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Modulacion de ancho de pulso (Pulse Wide Modulation )

Definiendo el factor de uso o como :
o=To/T

Control de Servos:

Se pretende controlar un servomotor empleando software de tiempo real sobre un PC
empleando RTAI y COMEDI.

Dicho control esta basado en PWM de forma que las acciones a realizar se limitan a
generar una sefial de control periddica con un ancho de pulso dependiente del factor de
uso que se quiera conseguir.

La posicion del servo esta relacionada con el ancho del pulso.

Por ejemplo para un servo determinado existen unos valores de o para los cuales el
servo no se mueve, existe un Ts minimo a partir del cual el servo empieza a responder,
de igual forma existe un valor de a para el que el servo ha llegado a su limite de giro y a
partir de dichos valores, el servo no puede girar mds, en estos valores puede
sobrecalentarse el servo o vibrar en exceso. Dichos valores se pueden calcular
empiricamente como se comentara posteriormente.

Para controlar un servomotor necesitamos generar una sefial de control mediante PWM
teniendo en cuenta el rango de frecuencia en la que opera o puede operar el servo. En
nuestro caso el 50 Hz (hitec HS-303 standard II) con lo que tenemos T =20 ms .

Una vez obtenido T debemos generar la tarea que genere dicha sefial de control
periddica de periodo T.

Para esto podemos recurrir a un thread que realiza ciertas operaciones detalladas
posteriormente y duerme hasta el siguiente periodo. Es deseable que no se quede
haciendo espera activa, y también es deseable que no se produzcan desvios producidos
por dormir al thread empleando tiempos relativos. Si empleamos tiempos absolutos se
pueden corregir ciertas desviaciones, esto se consigue con la primitiva
rt_sleep_until(RTIME t).
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El servo tendrd un rango de factores de uso para los cuales funcione de acuerdo a una
funcion, mientras que para otros valores no se consiga que el servo realice movimiento
alguno, bien porque Ton no es suficiente o bien porque el servo ha llegado al topo de su
rango de giro.

Para obtener dicha curva podemos calcularla empiricamente tomando valores del angulo
para ciertos o y después interpolamos los valores calculamos generando una grafica de
aspecto similar a la que hemos producido, teniendo en cuenta que cada servo puede
tener un comportamiento diferente.
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Para obtener dicha curva podemos emplear Gnuplot la siguiente manera:
Generamos un fichero con los valores adquiridos formando tuplas (a,0) (siendo 6 el
angulo obtenido para el factor de uso o).
Podemos realizar una interpolacion lineal de la siguiente forma:

$:>gnuplot

$gnuplot>plot “fichero_datos” w 1
Si queremos obtener otras interpolaciones , ver help bsplines, csplines etc. en la ayuda
de gnuplot. Si se desea almacenar la imagen resultado en un formato jpeg, gif o png
realizar lo siguiente:

$gnuplot> set terminal png

$gnuplot> set output “fichero_salida.png”

$gnuplot> plot ““ fichero datos” w 1

$gnuplot> show output
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Implementacién:

Podemos optar bien por una tarea en un proceso pesado o generar un thread.

Todas las implementaciones realizadas se han realizado empleando LXRT, debido a que
parece mas sensato para realizar estos ejemplos no tener que implementar modulos del
kernel .

Se ha empleado el driver pcl812 que se ofrece en COMEDI asi como las librerias que se
distribuyen con dicho paquete.

El esqueleto de la tarea de control de un servo es el siguiente:

Inicializacion del dispositivo (en nuestro caso la tarjeta PCL812pg de Advantech)
Establecimiento del planificador (politica , prioridad , etc.)
Inicializacién de la tarea de control.

/*Cuerpo de la tarea*/

tl=rt_get time();

While (1)

{

rt sleep until(tl); // dormimos hasta el siguiente periodo
t1=t1+PERIODO; // PERIODO = 20 ms

escribir ‘1’

rt_sleep(a*PERIODO); //Dormimos Ton nanosegundos
escribir ‘0’

}

Para poder comunicar o hacer interactivo el control del servo nos podemos apoyar en un
proceso y memoria compartida si empleamos procesos pesados (fork ()) o bien variables
globales si empleamos threads.

En el codigo que se puede encontrar el la misma direccion que el presente documento se
encuentra un ejemplo de interaccidon aunque no es el mejor que se puede realizar, ya que
la interaccion del usuario introduce perturbaciones en el funcionamiento de la tarea de
control.

En caso de querer monitorizar tiempos u otros valores se deberia optar por una tarea que
se comunique mediante una cola de mensajes donde las tareas de tiempo real almacenen
las salidas y la tarea monitor vaya imprimiendo dichas salidas.

Se han realizado dos implementaciones, en ambos casos no se han empleado
mecanismos de sincronizacion ni de exclusion mutua en el acceso a las variables que
indican el factor de uso, esto puede provocar falta de interaccion en algunas situaciones
con un numero de tareas elevado:

-Empleando memoria compartida y procesos pesados:

-Empleando threads:
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Nota: Las pruebas se han realizado con un PC Intel Pentium I1I a 450 MHz . Se han
podido lanzar hasta 63 Threads para controlar 63 servos, aunque debido al numero de
salidas digitales que ofrece la tarjeta PCL812PG (16 ) no se ha podido experimentar con
tal nimero de servos.

Para poder ejecutar los ejemplos seguir los siguientes pasos:
Los modulos siguientes han de estar cargados previamente:

Rtai

Rtai_sched

Rtai_fifos

Rtai_shm

Rtai_Ixrt

Rtai_pthreads

Rtai_utils

Rtai_utils

Comedi

Pcl812
Una vez cargados dichos moédulos, (es necesario tener permisos para dicha carga),
compilamos los ejemplos :

Para servo_threads.c -> gcc —I/usr/src/rtai/incluye —Wall —Ipthread —Icomedi —o
“salida ” servo_threads.c

Para main y servo -> gcc -I /usr/src/rtai/incluye —Wall —lcomedi —o servo servo.c

gcc -1 /usr/src/rtai/incluye —Wall —Ilcomedi —o salida main.c

Nota: Se pueden usar otras opciones de compilacion como —g —O(N) etc

Una vez compilados ejecutar “salida” , el interfaz de ambos es similar, una tarea se
queda esperando a que se introduzca el indice del servo a mover, por ejemplo el 1, se
pulsa 1 , enter y para poder aumentar o disminuir el factor de uso (tanto por 1000) se
pulsa ‘a’ o ‘d’ respectivamente seguido de enter.

En el caso de procesos pesados, debe existir “servo” en el mismo directorio que
“salida”, en este caso el nimero de servos esta limitado a 8 por el interfaz.
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Licencias: GNU Free Documentation License

GNU Free Documentation License

Version 1.2, November 2002

Copyright (C) 2000,2001,2002 Free Software Foundation, Inc. 59 Temple Place, Suite 330,
Boston, MA 02111-1307 USA Everyone is permitted to copy and distribute verbatim copies of
this license document, but changing it is not allowed.

0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful
document "free" in the sense of freedom: to assure everyone the effective freedom to copy and
redistribute it, with or without modifying it, either commercially or noncommercially.
Secondarily, this License preserves for the author and publisher a way to get credit for their
work, while not being considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the document must
themselves be free in the same sense. It complements the GNU General Public License, which is
a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free
software needs free documentation: a free program should come with manuals providing the
same freedoms that the software does. But this License is not limited to software manuals; it
can be used for any textual work, regardless of subject matter or whether it is published as a
printed book. We recommend this License principally for works whose purpose is instruction or
reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed
by the copyright holder saying it can be distributed under the terms of this License. Such a
notice grants a world-wide, royalty-free license, unlimited in duration, to use that work under
the conditions stated herein. The "Document", below, refers to any such manual or work. Any
member of the public is a licensee, and is addressed as "you". You accept the license if you
copy, modify or distribute the work in a way requiring permission under copyright law.

A "Modified Version" of the Document means any work containing the Document or a portion of
it, either copied verbatim, or with modifications and/or translated into another language.

A "Secondary Section" is a named appendix or a front-matter section of the Document that deals
exclusively with the relationship of the publishers or authors of the Document to the
Document's overall subject (or to related matters) and contains nothing that could fall directly
within that overall subject. (Thus, if the Document is in part a textbook of mathematics, a
Secondary Section may not explain any mathematics.) The relationship could be a matter of
historical connection with the subject or with related matters, or of legal, commercial,
philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being
those of Invariant Sections, in the notice that says that the Document is released under this
License. If a section does not fit the above definition of Secondary then it is not allowed to be
designated as Invariant. The Document may contain zero Invariant Sections. If the Document
does not identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or
Back-Cover Texts, in the notice that says that the Document is released under this License. A
Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.
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A "Transparent" copy of the Document means a machine-readable copy, represented in a format
whose specification is available to the general public, that is suitable for revising the document
straightforwardly with generic text editors or (for images composed of pixels) generic paint
programs or (for drawings) some widely available drawing editor, and that is suitable for input to
text formatters or for automatic translation to a variety of formats suitable for input to text
formatters. A copy made in an otherwise Transparent file format whose markup, or absence of
markup, has been arranged to thwart or discourage subsequent modification by readers is not
Transparent.

An image format is not Transparent if used for any substantial amount of text. A copy that is
not "Transparent” is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without markup,
Texinfo input format, LaTeX input format, SGML or XML using a publicly available DTD, and
estandard-conforming simple HTML, PostScript or PDF designed for human modification.
Examples of transparent image formats include PNG, XCF and JPG. Opaque formats include
proprietary formats that can be read and edited only by proprietary word processors, SGML or
XML for which the DTD and/or processing tools are not generally available, and the machine-
generated HTML, PostScript or PDF produced by some word processors for output purposes
only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are
needed to hold, legibly, the material this License requires to appear in the title page. For works
in formats which do not have any title page as such, "Title Page" means the text near the most
prominent appearance of the work's title, preceding the beginning of the body of the text.

A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely
XYZ or contains XYZ in parentheses following text that translates XYZ in another language.
(Here XYZ stands for a specific section name mentioned below, such as "Acknowledgements",
"Dedications", "Endorsements", or "History".) To "Preserve the Title" of such a section when you
modify the Document means that it remains a section "Entitled XYZ" according to this
definition.

The Document may include Warranty Disclaimers next to the notice which states that this
License applies to the Document. These Warranty Disclaimers are considered to be included by
reference in this License, but only as regards disclaiming warranties: any other implication that
these Warranty Disclaimers may have is void and has no effect on the meaning of this License.

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or
noncommercially, provided that this License, the copyright notices, and the license notice
saying this License applies to the Document are reproduced in all copies, and that you add no
other conditions whatsoever to those of this License. You may not use technical measures to
obstruct or control the reading or further copying of the copies you make or distribute.
However, you may accept compensation in exchange for copies. If you distribute a large enough
number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly
display copies.

3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the
Document, numbering more than 100, and the Document's license notice requires Cover Texts,
you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts:
Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both covers
must also clearly and legibly identify you as the publisher of these copies. The front cover must
present the full title with all words of the title equally prominent and visible. You may add other
material on the covers in addition.

Copying with changes limited to the covers, as long as they preserve the title of the Document
and satisfy these conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first
ones listed (as many as fit reasonably) on the actual cover, and continue the rest onto adjacent

pages.
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If you publish or distribute Opaque copies of the Document numbering more than 100, you
must either include a machine-readable Transparent copy along with each Opaque copy, or
state in or with each Opaque copy a computer-network location from which the general
network-using public has access to download using public-estandard network protocols a
complete Transparent copy of the Document, free of added material. If you use the latter option,
you must take reasonably prudent steps, when you begin distribution of Opaque copies in
quantity, to ensure that this Transparent copy will remain thus accessible at the stated location
until at least one year after the last time you distribute an Opaque copy (directly or through
your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before
redistributing any large number of copies, to give them a chance to provide you with an updated
version of the Document.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of
sections 2 and 3 above, provided that you release the Modified Version under precisely this
License, with the Modified Version filling the role of the Document, thus licensing distribution
and modification of the Modified Version to whoever possesses a copy of it. In addition, you
must do these things in the Modified Version:

A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and
from those of previous versions (which should, if there were any, be listed in the History section
of the Document). You may use the same title as a previous version if the original publisher of
that version gives permission.

B. List on the Title Page, as authors, one or more persons or entities responsible for authorship
of the modifications in the Modified Version, together with at least five of the principal authors
of the Document (all of its principal authors, if it has fewer than five), unless they release you
from this requirement.

C. State on the Title page the name of the publisher of the Modified Version, as the publisher.
D. Preserve all the copyright notices of the Document.

E. Add an appropriate copyright notice for your modifications adjacent to the other copyright
notices.

F. Include, immediately after the copyright notices, a license notice giving the public permission
to use the Modified Version under the terms of this License, in the form shown in the
Addendum below.

G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts
given in the Document's license notice.

H. Include an unaltered copy of this License.

I. Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at least
the title, year, new authors, and publisher of the Modified Version as given on the Title Page. If
there is no section Entitled "History" in the Document, create one stating the title, year,
authors, and publisher of the Document as given on its Title Page, then add an item describing
the Modified Version as stated in the previous sentence.

J. Preserve the network location, if any, given in the Document for public access to a
Transparent copy of the Document, and likewise the network locations given in the Document
for previous versions it was based on. These may be placed in the "History" section. You may
omit a network location for a work that was published at least four years before the Document
itself, or if the original publisher of the version it refers to gives permission.

K. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the
section, and preserve in the section all the substance and tone of each of the contributor
acknowledgements and/or dedications given therein.

L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles.
Section numbers or the equivalent are not considered part of the section titles. M. Delete any
section Entitled "Endorsements”. Such a section may not be included in the Modified Version.

N. Do not retitle any existing section to be Entitled "Endorsements” or to conflict in title with
any Invariant Section.

O. Preserve any Warranty Disclaimers.

Copyright © 2004-2005 Alvaro CASADO RODRIGUEZ



If the Modified Version includes new front-matter sections or appendices that qualify as
Secondary Sections and contain no material copied from the Document, you may at your option
designate some or all of these sections as invariant. To do this, add their titles to the list of
Invariant Sections in the Modified Version's license notice. These titles must be distinct from
any other section titles.

You may add a section Entitled "Endorsements", provided it contains nothing but endorsements
of your Modified Version by various parties--for example, statements of peer review or that the
text has been approved by an organization as the authoritative definition of a estandard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25
words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only
one passage of Front-Cover Text and one of Back-Cover Text may be added by (or through
arrangements made by) any one entity. If the Document already includes a cover text for the
same cover, previously added by you or by arrangement made by the same entity you are acting
on behalf of, you may not add another; but you may replace the old one, on explicit permission
from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use
their names for publicity for or to assert or imply endorsement of any Modified Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the
terms defined in section 4 above for modified versions, provided that you include in the
combination all of the Invariant Sections of all of the original documents, unmodified, and list
them all as Invariant Sections of your combined work in its license notice, and that you preserve
all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant
Sections may be replaced with a single copy. If there are multiple Invariant Sections with the
same name but different contents, make the title of each such section unique by adding at the
end of it, in parentheses, the name of the original author or publisher of that section if known,
or else a unique number. Make the same adjustment to the section titles in the list of Invariant
Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the various original
documents, forming one section Entitled "History"; likewise combine any sections Entitled
"Acknowledgements", and any sections Entitled "Dedications”". You must delete all sections
Entitled "Endorsements".

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under
this License, and replace the individual copies of this License in the various documents with a
single copy that is included in the collection, provided that you follow the rules of this License
for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under
this License, provided you insert a copy of this License into the extracted document, and follow
this License in all other respects regarding verbatim copying of that document.
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7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent
documents or works, in or on a volume of a storage or distribution medium, is called an
"aggregate" if the copyright resulting from the compilation is not used to limit the legal rights of
the compilation's users beyond what the individual works permit.

When the Document is included in an aggregate, this License does not apply to the other works
in the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if
the Document is less than one half of the entire aggregate, the Document's Cover Texts may be
placed on covers that bracket the Document within the aggregate, or the electronic equivalent of
covers if the Document is in electronic form. Otherwise they must appear on printed covers that
bracket the whole aggregate.

8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the
Document under the terms of section 4. Replacing Invariant Sections with translations requires
special permission from their copyright holders, but you may include translations of some or all
Invariant Sections in addition to the original versions of these Invariant Sections. You may
include a translation of this License, and all the license notices in the Document, and any
Warranty Disclaimers, provided that you also include the original English version of this License
and the original versions of those notices and disclaimers. In case of a disagreement between
the translation and the original version of this License or a notice or disclaimer, the original
version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the
requirement (section 4) to Preserve its Title (section 1) will typically require changing the actual
title.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided
for under this License. Any other attempt to copy, modify, sublicense or distribute the
Document is void, and will automatically terminate your rights under this License. However,
parties who have received copies, or rights, from you under this License will not have their
licenses terminated so long as such parties remain in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free
Documentation License from time to time. Such new versions will be similar in spirit to the
present version, but may differ in detail to address new problems or concerns. See
http:/ /www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies
that a particular numbered version of this License "or any later version" applies to it, you have
the option of following the terms and conditions either of that specified version or of any later
version that has been published (not as a draft) by the Free Software Foundation. If the
Document does not specify a version number of this License, you may choose any version ever
published (not as a draft) by the Free Software Foundation.
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ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the
document and put the following copyright and license notices just after the title page:

Copyright (c) YEAR YOUR NAME.

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.2

or any later version published by the Free Software Foundation,;

with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
A copy of the license is included in the section entitled "GNU

Free Documentation License".

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the
"with...Texts." line with this:

with the Invariant Sections being LIST THEIR TITLES, with the
Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three,
merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these
examples in parallel under your choice of free software license, such as the GNU General Public
License, to permit their use in free software.
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