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Abstract

In this paper we present the Realtime Suite, a project that aims to provide all the tools and guides

needed to set up a Linux-RTAI real-time machine within a CACSD environment. This is addressed in

particular to researchers and students approaching the world of real-time control applications for the first

time, or people searching for an open-source alternative to commercial solutions.

1 Introduction

When building a real-time machine, open-source
software can constitute a suitable alternative to com-
mercial solutions in terms of functionality, perfor-
mance and costs. On the other hand, the major
drawbacks of this choice are the long amount of time
and the advanced computer skills needed to make all
the pieces work together. These steps represent an
obstacle that might discourage less-experienced peo-
ple, like students for example, to enter the world of
Linux-based real-time applications. With Realtime

Suite[1] our aim is to provide the tools and docu-
mentation needed to easily set up a working real-
time machine for signal acquisition and processing
within a Computer Aided Control System Design
(CACSD) framework. In order to achieve this, we
started by collecting all the pieces required to config-
ure a complete software chain: an Ubuntu operating
system with RTAI[2] modified kernel; Comedi[3] to
interface with DAQ boards; Scicoslab[4] with RTAI-
Lib[5][6] palette to generate and build the real-time
target and, finally, QRTAI-Lab[7] and RTAI-XML[8]
to monitor the target locally or remotely, respec-
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tively. The next step was to edit source codes with
the objective to avoid conflicts and compile errors.
Lastly, we packed everything in the so-called Real-
time Suite alongside with documentation with simple
step-by-step instructions and examples. In addition
to that, we configured the suite on a Virtual Machine
(VM) that works out-of-the-box, useful for testing
purposes.

In order to verify the efficacy of the proposed ap-
proach in developing an actual real-time application,
a Realtime Suite based system has been installed[9]
to realize a feedback control for nanometer-precision
specimen tracking in an optical tweezer system with
piezoelectric actuators.

The paper is organized as follows. In Section 2
an overview of the software included in the Realtime
Suite package will be presented. Section 3 will cover
the remaining two components of Realtime Suite: a
step-by-step tutorial and the preconfigured virtual
machine. Section 4 will focus on results of perfor-
mance tests to evaluate achievable sampling rates
and jitter, while in the last section an application
will be proposed in which a Realtime Suite based
machine has been used to control specimen position
in an optical tweezers setup.

2 An Open-source Rapid Con-

troller Prototyping Environ-

ment

Linux Ubuntu + Kernel RTAI

TCP/IP

FIGURE 1: Real-time Machine

In this section will follow a brief description of the
software needed to build a Linux-based machine for
signal acquisition and conditioning. The proposed
configuration is based on open-source projects and
packed in one single archive, available for download
in the Realtime Suite website [1]. Some of the source
files included in the package has been edited in or-
der to assure compatibility between each software
version and obtain a fluent installation procedure. A
schematic diagram of functional connections between

the various components of the real-time machine is
shown in figure 1.

2.1 RTAI and Comedi

RTAI[2], Real Time Application Interface, is a Linux
extension that allows the execution of tasks with
strict temporal constraints, enabling hard real-time
(HRT) control algorithm implementations. Develop-
ment started back in 1999 with the work of Paolo
Mantegazza at Politecnico di Milano. The Suite in-
cludes RTAI version 3.8.1 alongside with Linux Ker-
nel 2.6.32 patched from LinuxCNC[10].

Comedi[3] is a set of drivers provided as Linux
kernel extensions that enable communication with a
broad range of commercial data acquisition boards.
A collection of libraries is provided, with APIs which
allow the real-time target to interface with the de-
vice.

2.2 Scicoslab and RTAI-Lib

FIGURE 2: RTAI Scicoslab blocks

Scicoslab[4] is a scientific software package born in
2005 from the BUILD4 distribution of Scilab, when
the development of the latter left the INRIA (In-
stitut National de Recerche on Informatique et on
Automatique). It provides a wide range of func-
tions for mathematical and engineering applications,
and comes with the CACSD software Scicos. With
Scicos [11] control algorithms can be designed by
means of a graphical UI, connecting blocks from
available palettes. The RTAI-Lib palette, installed
in the machine setup phase, adds various block func-
tional to hard real-time control targets. They can
be divided in four groups: blocks providing interface
with Comedi devices, mailboxes for communications
between multiple targets running on the same ma-
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chine, semaphores for task synchronization, and in-
put/output blocks, like signal generators, scopes and
meters. The RTAI-Lib palette blocks are shown in
figure 2.

2.3 QRTAILab

QRTAILab [7] is a RTAI-Linux Graphical User In-
terface useful to manage real-time targets running on
the same machine. It creates a virtual oscilloscope
to monitor signals and allows online modification of
the target parameters. It was developed starting
from the source code of xrtailab, a software part of
the RTAI-Lab package, using the Qt libraries. With
respect to xrtailab, QRTAILab is much lighter[12]
CPU-wise when connecting to complex targets.

2.4 Remote interface: RTAI-XML

One of the major concerns that becomes evident
when designing real-time control system architec-
tures is the intrinsic duality between hard real-time
(HRT) and soft real-time (SRT) components. While
the first requires the programmer to focus on tim-
ing constrains, latencies, and sampling rates, SRT
components like human-machine interfaces (HMI)
require flexibility, user-friendliness and efficient data
handling. In order to separate those two worlds, a
web services approach can be taken. Web services[13]
allow two pieces of software to communicate through
a network defining a standard object access protocol.
Here only the communication language is shared,
leaving freedom of implementation.

RTAI-XML[8][14] brings a web services approach
to the world of Linux real-time control applications.
The Realtime Suite includes the RTAI-XML server
component that are compiled on the RT machine
through the last steps of the tutorial. This server
components acts as an intermediary between the
real-time targets and a remote procedure call frame-
work. Using XML, it bridges the target signals and
parameters over the network, making them acces-
sible from remote clients like jRTAILab[15], a Java
implementation of xrtailab, or any other application-
oriented client as the one presented in Section 5.

3 Setup Tutorial and Realtime

Suite VM

The Realtime Suite project was born with the objec-
tive to guide less experienced people into the world

of Linux real-time applications. To achieve this, the
software package described in the previous section
comes with a step-by-step tutorial that accompanies
the user in all the phases needed to build a work-
ing real-time control machine, from the initial sys-
tem setup to compilation and execution of the first
real-time target. The majority of the steps involves
running console commands to compile and install
the various components, but everything is explained
and viable for users without advanced programming
skills. The tutorial is a revised version of the one
proposed by Bucher, Mannori, Netter[16].

In addition to the software package and its re-
lated tutorial, a virtual machine has been released.
It is based on Linux Ubuntu 10.04 and includes all
the software of the Realtime Suite compiled and
ready-to-use. It is available through the RTAI-XML
project website[8] in the Open Virtual Machine for-
mat (.ova) and can be executed on a wide range
of host machines with the open-source virtualization
software VirtualBox[17]. Due to the limitations of a
virtualized system it cannot be used in substitution
of a physical RTAI machine in actual signal acquisi-
tion and conditioning, but can constitute and handy
tool in the design phases of Scicos control algorithms
or while testing remote RTAI-XML clients.

4 Performance Tests

This section shows results of two kinds of experimen-
tal tests performed on a machine configured with
Realtime Suite. The machine was a commercial
personal computer with the following specifications:
CPU Intel Core2Duo 6300 @ 1.86 GHz
System RAM 1 GB
Video Card ATI Radeon HD 4350
HDD WD Caviar Blue SATA @ 7200 RPM
National Instruments DAQ board NI-PCI 6229

4.1 Jitter

The first test aims at evaluating precision of the sam-
pling tick, in respect to sampling rate and task pri-
ority. In order to calculate it, two separate real-
time targets are in execution: the first with high
priority and high sampling rate (2.5 KHz), the sec-
ond with low priority and low sampling rate (125
Hz). Each one gets sampling effective timestamps
and compares them with expected timestamps, cal-
culated by adding task period to a counter. The ab-
solute value of their difference is the instantaneous
jitter. The two tasks are kept running until the max-
imum jitter reaches a stable value. Results are shown
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in table 1.

Priority Samp. Rate [Hz] Max Jitter [ns]
High 2500 19425
Low 125 23445

TABLE 1: Jitter Test

4.2 Sampling Rates

Sampling rate test is executed to establish maximum
reachable sampling rates in respect to number of in-
put and output channels open on the data acquisi-
tion board. This is done by running a single target
with a fixed number of input/output Comedi blocks
and gradually increasing sampling rates until output
waveform, measured with an oscilloscope, stops be-
ing equivalent to the one generated inside the block
diagram. The test is repeated for different numbers
of I/O channels as summarized in figure 3.

FIGURE 3: Sampling Rate Tests

Looking at the chart, it is clear how the major impact
on maximum sampling rates is given by the number
of input channels. Anyway, sampling rates in the
magnitude of some KHz, suitable for a wide range
of control applications, are easily handled even with
many open channels. This is a remarkable result for
a machine built with such limited and cheap hard-
ware components.

5 Application - Optical Tweez-

ers Control

Optical tweezers are scientific instruments that ex-
ploits the property of light to exert forces on matter
to optically trap a small particle (usually a silica or
glass bead with diameter in the range of microme-
ters) near the focus of a concentrated laser beam,

without mechanical contact[18]. For small displace-
ments of the trapped bead, few hundreds of nanome-
ters, from the laser focus centre, the particle suffers a
force actuated by the light beam, in the pN order, at-
tracting it towards the center of the trap. This light-
force has the important property to show a behavior
similar to a spring for displacement of the bead of
about 200 nm, therefore the force-displacement rela-
tionship can be described by the Hookes Law[19]. In
the past two decades optical tweezers found applica-
tions for nanometers and micrometers scale experi-
ments in many scientific areas, spacing from physics
to chemistry and biology. The application shown in
this paper involves studies on neuron cells during dif-
ferentiation, and relies heavily on a real-time control
machine built with the Realtime Suite.

PI

Controller

C#

Interface

a

c

b

e

RTAI MachineWin Machine

RTAI-XML

FIGURE 4: Optical Tweezers scheme

Setup is shown in figure 4, and has been described
in details in [9]. A laser beam is used (a) to trap a
microsphere. The interference fringes generated by
the interaction of the bead with the laser are pro-
jected to a four-quadrant photodiode(b). This in-
terferometric measurement allows measuring the po-
sition of the sphere in respect to the center of the
beam with sub-nanometer and sub-millisecond res-
olutions. Photodiode signals are acquired by the
RTAI machine equipped with a National Instruments
DAQ PCI board and Comedi drivers, and sampled
at 2 KHz rate. On the machine a control tar-
get designed with Scicoslab implements a propor-
tional/integral feedback(c) comparing bead displace-
ment with an external reference position given by the
user. Controller output pilots a Physik Instrumente
3-axis piezoelectric positioning system (d). Thanks
to RTAI-XML, all signals and feedback parameters
are sent through the network to another machine
where a custom C# interface is running (e). This
interface provides a graphical front-end for parame-
ter editing, signals visualization and measurements
saving. Moreover, automatically handles recoveries
with a DC-motor translation stage to extend piezo-
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electric stage range.

FIGURE 5: Section of the C# interface

In figure 5 is shown the section of C# interface that
provides a graphical front-end to edit on-the-fly pa-
rameters, e.g. proportional and integral gains, of the
control algorithm running on the real-time machine.

This application shows the functionalities of a
control machine built with Realtime Suite. We were
able to acquire multiple analog channels (nine in this
application) sampled with a bandwidth of two KHz,
and to condition by a custom control algorithms,
with the use of limited hardware (a commercial PC
and a DAQ board). In addition to that, we could sep-
arate implementation of the HMI soft real-time com-
ponents from business logic ones thanks to RTAI-
XML.

6 Conclusions

With Realtime Suite, we have configured a ready-
to-use software package useful for researchers/users
approaching real-time applications for the first time.
Everything is based on open-source projects sup-
ported by active developers and communities. At
the cost of a personal computer with a supported
data acquisition board, and a few hours of work,
it is possible to build a real-time machine capable
of running custom control targets, sampling signals
with a bandwidth of a few kHz. Flexibility in con-
trol architecture design is added by the inclusion of
the RTAI-XML project, which allows to separate the
HRT components (signal acquisition, control algo-
rithms...) from the SRT components (user interface,
data manipulation), to develop appropriate strate-
gies for interfacing two distinct worlds.
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