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Developing and
implementing an extensive home theater
system actuator test procedure for use during
development and production, without the need
for specialized and costly test equipment.

Using LabVIEW to create the
extensive test procedure needed for the home
theater actuator.

Developed by D-Box Technologies, Odyssee is a
motion simulation system for the home theater.
We built it with four actuators, each capable of
al/z in. travel. We place those actuators under

the legs of a sofa or a row of theater seats.

A motion profile generator coordinates the

actuators, which synthesizes motion in three
degrees of freedom (up-down, forward-
backward, and left-right), according to the
action in the movie. The actuators are also
self-instrumented, which means that they can
measure their operating parameters in real time
and provide diagnostics information on-demand.
A very high dynamic brushless motor,
controlled by a TMS320F240 digital signal
processor (DSP), comprises each actuator. The
processor drives a low friction, proprietary
transmission drive. Each actuator can perform
a wide range of motion profiles, from very
slow, very smooth (imperceptible) movements,
to very dynamic ones (vibrations up to 100 Hz).
The total travel is small, which is a necessary
condition of home use. However, the impact
on the perception of the movie is impressive
because it enhances and completes the auditory
and visual senses.

Given the high-power nature of the system
and the fact that nontechnical users most
often operate it, we needed to build a reliable,
robust fault-protection sub-system that is as
transparent to the user as possible. We set up
the DSP software to process most faults, giving
the motion system the advantage of reacting
to fault conditions in an “intelligent” manner.
For instance, a temperature fault does not
trigger an instantaneous drive shut down,

but instead shuts off motion, or parks, in a
controlled manner.

A group of sensors and estimators feeds
information to the fault-protection software.
We measure temperatures of motor and power
transistors by using thermistors placed inside
the transistor bridge and motor. We also
measure position using an incremental encoder
and commutation tracks placed on the shaft of

the motor. In addition,
we measure supply
voltages for the high-
voltage rail (power
section), and the low-
voltage supply (logic).
A real-time model of
the motor estimates
motor current.

The four actuators connect to a motion profile
generator that controls them through a
dedicated opto-isolated communication link
called KineLink. KineLink is a specialized
protocol that serves four purposes. KineLink
transports motion profiles, sent as four
continuous streams of

position samples, from the

motion profile generator =

One Actuator of the Odyssee System

goes into “park,” the motion profile generator
also parks the three remaining actuators to
avoid a situation in which only three actuators
hold the platform. In addition, KineLink ensures
the timing and regularity of the input sampling
rate, which is important to avoid audible and
vibration artifacts from a sampling frequency
exhibiting jitter and variability. Finally, KineLink
transports information about the operation of
the actuators (vital signs) back to the motion
profile generator for testing purposes.

With the self-instrumented architecture of the
actuators, we can easily perform testing during
development and in production. It is a simple
matter to connect an Odyssee actuator to a PC
through its KineLink connector and use a test
application written in LabVIEW to check all
hardware sections, as well as the mechanical
and electronic behavior of the actuator. No
specialized test equipment is required to
perform these tests; all that is needed is the
tested actuator and a PC running the custom
LabVIEW test application.

to the actuators. KineLink
also transports possible
fault information from
the actuators back to the
motion profile generator.
The motion profile
generator displays this
information to the user.
Eventually, if one actuator
experiences trouble and
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Such test applications rely on test functions
that are designed-in the embedded DSP code.
These functions return, on demand, variables
such as the temperatures of motor and power
transistors, position and speed of the motor,
estimated current and weight, supply voltages
(power and logic), etc. These variables are read
synchronously, at the motion profile sampling
rate, while sending motion profile samples to
the actuator.

During development, using these functions,
we can perform on-line fine-tuning of the
actuator’s parameters. For instance, one such
test application sends a uniform white random
signal to the actuator and reads its position
response, synchronously to the excitation. With
input and output vectors in PC memory, we use
a recursive least squares procedure to estimate

Production Test Application

does not need specialized test equipment other
than a PC running the
test application.

We primarily see the cost of self-
instrumentation during the development of
the product. It adds

The use of LabVIEW greatly facilitates the

development of the test applications.

the natural impulse and frequency response of
the actuator. From this response, we optimize a
correction filter, which we then integrate into
the embedded software of the actuator to
equalize its response.

During production testing, we use one such
application to provide an extensive automated
test of the actuators. Functions tested include
communication, supply voltages, motion and
temperature sensor integrity, motor static
and dynamic behavior, etc. For each function
tested, this LabVIEW application gives a
diagnostic and also points the test technician to
a possible location of the problem on a virtual
map of the motor drive system. Again, the user
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some complexity
(development time) to
the embedded software
driving the device.
Although we must pay some consideration

to the hardware design to handle self-
instrumentation, in most cases it does not

add much complexity to the hardware, because
the functions needed for self-instrumentation
are also needed for the core functionality of
the device.

The benefits of self-instrumentation,
however, are well worth the extra development
time. We see them during development and
at production time. Self-instrumentation
facilitates the design of extensive test
procedures. The fact that the tests are
conducted “in-operation” means that we
can test very high-level functionality and

behavior, involving many interactions between
sub-systems, as easily as low-level sub-system
functionality. Most importantly, we implement
the tests as a simple application running on a
PC and do not require specialized and costly
test equipment.

The use of LabVIEW greatly facilitates
the development of the test applications. For
instance, we built the communication functions
on the LabVIEW VISA libraries. The presence
of extensive signal processing libraries in
LabVIEW accelerates the integration of high-
level signal processing features to the test
applications. Finally, the ease with which a user
can design a graphical user-friendly interface
is one of the best features of LabVIEW.
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