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CHAPTER

ONE

PERUN POWERDESK INTRO

Perun PowerDesk is a software tool that enables straightforward and in-depth profiling, debugging, monitoring and,
in general, overview of any DSP-driven process or device.

It provides multiple functionality. In one hand, it can be used as a digital oscilloscope. In the other, it provides
direct access to device memory and code-defined variables. Finally, it incorporates a powerful signal processing and
data visualization components. Combined together, these tools enable development of modern, cutting-edge products
reliably and efficiently.

Thank you for choosing Perun PowerDesk.
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2 Chapter 1. Perun PowerDesk Intro



CHAPTER

TWO

POWERDESK COMPONENTS

2.0.1 PowerDesk Main Window

Main Window is the central component of the PowerDesk GUI. It consists of three main parts: ribbon menu on
the top, status bar on the bottom, and the main docking area in between.

Fig. 2.1: Main Window with ribbon menu at the top, status bar at the bottom and main docking area in between.

Ribbon Menu

The Ribbon Menu is used to access all the basic functionality of PowerDesk. It is based on the Fluent.Ribbon con-
trol suite (see https://github.com/fluentribbon/Fluent.Ribbon/wiki) and is designed to resemble ribbon menus simmilar
to those found in Microsoft Office and other modern desktop applications.
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Main Docking Area

The Main Docking Area is the central workspace. In each of your projects, you will use the docking area to customize
and adjust your work experience.

The docking area is based on the Avalon Dock control (see http://avalondock.codeplex.com/), and is essentially
a dockable container used to store several panes. Each of these panes is a separate PowerDesk component, each
devoted to a specific part of your project. For example, Scope Panes can be used to show live signals and spectra,
Project Explorer Pane can be used to organize your project and devices, etc. In fact, each component of PowerDesk
implements its own pane. A full list of components is given in PowerDesk Components.

Each pane can be docked or undocked within the main docking area. To undock a docked pane, juct click on its title
and drag it from its current location.

Fig. 2.2: Main Window with undocked Project Explorer Pane. Docking handles are shown at appropriate locations.

As soon as a pane has been undocked, a set of docking handles appears at each location of the docking area at which it
can be docked back again. In order to dock a pane to a specific location, drag it by its title bar using left mouse button,
position the mouse pointer above the desired handle and release the button.

A pane can be dockes at each of the four corners (top, bottom, left or right), or at the center of the main docking area.
At each of these locations several panes can be docked at once. In such a case, panes can be stacked one over another,
in a tabbed manner, or can be shown simultaneously.

Status Bar

Status Bar appears discretely at the bottom of the PowerDesk Main Window. Nevertheless it is an extremenly im-
portant component, showing the user with the most important, condensed information regarding the current application
state.

4 Chapter 2. PowerDesk Components
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Fig. 2.3: An example of complex docking scenario.

2.0.2 Project Explorer

Each PowerDesk project posesses two fundamental building blocks: devices and workspace. Project Explorer
is a component enabling a user to easily and efficiently interact with these items. To change device state, start and
stop real-time data acquisition sessions, interact with device memmory, or perform computation and processing of the
received data.

Any device connected to PowerDesk by means of an FTDI chip can appear under Devices item of the Project
Explorer. By right clicking on any individual device, the user can alter the device state or manage real-time data
ascuisitin sessions.

Each device posseses several analaogue data channels. Each of these channels behaves like a Dynamic Systems
Toolkit signal. Right clicking on any channel, it is possible to schedule operations on the underlying data, including
computation of spectra, scaling, adding offsets, multiplying several channels, etc.

Below the Devices item, there is another important item labeled Signals and Spectra, which shows current content
of the DST Workspace. It holds different signals and spectra obtained by processing device channels, evaluation of
custom expressions, and similar.

2.0.3 PowerDesk Scope

Basic Info

Scope is the main visualization tool of the PowerDesk suite. Its primary purpose is to show various signals and
spectra. In conjunction with other PowerDesk components, it supports visualization of live data as well. This means
that Scope enables you to see the data as they arrive when Real-Time Data Acquisition function is active.

The Scope component is developed atop the OxyPlot library (see http://oxyplot.org/) and is tightly related to Dy-
namic Systems Toolkit, a PowerDesk component responsible for live signal processing (see Signal Processing and
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Analysis). Although Scope comes in several varieties, each one consists of the same main parts.

As indicated in the figures, each Scope has four main parts:

• Plot, which is the principal part actually showing signals and spectra. The plot fills most of the scope area, and
it supports panning and zooming functionality, using appropriate keyboard and mouse gestures. In addition, the
data-tracker functionality enables instantaneous access to values of individual points of the shown signals and
spectra.

• Dynamic Legend , which describes signals and spectra currently added to the plot. The dynamic legend also
allows for quick adjustment of basic plot properties, including line styles, thickness and colors. It enables hiding
or removing signals and spectra, and also shows some characteristic data features like mean value, mean square
value, etc. The dynamic legend can be minimized in order to provide more space for the plot area, if needed.

• Scope Ribbon is positioned at the top edge of the Scope area. It supports quick access to basic scope properties,
including scope title, subtitle, and various other aspects of appearance. It also provides easy access to basic
actions, like inserting annotations, saving plot area to PNG format, copying plot area or shown samples to
clipboard, etc. The ribbon also enables accessing Scope Properties Editor dialog, which enables adjustment
of all scope properties.

• Scope Status Bar is positioned on the bottom. It shows the time-stamp of the last update action (T last), as well
as the time elapsed between the last two consecutive updates (Delta T). These information are precious during
a live update session, i.e. when the Real-Time Data Acquisition Function is active. As needed, the status bar
may also be used to display other information as well.

Data Tracker

Data tracker functionality enables the user to access individual data points shown on the plot. The data tracker func-
tionality is available by means of the left mouse button. Just press the left mouse button above the desired point of the
line depicting relevant signal or spectrum, and the data tracker will be shown.

6 Chapter 2. PowerDesk Components
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Fig. 2.4: Signal Scope component showing two signals. The Dynamic Legend component is shown on the right.
Scope Ribbon is shown on the top, while Scope Status Bar is shown in the bottom. The Plot itself fills the rest of the
area.

Fig. 2.5: Signal Scope component with the most significant elements highlighted.
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Fig. 2.6: Scope component with data tracker shown.

Panning and Zooming

Plot area can shown only a detail of the data actually contained within signals and spectra depicted on the Scope. The
zoom level can be set arbitrarily high. Once the desired zoom level is achieved, a user may pan left or right (or up, or
down) in order to focus on a different detail.

Panning is activated by means of the right mouse button, while zooming is linked to the mouse wheel/middle mouse
button.

A user can pan freely simply moving the mouse wheel. Moving the wheel forward will increase the zoom level, while
moving it backward will decrease it. A user can zoom to a rectangular area by pressing the button wheel/middle button
and “drawing” the rectangle on the plot area.

It is possible to zoom only horizontally or vertically by positioning the mouse atop the desired axis area and moving
the mouse wheel. Again, rolling the wheel forward will increase, while rolling it backward will decrease the zoom
level. It is possible to zoom only to a horizontal or vertical rectangular strip simply by clicking the button wheel/middle
button atop of the desired axis (vertical, or horizontal, respectively) and dragging in the desired direction.

The similar hold for panning, which is linked to the right mouse button. Panning is achieved by clicking the right
mouse button and dragging the plot in the desired direction. If only horizontal or vertical panning is required, it is
possible to right-click and drag over areas of individual axis.

Any previous panning and/or zooming actions can be reset by pressing the key A. This action will instantaneously
restore the original axis ranges.

Note

Special care has been taken during the implementation of Perun Scope components showing signals and spectra to
prevent panning or zooming outside the horizontal span of the data. This, in particular, means that it is impossible to
pan or zoom to a time instant before the first signal data sample and after the last one. The similar holds for spectra.

8 Chapter 2. PowerDesk Components
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Fig. 2.7: Illustration of the zoom-to-rectangle functionality.

Fig. 2.8: Illustration of the zoom-to-vertical-strip functionality.
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It is impossible to show frequencies which are smaller than the lowest, or bigger than the highest frequency present at
the spectrum. This does not apply for XY Scope components.

Scope Properties

Scope properties can be adjusted by invoking the Scope Properties Editor dialog. The dialog is invoked by invoking
the Edit Scope Properties command from the Scope Ribbon.

Fig. 2.9: Edit Scope Properties dialog.

There are five basic groups of properties:

• Plot Properties refer to some basic customizations of the plot area itself (including: plot title, color, border
thickness, etc.) and customizations of the static legend.

• Axis properties refer to settings affecting axes labels, titles, units, minor and major ticks, and grid-lines.

• Line properties refer to properties of lines depicting individual signals or spectra on the Scope. These include:
line thickness, style, color, etc.

• Annotation properties enable accessing properties of the individual annotations added to the Scope, including
line-style, color and thickness. Annotation properties also enable existing annotations to be removed from the

10 Chapter 2. PowerDesk Components
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Fig. 2.10: Scope with static legend shown and some basic properties adjusted. Ribbon and Dynamic Legend are
minimized in order to maximize the plot area.

scope.

• Tracker is the vertical line showing the extent of newest data on the plot. It is relevant only when showing live
signals, during an active Real-Time Data-Acquisition session. In such occasions, the signal buffer may contain
both samples of the newest data frame, and samples of the previous one. The samples of the last frame are stored
first, and the older samples follow. The Tracker indicates where one stop and the other start. Therefore, parts
of the signal shown left of the data tracker are the most recent ones, while parts of the signal shown on the right
side of the tracker are older.

The Scope component is highly customizable. Almost all aspects of the appearance can be customized to meet user
needs and desires.

Scope Annotations

Annotations are objects shown on the plot area which are not directly linked to signals or spectra. Although many
different types of annotations may be envisioned, the Perun Scope component currently supports only inserting anno-
tating curves.

In order to insert an annotation activate the Add Annotation command from the Annotations group of the Scope
Ribbon. This command allows for choosing a CSV file holding X and Y coordinates of the desired annotation curve.
The Annotations ribbon group also enables specification of the properties of the annotation before it is added to the
plot. After an annotation is added, its properties can be changed by means of the Scope Properties Editor dialog.

The Scope component is highly customizable. Almost all aspects of the appearance can be customized to meet user
needs and desires.

11
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Fig. 2.11: Scope with Tracker shown.

Fig. 2.12: Scope with a single annotation curve (the yellow one). The picture also shows Annotations group from
the Scope Ribbon.

12 Chapter 2. PowerDesk Components
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Scope Commands

There are several actions that can be invoked for any Perun Scope. For example, the plot area can be copied to
clipboard as a bitmap by invoking Ctrl-C (and also by invoking the appropriate command from the Ribbon). There
is also a possibility of directly saving the plot as a PNG image, as well as an option to copy only data to clipboard,
in a comma-separated-values CSV format. The data can then be pasted into Microsoft Excel or other similar
datasheet editor.

Scope Varieties

Scope components come in several varieties:

Signal Scope

Signal Scope is a specialization of the Perun Scope component custom-made for displaying and visualization of live
signals.

The following functionality is specific for Signal Scope component:

• Tracker is the vertical line showing the extent of newest data on the plot. It is relevant only when showing live
signals, during an active Real-Time Data-Acquisition session. In such occasions, the signal buffer may contain
both samples of the newest data frame, and samples of the previous one. The samples of the last frame are stored
first, and the older samples follow. The Tracker indicates where one stop and the other start. Therefore, parts
of the signal shown left of the data tracker are the most recent ones, while parts of the signal shown on the right
side of the tracker are older.

Fig. 2.13: Signal Scope with Tracker shown.

• Zooming and panning functionalities are horizontally constrained. It is impossible to zoom or pan outside the
time-span of the shown signals.

13
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Spectrum Scope

Spectrum Scope is a specialization of the Perun Scope component custom-made for displaying and visualization of
live spectra.

Fig. 2.14: Spectrum Scope with highlighted area for units selection.

The following functionality is specific for Spectrum Scope component:

• Zooming and panning functionalities are horizontally constrained. It is impossible to zoom or pan outside the
time-span of the shown signals.

• It is possible to choose units for the horizontal (frequency) axis. The default frequency unit is Hertz (Hz),
however, it is also possible to express frequencies as angular (in radians per second), as discrete frequencies
(in radians) and as relative frequency. The last two options are specific for discrete-time analysis. Discrete
frequency is obtained by multiplying angular frequency with the length of the sampling interval. Discrete
frequency of 𝜋 is equal to the Nyquist frequency, i.e. one half of the sampling frequency. Similarly, relative
frequency of 1 is equal to the sampling frequency, etc.

• It is also possible to choose units for the vertical (value) axis. Two options are supported, absolute units and
decibel (dB) units. The connection is well-known, decibel value is 20 times logarithm with base 10 of the
absolute value. Depending on the type of the spectrum one unit system may be preferred over another.

Note. It is not possible to choose logarithmic scaling neither for the frequency nor for the value axis. These axes are
always linear. Naturally, if decibels are chosen as the value unit, vertical axis will be linear in decibels, i.e. logarithmic
in absolute values.

XY Scope

XY Scope is a specialization of the Perun Scope component custom-made for displaying and visualization of pairs of
live signals, where values of the one signals are shown as functions of values of the other.

The following functionality is specific for XY Scope component:

14 Chapter 2. PowerDesk Components
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Fig. 2.15: Spectrum Scope with relative frequencies and amplitudes expressed in decibels.

Fig. 2.16: XY Scope showing a pair of simple harmonic signals, where one is shifted with respect to the other by
𝜋/6.
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• The axes are always of the same aspect ratio! Lengths of horizontal and vertical units are always the same.

2.0.4 Diagnostics Pane

Diagnostics Pane is the main diagnostcs tool of the PowerDesk suite.

Fig. 2.17: Diagnostics Pane showing two success messages.

The Diagnostics Pane has two main areas. The upper area shows basic info regarding all active devices, including
device status and the status of active real-time data acquisition process. The lower part of the pane is reserved for
messages. The messages are color-coded. Success messages are shown in green, while errors are shown in red. Thus,
a user can notice errors quickly and efficiently.

2.0.5 Tag Explorer

Tag Explorer is used to access individual variables inside controller memory.

Fig. 2.18: Tag Explorer enabling access to variables from two different devices.

16 Chapter 2. PowerDesk Components
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The Tag Explorer can be used to access variables from different devices. The data regarding each selected variable is
shown in a separate row within a table. The dropdown list in the Variable Name column enables selection of the
desired variable. For each selected variable, several properties are shown, including address, data type, etc.

The Type column indicates variable type. The variable type is used to properly interpret bit-streams comming from
the device, and also for proper formatting of bit-streams which are sent to device. Variable type are typically loaded
authomatically using compiler-produced variables description files. However, the user is free to change the type if
he/she desires.

The user can initiate read operation for each variable by pressing the Read Tag button. The value obtained by
reading is shown in the Read Value column. If the user wishes to change value of some variable, he/she should
write the desired value in the Write Value column and press Write Tag button. Each time a user initiate write
operation, a read operation will be issues automatically. Thus, the user need only inspect the Read Value field in
order to see if the write operation has been successfull or not.

Clearly, the user will often want to change values of certain variables frequently. This is true, for example, for some
controller parameters during fine-tuning of the closed-loop performance. In this case the need to click the Write
Tag button each time would be cumbersome. In such cases, the user is advised to check the Automatic Write?
check-box which ensures that a write request will be issued automatically (followed by a read request) as soon as the
Write Value field is changed.

On the other side, there are some variables that must not be changed accidentally. In such cases, it would be nice to
have some method of preventing any accidental write operation that migh occur. This is the reason for existence of the
Read Only? check box. Once checked, no modification of the selected variable will be allowed.

2.1 Perun Hardware Link (HwLink)

The main purpose of the PowerDesk software suite is to enable direct communication with appropriate hardware
devices. We call this central and fundamental part of our software Hardware Link, or HwLink.

Various functionalities of HwLink are integrated into different components of PowerDesk. For example, different
functionality related to the actual underlying hardware devices can be accessed through Project Explorer, Tag Explorer,
or Diagnostics Pane.

In this document, we focus on the overall procedure for connecting to and communicating with LARA-100 devices.

2.1.1 Contents

Managing Projects

First step in using PowerDesk is to create a new project, or load an existing one. Both actions are available from the
Ribbon Menu of the Main Window.

Creating a New Project

The new project is created by invoking the New Project command, which invokes the New Project Dialog.

The new project dialog enables specification of the project name, the device type, assigning the name of the device and
a one-letter prefix to be used for data channels associated to the newly configured device.

Since it is possible to be simultaneously connected to two different devices, the device name enables distinguishing
between them. Channel prefix is used for the same purpose, in order to make distinction between channels originating
from the two devices.

2.1. Perun Hardware Link (HwLink) 17
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Fig. 2.19: New Project Dialog with default properties.

There are two possible device types, LARA-100 and Simulator. The simulator is useful for familiarizing with the
software. Whenever one desires to communicate with the actual device, one should choose LARA-100.

Note that in this point we do not make connection to any particular physical device. We only choose the type of the
device. The connection attempt will be made after.

Saving and Loading Projects

Projects can be load from a file, or saved to a file, by invoking appropriate commands from the Main Window
Ribbon Menu. PowerDesk projects are stored in files having extension PDP, which is short of PowerDesk Project.
Internally, it is just an XML file with an appropriate schema.

When saving and restoring projects, all aspects of the user workspace are preserved and restored, including layout of
the panes, content of the scopes, properties of the channels and variables, etc.

Managing Connections

Once the project has been created, and an appropriate device is selected, the device needs to be configured and con-
nections needs to be established.

Device Configuration

In order to configure the device, invoke Configure Device command. This command can be invoked in two different
ways. First, it is possible to access it from the Project Explorer, by right clicking on the item representing the device
and choosing the appropriate command. Second, it is possible to select Configure All Devices command from the
Ribbon Menu of the Main Window.

The difference between the two options is noticeable only when there are more than one selected device. By invoking
the command from the project explorer, it is possible to configure one particular device. On the other hand, by invoking
the Configure All Devices command from the Ribbon, one attempts to configure all devices at once.

18 Chapter 2. PowerDesk Components
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Fig. 2.20: The look of the PowerDesk Main Window after a new project has been created.

Once the command is invoked, the following Configure Device Dialog is prompted to the user enabling selection of
actual device. Once the device is configured, further actions can be performed.

Fig. 2.21: Configure Device dialog, enabling selection of the appropriate device, and configuring connection param-
eters.

The only notification of successful configuration is a success message in the Diagnostics Pane. It is important to
realize that no actual connection to the device is attempted at this point. This will happen once we invoke the Connect
command.

2.1. Perun Hardware Link (HwLink) 19
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Fig. 2.22: The look of the PowerDesk Main Window after configuration has been successfully performed. The
panes have been layout carefully so that all major components of PowerDesk are visible.

Connecting to Device

In order to connect to the device, invoke Connect command. This command can be invoked in two different ways.
First, it is possible to access it from the Project Explorer, by right clicking on the item representing the device and
choosing the appropriate command. Second, it is possible to select Connect To All Devices command from the
Ribbon Menu of the Main Window.

The difference between the two options is noticeable only when there are more than one selected device. By invoking
the command from the project explorer, it is possible to establish connection to one particular device. On the other
hand, by invoking the Configure All Devices command from the Ribbon, one attempts to connect to all devices at
once.

Successful connection to a device is followed by a number of success messages displayed in the Diagnostics Pane.
Note also that device status has been updated, in the Diagnostic Pane and in the Project Explorer. Also note the
green led-like bulb followed by the green No Error message in both panes.

Note that it is possible that an error message appears instead of the No Error one (in which case the bulb will be
red, not green). These messages do not originate from the control code running on DSP, but from the communication
chip, and are related to the LARA-100 hardware. If the invertor is not properly powered, which may be a completely
regular situation, a software may signal an error at this point.

Validating the Connection

In order to validate the connection with the control code, it is necessary to load a Variable Definition File first. In
order to do so, right click on the Variable description file has not been specified field below
the device name in the Project Explorer.

The variable description file (VDF) contains all variable definitions used by the DSP code. Three different types of
files can be used as VDF s: OUT and MAP files generated by the compiler, or XML files which are generated by the

20 Chapter 2. PowerDesk Components
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Fig. 2.23: The look of the PowerDesk Main Window after connection to the device has been successfully established.

ofg6x tool. Whatever file type one chooses, variable definitions will be loaded, and it is possible to proceed using
the PowerDesk for controlling the system.

As soon as a VDF is selected, the PowerDesk will regularly query for the value of the variable called Perun_Flags.
This variable contains indications of errors which are seen by the DSP software. Evaluation of this variable serves
as a kind of a hart-beat of the software, because every read request and every subsequent acknowledge from the
LARA-100 DSP will be shown in the Diagnostics Pane.

Flags_Perun and Error Handling

Flags_Perun is a 32-bit variable that enables the users to specify different kinds of errors that may emerge during DSP
processing. In the error-free case, all bits are zero. Every non-zero bit indicates a specific error. The meaning of each
error bit can be defined by invoking the Specify User-Defined Errors dialog, which can be invoked by right clicking
on the device name in the Project Explorer and invoking Configure Errors command.

For each error bit, one can specify error name, which should be short but clear indication of the error type, and a
longer error description.

In case an error occurs, this will be indicated in the Diagnostics Pane. Since the Flags_Perun is being polled ap-
proximately twice each second, a new error message will be inserted into the Diagnostic Pane with roughly the same
frequency, as long as the error is present.

Disconnecting from a Device

Once the connection to a device has been established, the Connect to All Devices Command is replaced by Discon-
nect from All Devices in the Ribbon Menu of the Main Window.

In order to disconnect from the device, invoke Disconnect Command. This command can be invoked in two different
ways. First, it is possible to access it from the Project Explorer, by right clicking on the item representing the device

2.1. Perun Hardware Link (HwLink) 21
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Fig. 2.24: The look of the PowerDesk Main Window after connection to the device has been successfully established
and VDF file has been selected. Note the interleaved messages saying Message sent to device (green) and Device
acknowledge (blue) in the Diagnostics Pane.

Fig. 2.25: Specify User-Defined Errors dialog, with only the first error bit specified.

22 Chapter 2. PowerDesk Components
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Fig. 2.26: Main Window when Flags_Perun variable is set to 0x01. Note that the diagnostics pane issuing an error
message (red) each-time a new value of Flags_Perun is received.

and choosing the appropriate command. Second, it is possible to select Disconnect from All Devices command from
the Ribbon Menu of the Main Window.

The difference between the two options is noticeable only when there are more than one selected device. By invoking
the command from the project explorer, it is possible to disconnect from each particular device. On the other hand,
by invoking the Disconnect from All Devices command from the Ribbon Menu, one attempts to disconnect from all
devices at the same time.

Managing Real-Time Data Acquisition

Once the project has been created, the appropriate device is selected, and the connection has been established and
verified, it is possible to configure and start a Real-Time Data Acquisition (RT-DAQ) session.

RT-DAQ Configuration

In order to configure RT-DAQ, invoke Configure RT-DAQ command. This command can be invoked in two different
ways. First, it is possible to access it from the Project Explorer, by right clicking on the item representing the
device and choosing the appropriate command. Second, it is possible to select Configure RT-DAQ command from
the Ribbon Menu of the Main Window.

The difference between the two options is noticeable only when there are more than one selected device. By invoking
the command from the project explorer, it is possible to configure RT-DAQ on one particular device. On the other
hand, by invoking the Configure RT-DAQ command from the Ribbon, one attempts to configure all devices at once.

Once the command is invoked, the following Configure RT-DAQ Dialog is prompted to the user enabling configura-
tion of the RT-DAQ session on the actual device.

The Configure RT-DAQ Dialog enables configuration of the following parameters:

2.1. Perun Hardware Link (HwLink) 23
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Fig. 2.27: Configure RT-DAQ Dialog with all properties at their default values.

24 Chapter 2. PowerDesk Components



PowerDesk Documentation, Release 2017.1

• Decimation and Sampling Rate * Sampling rate specifies the base inter-sampling interval, which is governed
by the underlying LARA-100 hardware. It is important for the value specified here to be equal to the sampling
rate configured in the actual hardware. If this is not so, the plotting of signals and spectra, filtering and other
signal processing functionality may not work correctly. * Decimation is an integer number specifying which
basically specifies the downsampling rate with respect to the sampling rate specified above. The actual inter-
sampling interval of signals coming from the LARA-100 device will be sampling_rate * decimation.
The information regarding the actual sampling rate is indicated in green at the bottom of the Decimation and
Sampling Rate group.

• Analog Channels are variables from the underlying DSP code that will be acquired during a RT-DAQ session.
For each variable, it is important to select the type which can be either Singe or Integer32 (it must not be Other
which is the default value). Before a type is selected, a box must be checked which enables type selection. The
allowable number of selected channels are 1, 2, 3, 4, 6 and 8. It is not possible to specify 5 or 7 channels. If an
invalid number of channels is selected, if some of the selected channels do not have specified type, or if some
of the selected channels are invalid an appropriate error will be indicated below the Analog Channels group. In
this case, it will not be possible to confirm the configuration, since the OK button will be disabled.

• Trigger Properties enable one to define trigger-related properties. * Two trigger modes are supported: Auto
(the default) and Normal. In the Auto mode triggering is disabled, and new data will be received as soon
as they are available on the device. In the Normal mode, new data will be sent only if trigger condition is
satisfied. * Trigger Source is the variable for which the trigger condition is evaluated. Trigger source may or
may not be included in the analogue channels which are configured for RT-DAQ. * Trigger is activated once the
source signal passes the trigger value, either from above to below (falling edge trigger), or from below to above
(raising edge trigger). * Relative offset can also be specified, designating relative offset between a triggering
instant and first transmitted sample.

Once the configuration is specified. The dialog will indicate what will be the length of each individual channel, both
in sampling instants and in absolute time. This is important because the total number of values transmitted at every
RT-DAQ frame is constant, equal to 4080 samples. This number is evenly distributed among each of the configured
channels (explaining also why 5 and 7 are invalid number of channels).

By pressing OK, the RT-DAQ session is successfully configured. This can be seen in several ways. First, the RT-DAQ
status is changed, which is indicated in the Diagnostics Pane. Second, the Start RT-DAQ command is enabled in the
Ribbon Menu of the Main Window.

Starting RT-DQ session

As always, there are two ways to start an RT-DAQ session. The first one is by right clicking on the name of the device
in the Project Explorer, and then selecting the Start RT-DAQ Command from the drop-down menu. Alternatively,
one can choose Start RT-DAQ from the Ribbon Menu of the Main Window.

Once the session has been started, one can see the change in the selected analog channels by opening a Signal Scope,
for example, and dragging the desired channel from the Project Explorer.

Note that once the scope is started, the cyclic poling of the Flags_Perun variable is not stopped. This is because
the Flags_Perun is actually transmitted with every scope frame. Therefore, all error messages are regularly sent to
the application and it remains responsive to any device-related errors.

Stopping RT-DAQ session.

The RT-DAQ session can be stopped in the two usual ways. Note that once the session has been initiated, the Start
RT-DAQ command in the Main Ribbon is replaced by the Stop RT-DAQ command.
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Fig. 2.28: Configure RT-DAQ Dialog with first two analog channels configured for RT-DAQ.
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Fig. 2.29: Main Window with a Signal Scope showing one of the channels selected for RT-DAQ. Channel values
are constantly updated, which can be verified either by noticing changes in the data, or by inspecting the Scope Status
Bar.

Changing RT-DAQ configuration

RT-DAQ configuration can not be changed during an RT-DAQ session is active. In order to change the configured
analog channels, decimation or trigger settings, it is necessary to first stop RT-DAQ, reconfigure and then start it again.

Setting and Resetting Device Errors

The PowerDesk software communicates with LARA-100 devices in two different ways. Each device is equipped
with a DSP processor, to which a serial communication channel is established. A different, simpler and direct com-
munication channel exists between the software and the underlying hardware using designated GPIO lines.

As soon as a connection is established towards a Lara-100 device, PowerDesk software starts polling error GPIO
lines in order to detect any hardware-related errors. These errors are of high priority, and their status is always visible,
both in the Diagnostics Pane and in the Project Explorer, next to the name of the associated device.

It is possible to signal a hardware error directly from Perun PowerDesk by invoking the General Stop command,
which can be located either on the Main Ribbon or from the device drop-down menu. This command serves as a
software emergency stop, or software panic button and it forces the device to stops its operation in the safest way
possible.

Any device related error signals can be reset by invoking the General Enable command, which is opposite to the
General Stop in the sense that it cancels it. After calling the general enable, the device should ‘’recover” from any
previous invocation of General Stop.
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2.2 Signal Processing and Analysis

Dynamic Systems Toolkit (DST) is a part of Perun PowerDesk responsible for live signal processing and signal
analysis in general. Most of the toolkit’s functionality can be accessed easily by means of the Ribbon Menu. However,
it is also possible (and sometimes even easier) to invoke the functionality using the Project Explorer.

Fig. 2.30: PowerDesk Main Window Ribbon Menu with highlighted group of controls used for accessing DST-
related functionality.

Dynamic Systems Toolkit operates with two types of items: signals and spectra. Signals are quantities that depend
on time. They can be measured or generated according to some pre-specified functional specification. Spectra are
quantities that depend on frequency. A spectrum is always related to some signal, from which it is obtained by means
of the Discrete Fourier Transform (more precisely by means of the FFT algorithm).

Each DST item is characterized by a unique name. Once an item is created, PowerDesk proposes some descriptive,
default name to it. For example, if a signal is named Signal, then the corresponding spectrum is named Spectrum
of ’Signal’. A similar naming convention is applied for other types of signal transformations.

The following processing and analysis tools are supported within PowerDesk:

2.2.1 Adding custom signals

A custom signal is a signal whose values are defined by a custom expression, hence the name. Custom signals are used
for a number of reasons. For example, one can use a pre-defined custom signal to represent the desired (reference)
value in a control application, or to represent an ideal shape of a certain quatity. These ideal values can then be shown
in parallel with signals obtained by measurements.

In fact, all signals within DST hierarchy are equivaent, and can be combined with one another in a number of ways.
For example, they can be used in computations to derive further signals. It is therefore possible, for example, to create
a signal which will be equal to the difference between the actual (observed, measured) signal and the ideal one. This
new signal will be live in the sense that it will updated as soon as one of its arguments changes, for example when new
measurements are available.

A custom signal is created by invoking the Add Custom Signal... command from the Main Window ribbon control.
Once the command is invoked, the Define Custom Signal dialog appears, which enables setting properties of the
newly created signal.

Basic properties one can define for each custom signal are:

• Signal Name : The human-readable name used to uniquely identify the signal within the workspace.

• Sampling Interval : The time interval between two consecutive signal samples.

• Initial Time : This is the time instant of the first signal sample. This property is normaly set to 0, but it can be
set also to other values if one desires to achieve time shifts in the generated data.

• Number of samples : This is the number of points (time instants) at which signal values are going to be
calculated.

28 Chapter 2. PowerDesk Components



PowerDesk Documentation, Release 2017.1

Fig. 2.31: The Define Custom Signal dialog.

Apart from basic properties, which are more-or-less self explanatory, the dialog enables specifying the expression for
the custom signal. When defining custom signals, the time variable should allways be represented using the letter t.
The expression syntax is fairly general. More details can be found in Expression Syntax.

2.2.2 Adding Static Signal Mappings

A static signal mapping is a point-wise transformation of one signal into another. This is a mapping in which every
signal sample is transformed independently of other samples. Oposite kind of signal transformations are dynamic
transforms, including filtering (see Performing Spectral Analysis), where each sample is mapped taking in considera-
tion values of its neighbouring samples.

Some well-known and widely used examples of static or point-wise mappings are:

• scaling : multiplication of signals with a constant

• value shift or offset : adding a constant to a signal

• various nonlinear transforms, including finding square roots or powers of signal values.

Note also that any combination of pint-wise mapping is itslef a pointwise transform.

To create a static signal map in Perun PowerDesk, simply choose Add Static Signal Mapping ... option from the
Main Window Ribbon Menu. The following dialog appears

The dialog allows for defining the source signal, i.e. the signal to be mapped, the name of the transformed signal,
and the expression used to transform the source signal. The expression uses symbol x to denote the value of the source
sample. Otherwise, the syntax is common and straightforward to use. For more details see Expression Syntax.
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Fig. 2.32: The Define Static Signal Map dialog.

2.2.3 Adding Binary Static Signal Mappings

A binary static signal mapping is a point-wise transformation of two signal into a single resulting one. Probably the
best known and most widely used static binary transformation of signals is multiplication, where each sample of the
resulting signal is obtained by multiplication of the corresponding samples of the source signals. This is the default
binary transformation in PowerDesk, but any mathematically valid transform can be used as well.

Note also that any combination of point-wise mapping is itslef a pointwise transform.

To create a binary static signal map in Perun PowerDesk, simply choose Add Binary Static Signal Mapping ...
option from the Main Window Ribbon Menu. The following dialog appears

Fig. 2.33: The Define Binary Static Signal Map dialog.
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The dialog allows for defining source signals, the name of the resulting transformed signal, and the expression
used to transform source signals. Symbols x and y are used in the expression to denote values of the first and the
second source signal, respectively. For more details regarding expression syntax see Expression Syntax.

It is important to stress that the two source signals must be compatible in order for them to produce a valid binary statis
mapping. Compatible signals have the same initial time, the same sampling rate and the same length. If any of these
values are different in one source signal compared to the other, the mapping will be considered invalid. When invalid
mapping is encountered, the resulting signal is filled with NaN values. These values are not displayed in scopes.

2.2.4 Adding Filtered Signals

At this point PowerDesk Dynamic Systems Toolkit allows signal filtering by first order filters only. In order to filter a
signal just select Add Filtered Signal command from the Main Window Ribbon Menu. Once you do so, the Define
Filtered Signal dialog appears.

Fig. 2.34: The Define Filtered Signal dialog.

Appart from enabling selection of the source signal, the dialog enables the user to specify the name of the newly
created, filtered signal. In addition, the user can enter filter parameters, including cut-off frequency in radians per
second and gain*.

In spirit of DST, once added the filtered signal is live, meaning that any change in the source signal will instantly
propagate and be reflected to the filtered one.

Magnitude plot, showing filter gain in decibels as a function of input signal frequency (in radians per second) is also
shown. The figure is updated any time the user changes filter parameters (cut-off frequency or gain).

2.2.5 Performing Spectral Analysis

In order to obtain spectrum of a signal it is enough to right-click on the signal in the Project Explorer, and from
the drop-down menu choose Compute Spectrum command. As a result, a new spectra will be added to the
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workspace. This spectra can be accessed by means of the Project Explorer, under Project/Signals &
Spectra\Spectra tree-item.

Fig. 2.35: An example of PowerDesk with Signal Scope in the left and Spectrum Scope in the right, showing a
signal 𝑒−2𝑡 sin(20𝜋𝑡) and its spectrum.

2.2.6 Expression Syntax

The expression is parsed using NCalc library, a mathematical expression evaluator library for .NET, see
https://ncalc.codeplex.com/. The independent variables depend on the actual context to be used. For example, when
defininf custom expressions as in Adding custom signals the independent variable is interpreted as a time variable and
is denoted by t. Other letters are used for independent variables in other places. The proper choice of the independent
variable is allways described clearly and visibly.

All basic arithmetic operations can be used, and basic mathematical functions are supported. Please note that math-
ematical functions are written using first upper-case letter, sin it is Sin not sin, Exp not exp, etc. The suported
functions can be found at https://ncalc.codeplex.com/wikipage?title=functions&referringTitle=Home.

Some basic mathematical constants are also pre-defined. The expression evaluator will substitute any occurance of the
symbol Pi with an approximate value of 𝜋 (which is 3.14159265359). Similarly, eany occurance of symbol E will be
replaced by approximate value for the base of the natural logarithm, 𝑒, which is approximately 2.71828182846.
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