location and return to the charging dock station.
This requires, from the main screen, press the "Go to dock station." Then
change status button and it will activate the "Cancel charge", the reason is
simple. During this process, the robot will use its embedded infrared sensors,
and infrared sensors and charging base are going to pair, which held circular
paths until it finds the right way to go. If the battery level is very low, it may
interest to cancel the process to save the little energy left over and use it to
display images on the camera or to make a sound. Pressing this button will
cancel the search process. If instead it lets the robot finds the dock station, it
locates and head towards it. Once in a few inches of it, shall become (as the
charging connectors are in the rear) and paired infrared sensors, will slow and
dock it to charge. In this situation, enable "Exit to dock station" so that the
user can regain control of the robot when it deems appropriate (Figure 26).
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Figure 26. Process of search dock station, location, possibility of cancellation, or final
dock into dock station
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If finally it chooses to leave the dock station once the battery has recovered, this
option can be made by simply pressing the button (Figure 27). It is interesting to note
that while the robot is in the charging dock station are available sound functionalities,
but the camera will only show the last frame from the last image captured, and is not
available the option of moving. All of this to save battery and allow the loading of it as
quickly as possible. Just out of the dock station can be recovery completely the control
of the robot.

Figure 27. Pressing "Exit to dock station" and image of the exit towards of the robot

The button "Off" shuts down the robot completely and removes the last image taken
by the camera, returning to the main screen of the application and making available all
of its options.
Successive tests have been improving the software go through an adjustment system
based on trial and error, and small changes on the user interface of the software, based
on the robot's behaviour, and clarity of the interface, to enable better understanding
functions of it by the user. To verify that the software is clear enough to be used by a
user without knowledge of robotic equipment or on the software implementation of it, it
was used a person as test subject that in minutes has been done with the application and
has successfully tested all the functionality of the robot. With this latest test was
confirmed that the system acts as a black box that allows the use of robotic equipment in
a consistent way, without the user having high computer skills.
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Once this phase is considered that the system is ready to be used widely on this
environment. At that time qualifies the telematic control software as "Spykee SICTER
for version 1.0" and finished the process of telematic control system development for
this robotic equipment.
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6. Maintenance
However, the modelling process continues and will do so indefinitely including the
maintenance phase. On It will be monitored the system and made the necessary
improvements to widespread use or adapt new hardware and features to robotic
equipment, and software control, as needed or the client, or the working environment, as
required.
As examples for improving the native application can be described as follows:
 Improved error display on screen.
 Generating a video or photographic images store from the robot camera, for
later retrieval, if necessary.
 Improved remote connection from outside the network through the use of a
VPN system controlled.
 Exploiting the possibility of using custom sounds, as in the original software
for desktop terminal robot.
Furthermore, on the case of study, the maintenance results in the possibility that the
computer control is performed in a completely remotely option simply by using any
available Internet access. For this it will implement the following improvements to the
system:
 Accommodation in a commercial web server interface to the appropriate
remote access. Tests with routers domestic or via 3G connections have not
shown reliable results, producing constant interruptions or making difficult
the connection, probably by the proxies that use commercial networks to
communicate their nodes. On the other hand the evidence shows that
institutional buildings need complete access to the firewall and systems
management access settings, something that usually is not allowed. Using a
full web server commercial would avoid these problems and allow for a full
configuration to permit its use without problems.
 Creating a website for mobile terminals. It is used JQuery Mobile to facilitate
integration with mobile terminals.
 Creating a website for desktop PC or standard laptops. It uses standard
jQuery and other web development languages.
 This web server manages through automatic redirection, access to it of
standard or mobile terminals, leading each of them to the website that
corresponds to a correct view of the same in each case.
 Access from within the native application software to a web server. When
access is made from the specific section of the software on the mobile
terminal, the load that occurs is the web page for mobile terminals.
Nevertheless, if you do not use this service, you can access the general web
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site if necessary. (Figure 28). At web site that is accessed from within the
application, through the "Control via web" of it. This opens a new screen
where internal application through a frame loading the embedded web page,
giving the effect that you are not working outside the application. It can
browsing the web using the option scroll that is enabled in the application.
When it wants it can return to the main screen of application by pressing the
"Menu". The process is completely transparent for the user and allow the
user to use the system as he/she wants, depending on one's needs to be
present at all times.
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Figure 28. Mobile Web access from within the application with scroll to browse and
press button "Menu" to return to the main screen of the application
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In the same way it can browse the web and use the "Back" button on the
bottom left, or enabled on the web, to browse through pages visited (Figure
29.).

Figure 29. Browsing on the page, from the application

If it desired access terminal through a desktop, or laptop, or any nonmobile terminal, the server address http://www.robot.warningcorp.com
redirected to the website set up for this purpose (Figure 30.). On this case,
the web would travel through the different tabs above ("Help", "Movement",
"Camera", "Access and user" and "About the author") finding information on
how to use the web in each case. To control the robot it would use the same
system as on the native application: data entry of host, motion control,
etc.The aim is to use the system from any device.
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Figure 30. Access to the website from a desktop computer

Both web pages managed the robot on the same way that software developed, only
using, as already was indicated, specific programming languages in each case, in
combination with JavaScript, PHP, HTML5 ultimately AJAX properly updated, with
that implement the functionality required, and allow proper display by most browsers on
the market and they can use mobile terminals. The aim is to generalize its use to proceed
with a new development tool that uses this remote laboratories, [49], [50], [51], [52],
[53]. Something that will be studied in future doctoral work patterns combine this work
with a more comprehensive and useful for education and training in academic and
industry.
The maintenance phase seeks to leverage and repay as much as possible the use of
robotic equipment to monetize and enable system sustainability, avoiding renew the
robotic equipment, and software, and improving its usability and transforming the
equipment into a useful tool , [54], reused and replicable which can use all the options it
offers.
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V. Estimated implementation time of the system based on
the level of difficulty of the environment
Considering how important is the implementation time in an industrial process, then
it presents a simulation of a time table estimations based on the experience of the
practical implementation of the system that has been carried out along this work .
The estimation was carried out taking into account different levels of difficulty from
1 to 10 in each phase of the system. It has exempted the maintenance phase, since the
improvements after the first implementation of the system should be evaluated
independently in each case.
These levels have been analysed taking into account different characteristics of the
environment (what is facing the robotic equipment and where the equipment must meet
their targets), space (if the robot must interact with other equipments or not, if it has
freedom of movement or not, etc.), software, hardware, etc., all with the objective of
telematic control only. These approaches are not mutually exclusive, are provided only
as a guiding and teaching purposes, and it is clear that in each system implementation
must be added new situations or eliminate those not involved in the process, depending
on the needs.
It describes the basic references of five cases analysed:
 Case 1: It's developed in this work.
 Case 2: Simulation of modelling in an educational setting classes. High user
interaction and several fixed obstacles on the classroom. Software and
hardware free and easily adaptable.
 Case 3: Simulation on industrial environments with high user interaction.
Proprietary hardware, free software with export of libraries from robotic
equipment supplier.
 Case 4: Industrial environment with interaction with other robotic equipment
and proprietary software and hardware. Little flexibility to setting the robotic
equipment.
 Case 5: Simulation for use in extreme outdoor environment. Interaction with
moving obstacles and several users. Software and hardware free. Rescue
scenario or military use.
When speaking of time it should understand workdays-time. Was used measurement
unit a week, and one or two people working on the system, to facilitate the approach in
each case. Clearly, different configurations can be multiple environments,
implementations, objectives and systems, thus establishing a weighting coefficient
increases as the difficulty of the system increases. This coefficient will be unity for
extremely complex cases.
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The data shown are merely descriptive. But the continued development of this
activity will generate a real time basis and more reliable in the medium term, would
allow estimation, and coefficients setting, closer to those actually required. The data
obtained in the test cases have been transferred to a comparison chart allows us to
visually see the differences between each of them (Figure 31).

Figure 31. Approximate time for different deployment scenarios

The data from these five cases allow to approximate the following table of estimated
working time in different cases, based on the level of difficulty of the them (Table 1):
Difficulty level.
1
2
3
4
5
6
7
8
9
10

Weighting
coefficient

Estimated Work Time

0.42

From 1 to 3 weeks

0.55

From 4 to 8 weeks

0.83

From 9 to 16 weeks

1.00

From 17 to 24 weeks

Table 1. Estimated time table
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The data extracted from each of the cases, combined with the respective weighting
coefficient, giving rise to the estimated time comparator, are shown in the following
table (Table 2):
Dificultad de las fases del sistema Caso 1
Definición de objetivos
1,00
Estudio del entorno
1,00
Análisis del equipo robotizado
2,00
Implementación hardware y software
4,00
Pruebas y ajustes
3,00
Total
2,20
Semanas
2,22

Caso 2
3,00
5,00
3,00
5,00
4,00
4,00
5,28

Caso 3
4,00
6,00
5,00
6,00
7,00
5,60
7,39

Caso 4
8,00
7,00
6,00
7,00
8,00
7,20
14,34

Caso 5
6,00
9,00
8,00
9,00
8,00
8,00
15,94

Table 2. Full Table of reference data

Data calculated in the "Total" correspond to the formula 𝑇𝑜𝑡𝑎𝑙 = [(∑ 𝑁𝑑𝑓)⁄𝑛],
being "Ndf " the level of difficulty of each phase, and "n" The number of related phases
(in our case 5). Also, the calculation of "Weeks" is defined by the formula 𝑆𝑒𝑚𝑎𝑛𝑎𝑠 =
[(𝑆𝑚á𝑥 ∗ 𝑇)⁄𝐷𝑚á𝑥 ) ∗ 𝐶𝑝], being "Smax" The maximum number of weeks possible (in
our case 24), the value "Dmax" reflects the maximum total difficulty (in our case
10),"T" indicates the total level of difficulty obtained above in each case, and "Cp" the
weighting coefficient corresponding to the obtained difficulty. Rounding on both cases
the result.
It do not recommended exceed of 24-week interval for the implementation of a
system that, given the state the state of the art on technology and its update rate, it is
considered that, to overcome this time, once the work is completed, possibly, will have
been obsolete. In extreme cases the right thing will not reuse existing equipment and
purchase new equipment to start a project from the beginning.
On the system at hand, the time spent was about a little over two weeks of working
with a single person, part-time, an amount that fits nicely to the reference graph.
With the weeks, the calculation of the investment required for implementation would
be obtained by multiplying the current working hour for the time required, and adding to
this data, the value of computer hardware, software or licenses, if it becomes necessary .
Timely manner may need to add a upgrading course for users of the system, although
the tendency is to always seek a graphical interface that is self-explanatory and facilitate
their use at all times. In most situations this amount be less than the cost of acquiring a
new robotic equipment and train workers to use it.
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VI. Conclusions
Throughout this paper describes the process of modelling of a system that seeks to be
comprehensive and widespread. The aim has been to develop a modelling oriented to
telematic control activities that is feasible to implement in situations as diverse as
education and training environments on academic or industrial workplaces that are
intensive in the use of robots, sector of surveillance, control or supervision and care, but
also in situations where the user must not, for security, access to where the robot has to
work, among them I can mention rescue situations on dangerous areas, military use or
energy environments, industrial health or high risk, finally reaching its use on domestic
or home automation systems.
The characteristics of the system and its phases are perfectly suited to the user,
environment and situation. A study is designed for each case following the guidelines of
modelling, and finally the system is implemented to be scalable and modular, to
facilitate the fact that improvements needed later or replicate the system. This makes it
sustainable, efficient and profitable.
At the same time permits the use and combination of free software and proprietary
hardware. What enables cost savings enough to, when necessary, to implement the
system in low-economic availability or low budget.
It is also observed that modelling is not only customizable, adaptable and flexible to
any environment or situation, but with practice performed, is shown to be feasible and
stable, and in this case economic. Although the implementation is carried out in a
domestic environment, also, following the steps above, it is guaranteed, as already
indicated, their efficiency on an industrial setting, education or training, medical or
military, doing on each case the adjustments needed.
Finally, evidence has shown that the initial objective of this work: it can customize,
manage, and design a telematic control of system for robotic equipment with an efficient
model, functional and cost effective that reuse existing resources and increasing
reusability and sustainability and replication of these, improving its functionality.
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VII. Future work and trends
As anticipated along this work, what shown here is only a small part of the
possibilities of this kind of development, and the modelling system, allows.
In robotics and telematics technology current possibilities are multiplied by the
development of new communication systems and reducing costs in robotic systems.
On the same way that cost reduction multiplies the existing robots making them
adaptable to almost any situation. As example is given below future projects on different
technological fields, on which the author will use this tool.
 Education and training technologies:
o Integration of remote laboratories for the dissemination of engineering
and technology: Techno-Museum Project in collaboration with the
MUNCYT, UNED, University of Zaragoza, the IEEE Foundation, the
IEEE Student Branch at UNED, the Spanish Chapter of the IEEE
Education Society and IEEE Spain Section. Its aim is that visitors to the
museum can remotely manipulate robots and tools in physical laboratories
of universities cited, provided for this purpose in this project will focus
initially the author's Ph.D. work.
o Educational tool for students of the UNED: It seeks to promote the use of
robotics remote laboratories as a tool to encourage practices under the
new curriculum framework of European Higher Education Area.
Following the exposure system will develop a framework management
and control of remote robotic laboratories using the technology presented
in this paper.
 Technology of social use by remote support:
o Remote monitoring of elderly and disabled: Either through the use of a
pet robot, either through existing technology through smartphones or
similar tools, the system exposed will develop warning and surveillance
bidirectional systems. On they both, user and supervisor of this, will be in
permanent contact on real time. If necessary even visually through
streaming emission technologies via webcam. The range of possibilities
ranging from monitoring vital signs until the touch of a button on case of
an alert, warning or indication automatically on case of breach of security
via geolocation circle.
 Human-robot interaction on real time:
o Development of robots guide to museums and monuments: Well remotely
controlled by supervisors, either interactive with the user at some level,
with autonomous or semi-autonomous capacity to answer. Remote
systems software load or uttering sounds or responses to user requests that
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have been saw on this work, allow human-robot interaction is a little
closer.
o Using prototypes adapted to childcare or nursing homes: Fundamentally
as motivators on children and elderly. Robots from games allow, on both
cases, new possibilities cognitive on the two sectors that need more
attention in our society. At the same time serve to integrate the use of
technology from the earliest ages to the most advanced ages.
 Training and formation on industry:
o Practice prior to the use of new equipment or existing equipment and new
employees: As discussed in the work, trained in advance and proper
integration of the robot in the work environment, employees will gain
flexibility on their daily work, will assume new responsibilities and will
be able to promote their career. On the case of new robotic equipment, the
preparation and training is essential. With this system it can be anticipated
that phase or integrate either from the employee's own safe home for this
and a more flexible schedule, or the workplace itself on designated areas
and where the employee is protected by a wrong handling of the new
team.
 Technologies for rescue or military use on extreme areas:
o The use of this system allows implement tools such as quadricopters and
land and sea crawlers robots, whether for mere monitoring and
reconnaissance, as for remote intervention. On both cases the human user
will be far enough away from the danger zone to avoid damage. It allows
to use on areas ranging from natural disasters (fire, earthquake, flood,
etc..) to war zones and high risk, or humanitarian support.
 Technologies for medical or minimally invasive:
o Remote interventions: As on the previous case, this tool can be
customized to use on health care robots on extreme areas where a surgeon
can manage them remotely to ensure assistance.
o On nanotechnology systems and of robot control inside the human body:
The disclosed system will monitor the evolution of nano robots to a
certain level, allowing positioning and control them on the right place.
These are just a few examples of possible uses and future trends of the system set out
on this paper. Its scope is extensive, but it is this the work of an engineer: use existing
tools and adapt or improve them constantly to contribute to the development of society
and welfare, and dissemination of technology by using it.
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