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SINUS Measurement Toolbox
(SMT) for MATLAB®

Notes for  Presenters:

Greeting/thanks/introduction...

The SMT is our key strategic technology for MATLAB
experimentation & application development.

This presentation will give an overview of the SMT and its
context:  the software architecture, the SINUS hardware
supported, the ideas underlying the SMT and the example
applications supplied.  Finally, a detailed script example for
the programmers among you shows how easily the SMT can
be applied in practice.
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The SMT provides a unified interface from MATLAB to a
variety of different SINUS hardware.

It is compilable and is not restricted to Windows - for
example, a HARMONIE driver for Linux will also be
supported if sufficient demand arises.

Generic applications can be written using the SMT -
applications which will also function correctly with future
hardware generations without reprogramming.  This is
possible because the SMT provides “meta-information”
about the available SINUS hardware.

Various types of applications are possible - from direct
experimentation via the MATLAB command window,
scripts, interpreted or compiled GUI applications and
embedded applications compiled for execution in special-
purpose systems.
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HARMONIE™ Family
• Device family with 2-8 primary input channels
• Various Modes (DSP programs) available
• Example (4-channel, Environmental Mode) logical channels:

*  For each of the 4 primary input channels:
OriginalValues
AnalogInput
SquareSum
SquareSumUnweighted
Peak
PeakUnweighted
ThirdOctave

*  7 SlowChannels plus BoardTemperature and SupplyVoltage
*  2 TriggerInput channels
*  2 TriggerOutput channels
*  4 AnalogOutput channels

Currently 65 logical channels in a single mode of a “4-channel”  device!

The SMT currently supports two distinct families of SINUS
hardware:  HARMONIE and MSX16.

The HARMONIE family consists of compact box or PCI
card solutions, also employed in the Soundbook.  The box
solutions are connected via CardBus (PCMCIA).

As you can see from the slide, the twin DSPs, FPGA and
custom logic in the HARMONIEs provide a wide range of
logical data channels based upon the physical inputs and
outputs.

The SMT makes this functionality available to the MATLAB
programmer via a consistent and stable interface which can
keep pace with technical progress.
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MSX16™

• Modular device with up to 128 input channels (Record Mode)
• Various modules available (micro, ICP, charge...)
• 2 channels per module
• Up to 8 modules per MSX16 unit
• Up to 8 MSX16 units can be stacked (1 PC interface card)

An MSX16 tower is also connected to the PC via a PCI or
CardBus (PCMCIA) interface card, but its device philosophy
is otherwise quite different from the HARMONIE.

The physical configuration is flexible - potentially, every
MSX16 could have a different arrangement of physical
channels.

However, the same techniques which support the wide
variety of HARMONIE logical channels are also used by the
SMT to offer a consistent interface for the MATLAB
programmer.  It is even possible to write applications which
work with both device families (and future SINUS
hardware!) without unnecessary duplication of code
(previously an enormous source of associated costs).
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SMT Key Features

• Reliable, stable basis for applications programming
• O/S & driver independence
• Increased S/W reusability
• Accelerated development
• Simplified data handling
• MATLAB® conventions
• Scaleable number of logical/physical channels

On the basis of what we have seen so far we could write a
“wish list”  of requirements for an interface such as the SMT
- and it would look something like this.

The fundamental point here is that of software reusability -
not just on a “cut and paste”  basis but genuine modularity.
This reusability is strongly connected to all the other points.

Adherence to MATLAB conventions is also important in
particular because it drastically shortens the learning curve
for programmers new to the SMT.

In summary, the SMT reduces costs while simultaneously
allowing higher-quality applications to be developed, which
can also contribute to a consistent corporate image.
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Concepts

Device e.g. a HARMONIE™ or an MSX16™ tower

Channel  a data stream, e.g. AnalogInput or SquareSum values

Property an attribute of a device or channel (or of the SMT itself)

Error Handling supports hardware-independent applications

Until now we have been dealing in effect with the
requirements placed upon the SMT, but now let’s have a
look at the underlying design concepts.

The SMT is based upon Devices, logical Channels and their
Properties.  Each of these concepts will be examined in more
detail in the following slides.

In addition, a consistent error reporting interface to all SMT
functions (which will also be described in more detail later)
allows applications to adapt to available (or missing)
hardware functionality dynamically.
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Device

• Physical Device
HARMONIE™ PCI board

MSX16™ tower (with PCI board interface)

HARMONIE™ box (with PCMCIA card interface)

MSX16™ tower (with PCMCIA card interface)

• Virtual Device
access to files previously recorded using the SMT
(possibly on a different PC)

The SMT provides the application with information about
the SINUS devices attached to the PC.

We have already seen the physical device types currently
supported by the SMT;  all future SINUS measuring devices
with PC interfaces will also be supported.

When recording data, the SMT also saves information about
the current hardware configuration and settings.  This
information allows the data to be read and interpreted
correctly at a later date and/or at another location.

The SMT concept of virtual devices allows this data to be
presented in a consistent manner to applications - the same
code can be used to process data either just obtained from a
physical device attached to the PC or coming from
elsewhere, even if no device of this type is installed locally.
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Channel

• Data stream received from or transmitted to a device

• Number & type of channels depends on device mode

• Channels with required properties can be searched for

• “Logical” - may be several for a given physical channel

• Data as MATLAB® array with defined physical units

All SMT data input and output is performed via channels.

The application asks the SMT what channels with the
required properties are available for a given device, enables
the appropriate channels and starts the data transfer between
the device and the PC.  The application can then request the
data from one or more input channels during or after the data
transfer.

Several SMT channels may correspond to a single physical
channel, for example the AnalogInput, SquareSum, Peak and
ThirdOctave channels corresponding to a single primary
(physical) input channel of a HARMONIE in Environmental
Mode.

Because the data are supplied preconverted into defined
physical units, the application is protected from variations in
data format between different device types.
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Property

• Devices and channels have properties

• Access via functions typical for MATLAB®

• Some general properties defined:
- for every device type
- for every channel type

• Also properties specific to device- and channel-types

• Device-independent applications can be programmed

The concept of Properties is familiar to every experienced
MATLAB programmer - for example, it also forms the basis
of the Handle Graphics functionality.

In the same way that Handle Graphics properties define
attributes of graphic objects, SMT properties define
attributes of Devices and Channels (or of the SMT itself,
e.g.Version).  The SMT property functions are described in
the User Documentation.

General device properties include the device Number, Type,
Name, DeviceID, FileName, Mode, BaseSampleRate and
Decimation.

General channel properties include Number, Type, Name,
Enabled, ChannelID, Input, Output, DataType, Dimension,
ChannelUnit, Range, PhysicalChannelUnit, SensorUnit and
SensorSensitivity.

Many applications require only these general properties.
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Error Handling

• Consistent interface to all functions

• Success/error/warning codes: <0 Warning
=0 Success
>0 Error

• Specific values can be tested for

• Message text also returned

• Application retains control:  generalized applications
  can use hardware-specific features where available

SMT functions return a result code (RC) and a result
message (RM).  If an application wishes to test for specific
result codes, the function SMTResultCode is used to obtain
the result code defined for a given error.  For example, one
way of testing whether a particular channel property exists
for a given channel of the current device is to make a
comparison of the form:

        if RC == SMTResultCode(‘NoChannelProperty’ )

after attempting to set or get the property.  This allows the
application to react appropriately when a particular feature is
not supported by the current device.

An application should normally check and report the result
code and message after each SMT function call - it will
typically use a small function of its own to do this.
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Example Applications

The following applications are delivered as source code
which can be freely modified and used as examples:

• SINUSconfigure
• SINUSrecorder
• SINUSoscilloscope
• SINUSdataConverter

They are compileable and can be used as they are or as
components of custom-written applications.  SINUS
Messtechnik GmbH also offers services ranging from
consultancy to complete system development.

The SMT consists not only of the interface itself and
associated documentation etc, but also contains these
relatively simple example applications which all work for
both the HARMONIE and MSX16 device families.  They
can be started conveniently from SINUSexamples, which
simply opens a window with a button for starting each
application.

Each of these applications is not more than a few hundred
lines of code long;  most of the code is for the graphical user
interfaces.

The source code is extensively commented and readily
accessible to programmers.

More sophisticated applications will follow in due course,
whether written by SINUS or by third parties.

The following slides show the user interfaces of
SINUSconfigure and SINUSrecorder.
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Clicking the “Configure”  button on the SINUSexamples
window calls the SINUSconfigure function which opens this
window.

The upper section of the window allows device selection,
opening and closing, setting of device properties and
property-set maintenance (Save/Load/Virtual/Defaults).

The "Virtual" button creates and selects a new virtual device
using SMTLoadProperties rather than loading properties for
the currently selected device.  It is used to access previously
recorded data and is not relevant for SINUSrecorder.

The further device properties and channel properties are
displayed  after the device is opened.
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The lower section of the window allows setting of channel
properties. The logical channels are displayed one per line;
the display can be scrolled vertically if not all channels are
displayed at once.

Here we see the first 23 logical channels of a HARMONIE in
Environmental Mode.  The remaining channels are shown on
the next 2 slides.
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The editable fields have a white background. Where the
SMT provides an array of possible values for a property,
these values are offered to the user in a “popupmenu" control
(or as a "checkbox" when the possible values are only 0 or 1)
rather then as free-format input.  If a given property is read-
only for a given device/channel, the associated control will
also be made read-only;  if the property does not exist, the
control will not be visible.
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All this device- and channel-specific information for the
application is provided “dynamically”  by the SMT - it is not
“hard-coded”  for each device type in the application.  Only
the choice of which properties are displayed is “hard-coded”
as a table in the source code of SINUSconfigure in order to
simplify the graphical user interface.  However, even this
choice can be made dynamically, as is done e.g. in
ConfigureSMTdemo.m (requires the GUO Toolbox).
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Example:  SINUSrecorder

This is a simple demonstration application which allows data to
be recorded from any combination of channels provided by any
connected SINUS device.

Clicking the “advanced”  button displays bar graphs of signal
levels for all currently enabled channels.

This application is simple but fully functional:  it can be used
to record SMT data files which can later be converted into
other formats using SINUSdataConverter.

SINUSrecorder and SINUSconfigure are completely general
and contain no device-specific code.

Of course, a fully-featured recorder would also include
monitoring functions, at least for conditions such as
overload, but this is outside the scope of the example.
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Fundamental Functions

The remaining slides are intended for experienced
MATLAB programmers who wish to gain an impression
of the underlying SMT functions in action.

They show a simple data acquisition example which
records and plots data from the first AnalogInput
channel of the first device found (assumed to be a
HARMONIE device).

The slides should be relatively self-explanatory for
MATLAB programmers due to the comments visible at the
bottom of each slide.  For further details together with other
functions and different forms of the functions shown, please
see the SMT User Documentation.
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SMTQueryDevices returns an array of device numbers of all installed
SINUS devices (the first one will be used below).
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SMTSelectDevice makes the (physical or virtual) device current,  i.e.
all further SMT functions will apply to this device.
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SMTOpenDevice opens and initializes the current SINUS device.
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SMTGetDevice returns property values of the current device - in
this case, the Type property contains ‘HARMONIE’.
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SMTFindChannel finds channels with the given properties - in this
case, the AnalogInput channel for IN1.
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SMTSetChannel is used here to enable the channel found on the
previous line and to switch on its ICP supply.
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SMTStart starts the data transfer and optionally sets the
duration (in seconds) of the data transfer.
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SMTStop stops the data transfer (this was done about 5
seconds later).
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SMTGetData returns data (acquired samples) and relative time
values (in seconds) for the samples.
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SMTGetChannel returns channel property values - in this case, the
SensorUnit property used to label the Y-axis.
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The data returned by SMTGetData can now be processed and/or plotted as
required - the whole power of MATLAB is available.
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SMTCloseDevice shuts down the current device and frees resources.
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Thank-you for your attention!

Further information available under:
or via Email:

www.sinusmess.de
smt.support@sinusmess.de


