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Key features

1 Welcome to the R&S Pulse Sequencer Digi-
tal

The R&S Pulse Sequencer Digital is an application that generates complex pulse sig-
nals by using predefined, configurable test scenarios with different complexity. You can
simulate the signals of different emitter and receiver configurations, including antennas
and scan types.

The R&S Pulse Sequencer Digital software is a standalone, PC-based application that
creates simulated signals that you can export to a customized plugin. You can use
R&S Pulse Sequencer Digital for example to perform radar receiver tests and for
research and development.

Licenses
A license is not required for the demo version of the application.

To obtain a license provider (R&S PULSE-LPA) and license activation codes for
R&S PULSE-K32 or R&S PULSE-K39, contact Rohde & Schwarz support.

For details, see:

® Description of the key features: Chapter 1.1, "Key features", on page 11.

® |icenses: Chapter 2.3, "Licensing", on page 19.

Installation

For details on installation and activating licenses, see:
® |nstallation instructions included in the delivery of the option.
® Instructions described in Chapter 2.2, "Installing the software", on page 17.

1.1 Key features

R&S PULSE-K32 standard features:
® Pulse definition

® Modulation on pulse with all major formats like chirps, Barker codes, polyphase
codes, PSKs, AM, FM

® Single pulse, pulse train generation with repetition count per pulse
® Powerful sequencing tool with loops, nested loops, and fillers

® Inter-pulse modulation of amplitude, phase, frequency, etc. values from pulse to
pulse

® (Calculation of signal under consideration of one-way free space propagation
according to emitter and receiver location on the 2D map

® Import of PDW files

® A "Platform" element that represents a real-world vehicle that can contain multiple
emitters.
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Key features

® The realization is similar to the DF receiver model.
® Platforms are mapped to a certain inertia profile (car, ship or plane).
® Platforms have a tactical icon in dynamic scenarios.

® Three-dimensional placement of emitters on the platform via 3-axis concept (X, Y
and 2).

® A 2D and 3D preview of the emitter placement.

® Emitter definition by signal, antenna diagram, antenna scan, attitude information,
EIRP, and carrier frequency

® Antenna diagram definition and antenna scan definition

® Antenna diagrams like pencil beams, cosecant beams, Gaussian diagrams, user-
defined antenna diagrams, phased array antenna diagrams

® Antenna scan types like helical scans, circular scans, conical scans
® Receiver definition by antenna diagram, antenna scan, and attitude information

R&S PULSE-K39 expert features:

® Allows merging of multiple PDW lists in the "PDW list (Collection)" scenario type or
multiple emitters in the "Emitters (Collection)" scenario into a single output file.
The feature uses a priority scheme for dropping or just merges the pulses even if
they overlap in time

® Enhances the localized and direction finding scenario types by movement profiles
for emitters and receivers

® Predefined line and arc movements for simple movement traces
® \Waypoint generation from user-defined "Traces" in the GUI

® Waypoint import interface for complex movement traces

® WGS84 waypoint interface and import of NMEA waypoints

® [Import of Google Earth and Google Maps . km1files

® East-North-Up (ENU) 2D vector trajectory interface (line, arc) for automatic way-
point generation

® Motion interface for dynamics input (velocity vector or velocity magnitude) in ENU
and WGS84

® Predefined waypoint files for land vehicles, ships, aircraft and spacecraft

e User-definable and predefined vehicle description files for land vehicles, ships, air-
craft and spacecraft

® Smoothing of waypoints using vehicle description files
® Use georeferenced maps as visual backgrounds for 2D and 3D map views.
® |mport the following map formats:

— GeoTIF

® Create trajectories using the "Trace" function.
This function uses a series of user-selected points on the map (i.e. a user-defined
trace) to generate waypoints, automatically.

® Dedicated direction finding scenario and receiver element with multiple antennas
and individual positioning
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Documentation overview

® Direction finding receiver definition with up to 20 antennas with individual position-
ing and pointing

1.2 Accessing the R&S Pulse Sequencer Digital

To open the application
» On your PC, select "Start > R&S Pulse Sequencer Digital > R&S Pulse Sequencer
Digital".

The software opens and per default displays the last opened workspace.

1.3 What's new

This manual describes software version V2.7 and later of the R&S®Pulse Sequencer
Digital.

Compared to the previous version, it provides the following new features:

® Functions to improve the user experience

— Enhanced toolbar, see Chapter 2.5, "Understanding the displayed information”,
on page 24.

— Added import function to the repository menu, see Chapter 4.2, "Repository
manager settings", on page 64.

— Filtering of search results according to entered search string in various dialogs,
for example see Chapter 4.3, "Repository view", on page 67.

— Defining the settings according to the workflow when creating a scenario, see
Chapter 5.2, "Scenario settings", on page 74.

e Editorial changes.

1.4 Documentation overview

This section provides an overview of the R&S Pulse Sequencer Digital user documen-
tation. Unless specified otherwise, you find the documents on the R&S Pulse
Sequencer Digital product page at:

https://www.rohde-schwarz.com/manual/pulse-sequencer/
1.4.1 User manuals and help

Introduces the R&S Pulse Sequencer Digital and describes how to start working with
the product. Includes basic operations, typical examples, general information, and the
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Notes on screenshots

description of all software modes and functions. It also provides complete description
of the remote control commands with programming examples.

The contents of the user manuals are available as help in the R&S Pulse Sequencer
Digital. The help offers quick, context-sensitive access to the complete information.

All user manuals are also available for download or for immediate display on the Inter-
net.

1.4.2 Data sheets
The data sheet contains the technical specifications of the R&S Pulse Sequencer Digi-
tal. It also lists the options and their order numbers as well as optional accessories.

See https://www.rohde-schwarz.com/brochure-datasheet/pulse-sequencer/.

1.4.3 Release notes and open source acknowledgment (OSA)
The release notes list new features, improvements and known issues of the current
firmware version, and describe the firmware installation.

The open source acknowledgment document provides verbatim license texts of the
used open source software.

See https://www.rohde-schwarz.com/software/pulse-sequencer/.

1.4.4 Application notes, application cards, white papers, etc.

These documents deal with special applications or background information on particu-
lar topics.

See https://www.rohde-schwarz.com/application/pulse-sequencer/.

1.5 Scope

This user manual contains a description of the functionality that the software provides,
including remote control operation.

1.6 Notes on screenshots

When describing the functions of the product, we use sample screenshots. These
screenshots are meant to illustrate as much as possible of the provided functions and
possible interdependencies between parameters. The shown values may not represent
realistic usage scenarios.
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Notes on screenshots

The screenshots usually show a fully equipped product, that is: with all options instal-
led. Thus, some functions shown in the screenshots may not be available in your par-
ticular product configuration.
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R&S®PULSE-K32/-K39 Getting started

2.1

Required options and licences

Getting started

This section describes the basic steps to be taken when starting up the R&S Pulse
Sequencer Digital for the first time.

e Required options and lICENCES..........ccceeiiiiiieeeeeecrrre e e e e e e e e e e e e e eeeaees 16
o Installing the SOfWArE.........uuviii e 17
L I I T o ] o T TSR 19
e Starting the R&S Pulse Sequencer Digital for the first time.........cccccco oo 21
e Understanding the displayed information.............ccceeeiiiiei e 24
e Software concept in brief........cooo i ———— 29
o Means of USers INteraction...........oooii i 31
o Trying out the SOftWAIE.....ccoi i 34
o Customizing the SOftWAre..........eeeeeee e 45
o Getting information and help........cooi i 49

Required options and licences

The R&S Pulse Sequencer Digital software is a standalone, PC-based application that
creates digital simulation data for the verification of software algorithms, digital training
and digital validation of ELINT systems.

The R&S Pulse Sequencer Digital is available in three operation modes:

® Demo
A demo version that enables you to try out some of the main features of the appli-
cation including access to the visualizations. However, you cannot export simula-
tion data.
This option does not require a license.

e Standard (R&S PULSE-K32)
A standalone application offering basic simulation features. Provides a range of
standard features and functionality, including exporting of simulated signal data
Requires a license.

e Expert (R&S PULSE-K39)

An optional extension to R&S PULSE-K32 that provides expert functionality.
Requires a license.

Any of the licensed modes require a license dongle. The license provider R&S PULSE-
LD is available as a separate product and must be ordered in addition to the software
licenses.

For information about licenses, see Chapter 2.3, "Licensing", on page 19.
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2.2 Installing the software

Software updates and the release notes describing the improvements and modifica-
tions are available for download at the product page https://www.rohde-schwarz.com/
software/pulse-sequencer/.

The following software components must be installed to run the R&S Pulse Sequencer
Digital successfully:

® RA&S License Server

® VISA (Virtual Instrument Software Architecture)

The R&S License Server is installed automatically during installation of the R&S Pulse
Sequencer Digital. VISA can be installed directly during installation of the R&S Pulse
Sequencer Digital, or manually, independently of the R&S Pulse Sequencer Digital
installation. We recommend that you use the R&S VISA driver. The R&S VISA driver is

supplied with the R&S Pulse Sequencer Digital installation file, and can be installed
together with the R&S Pulse Sequencer Digital software.

Software and hardware requirements

Minimum requirements:
e Software

— Microsoft®Windows 10, 64-Bit operating system (x64-based or x86-based pro-
cessor)

e Hardware

Table 2-1: Hardware requirements

Minimum requirements Recommended hardware

AMD or Intel CPU Dual Core, 2 GHz Intel 8 Core i7 10700, AMD Ryzen
series

RAM 22 GB 64 GB

Video NVIDIA Quadro 128 MB or ATI Radeon NVIDIA Quadro 128 MB or ATI
Radeon

Video resolution > 1280 x 1024 pixels > 1920 x 1200 pixels

Network LAN 1 GB/s LAN 1 GB/s

To install the software

Download the R&S Pulse Sequencer Digital software form the Rohde & Schwarz web-
site.

The R&S Pulse Sequencer Digital software consists of the file
PS-DIGITAL-Install <major>.<minor>.<build>.<release>-x64.msi.

1. Start the
PS-DIGITAL-Install <major>.<minor>.<build>.<release>-x64.msi
file.
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The filename follows the naming conventions:
e <major>.<minor> is the software version
e <build> is the build number.
This is the day elapsed since 1 January 2000
e <release> indicates the release on the build date.
This is 1/10 of the number of seconds elapsed since midnight.
e x64 indicates that this is a 64-bit installation file.
You can run the software version with the extension x64 only on a 64-bit oper-
ating system, see "Software and hardware requirements" on page 17.

2. Depending on your user rights, select one of the following:
a) Installation for all users (default)

Requires administrator rights

Is a per-machine installation

Project data and program data are common to all users
Users keep their individual settings

b) Installation for current user only

e Does not require administrator rights
e s a per-user installation
e Installation in $HomePath%

3. Choose the setup type.
4. Follow the installation instructions.

The installer performs the following actions:

If enabled, installs the R&S VISA software on the PC

Installs the R&S License Server

Installs the R&S Pulse Sequencer Digital software including an uninstall tool
Creates a shortcut on the desktop

Creates the folder structure listed in Table 2-2.

Table 2-2: Default file location (software installation for all users)

File type File location
Program data $PROGRAMFILES (X86) $\Rohde-Schwarz\
Pulse Sequencer Digital
(Path)
Project data (Repository data- $PUBLICS%\Public\Documents\Rohde-Schwarz\
base) Pulse Sequencer Digital
SDK files (DataPath)

Report files, startup log file, calcu- | *HOMEPATHS%

lated data, volatile data (HomePath of ReportPath)

User settings (Workspace, etc.) $HOMEPATHS \AppData\Roaming\Rohde-Schwarz\
Pulse Sequencer Digital
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2.3 Licensing

A license is not required for the demo version of the R&S Pulse Sequencer Digital.

Running the R&S Pulse Sequencer Digital in standard mode requires a valid core
license R&S PULSE-K32, and, depending on the desired features, additional licenses
for options, like R&S PULSE-K39 for expert mode are required.

R&S PULSE-LD

The R&S Pulse Sequencer Digital software requires a smart card containing the soft-
ware license to be connected to the PC when you are using the software. The

R&S PULSE-LD license provider contains the purchased software license and consists
of a smart card and a USB dongle. The R&S PULSE-LD is available as a separate
product and must be ordered in addition to the software.

To obtain the license provider R&S PULSE-LD and license activation codes for
R&S PULSE-K32 or R&S PULSE-K39, contact Rohde & Schwarz support.

Using the license provider R&S PULSE-LD

1. The R&S PULSE-LD license provider consists of a smart card in full format and a
USB smart card reader (dongle).

& ROHDE&SCHWARZ

2. Break out the smart card in SIM format.

3. Twist out the upper part of the smart card reader.
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4. Insert the smart card with the chip facing upwards and the angled corner facing the
USB dongle, whose "Rohde & Schwarz" label is also facing upwards.

The license provider is ready for use on any USB interface.

6. Connect the license provider to the PC the R&S Pulse Sequencer Digital is running
on.

The R&S License Server, that is installed automatically with the R&S Pulse
Sequencer Digital installation, detects the license provider and the software licen-
ses.
The software is ready to use.

Activating licenses

When you order a license and a license provider at once, the purchased licenses are
already registered, activated and are delivered on the license provider.

If you purchase a license, for example R&S PULSE-K39, at a latter time, you receive a
license key, registered for your license provider and need to activate the license.

1. Connect the license provider to the PC the R&S Pulse Sequencer Digital is running
on.

Open the "R&S License Server".
Select "Activate".

In the License Key field, enter the registered license key you have received.

o >~ o DN

Follow the instructions.
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6. Restart the "R&S License Server".
7. Start the R&S Pulse Sequencer Digital.

Missing licenses

If the R&S Pulse Sequencer Digital complains about missing licenses, run the R&S
License Server Manager browser application.

1. On the R&S Pulse Sequencer Digital PC, select "Windows" > "Start" > "R&S
License Server" > "R&S License Server Manager".

2. Check if the required R&S PULSE-LD license is visible in the "Licenses > Licence
providers" tab.

3. Check if the required R&S PULSE-K32 or R&S PULSE-K39 licenses are visible in
the "Licenses > Licences" tab.

For more information, on the R&S License Server:

e Inthe "R&S License Server Manager" web interface, click the "Help" icon.

e Open Windows start menu and select "Open License Server Manual" to access
the R&S License Server user manual in PDF format.

2.4 Starting the R&S Pulse Sequencer Digital for the first
time

1. Check that you have a valid license registered on your PC.

Note: If you do not have a license provider and license registered yet, you can run
the software in demonstration mode. Continue with this procedure and select
"Demo Mode" from the list of options.

2. Onyour PC:

a) Select "Start > R&S Pulse Sequencer Digital > R&S Pulse Sequencer Digital"
or
b) Double click the shortcut icon on the desktop.

The "Pulse Sequencer Digital Mode / License Server" dialog opens.

User Manual 1179.3873.02 — 06 21



R&S®PULSE-K32/-K39 Getting started

Starting the R&S Pulse Sequencer Digital for the first time

B Pulse Sequencer Digital Mode / License Server x

Pulse Sequencer Digital Mode

Demo (limited PDW export)
Repositories created in this mode cannot be reused in other modes!

Standard (requires PULSE-K32 option)
Repositories created in this mode can be opened only in Standard and Expert mode!

P Expert (requires PULSE32 and PULSE-K39 options)
Repositories created in this mode can only be opended in Expert Mode!

License Server:

Controls Eu - Restari “ud Dir @)

Status connected

PULSE-K32 (license type 'emulated, valid until -}

Installed Optians  p) g 39 (license type ‘emulated, valid until ')

Checked Options -

B Start (D Exit App

Note: Dialog options correspond to registered licenses. You cannot select an
option in the dialog unless the required license is registered. "Installed Options"
displays the available licenses.

3. Inthe "Pulse Sequencer Digital Mode / License Server" dialog, select the required
mode from the available options.

a) For example, select "Pulse Sequencer Digital Mode = Demo".

This option is always available, with or without license.

Select this option if you want to experiment with the R&S Pulse Sequencer Dig-

ital functionality without producing PDWs.

b) If the respective license or combination there of are available and registered,
select one of the following options:

e "Pulse Sequencer Digital Mode = Standard (requires R&S PULSE-K32)"
Select this mode if you want to create PDWs from scenarios that do not
require advanced functions such as DF and maps.

e "Pulse Sequencer Digital Mode = Expert (requires R&S PULSE-K32 and
R&S PULSE-K39)"

Select this mode if you require advanced functions such as DF, interleav-
ing, movements and maps.

4. Select "Start".
The "Startup Assistant" opens.
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Introduction "‘&

Welcome to R&S Pulse Sequencer. qF
What do you want to do next? " ’

@ Restore the last workspace
Create a repository
Open a repository
Start with empty workspace

~’| Show this wizard on startup

Finish

5. Select "Create a repository" > "Finish".

6. Follow the instructions. Use the default settings when starting R&S Pulse
Sequencer Digital for the first time.

A new repository ("New_<Year>-<Month>-<Day>T<Time>") is created that con-
tains a simple scenario ("SimplePulseTrain").
Your workspace resembles the one shown in the following figure.

@ = @ @

K Documentation Ol Aty Scrsensnot

I X | de = pulse: My TestScenarios > P1 #_0Ox

Reference  Info Pl

dle
{ )

1 = Sequence: My_Testscenarlos > My_S1_5T # 0%

My_s1_PT Phase Mode ing Mode
Comment

2451+ 302 P1-25 s, P2e5ms

HEEL IER YR

No Nesting | Element Type Putze Setings | Repettons | Setngs | BM | Marker | OFreq | Alevel | Pham | PR oeay.

‘?é 5 EERe :; g

See also:

e Figure 2-1 (in Chapter 2.5, "Understanding the displayed information",
on page 24)

e Chapter 2.6, "Software concept in brief", on page 29
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e Chapter 2.8, "Trying out the software", on page 34

2.5 Understanding the displayed information

The following figure shows an example test scenario during software operation. The
different information areas are labeled. They are explained in more detail in the follow-
ing sections.

T Lty | morm
+ H

Window  Help
o E | ® & [oh @ =

Save New LoadsManage  AddSchhario Wizard  Destinations  Messagelflg SCPllog Settings  Examples SDK Documentation Online Help Screenshot

EEO s serenil | 00 sceensz O screnss [ screenss |
Repositories Comment £1. = scenario: My_Testscenarios > SimplePulseTrain # _ O X | = pulse: My_TestScenarios -> P1 #_0x
SimplePulseTrain Simulation Reference P1
ram— Durtion Freauengy ke gor. Tiring [MG8] marker  comment Enveopel| oduiation
® Auto 8s8ms 6GHz Output is POWs Modulation on Pulse Normalized Pulse Envelope
Fixed | 180 Level YT
g Enable
Comme o Ret
Scenario Type o
— = MOPType [ tinear airp
ted Signals (3) ingle Sequence
P .l Inter-Pulse Mods (8) e |Up -
> @ Plugins (1) Scenario Creation Signal Calculation @ SMHz
Sequence:
My_PT_PRIStaga...
Config E
Sequence = - —>
Resuts
B Retensmit > &
1
-
Signal st e =
_ )
ldle =
{ K )
1 = Sequence: My_TestScenarios > My_S1_PT. #_0x
My_S1_PT Phase Mode Timing Mode
Comment Absolute - ~
271 + 36P2; PRIT=25 ms, PRI2=5ms
=S BREE AN av 4+
No Nesting | Element Type Putse Setings | Repetitions | Settings | IPM Morker | Ofreq | Olevel | Phase | PRI Delay
' == putse - - 4 2 4 #wuc #w om om0 25ms |05
2 | < |- Putse S - ¢ I # pwu pw om  |om o sms 0 |

% = 222 Scenario Sequence Pulse
i—T: -x £ SimplepuiseT. ¥ wy_s1_pT i

Figure 2-1: R&S Pulse Sequencer Digital default workspace: understanding the displayed information

1 = Title bar

2 = Menu bar with standard functions, e.g. save/open file etc.
3 = Toolbar

4 = Project tree (repository tree)

5 = Screens for individual scenarios

6

= Work area
4+6 = Workspace
7 = Taskbar with indication of enabled remote control incl. details like IP address (if enabled), information

on the required highest security level (if enabled) and access to active dialogs

The user interface of the R&S Pulse Sequencer Digital offers an intuitive operating
concept. Operation is similar to any operating system. All menus and dialogs use
known elements, e.g., selection lists, checkboxes, and entry fields.
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Menu bar

Table 2-3: Content of the menu bar

Workspace | Repository Configure Tools Window Help

® (Clear ® New ® Destina- ®  Script ® Mes- ®  Online

® QOpen ® |oador tions ® Console sage Help

® Save Manage |® Remote ®  Wizard Log ®  Docu-

® Save ® Save Control e SCPI menta-

As ®  |mport ® Colors Log tion

®  Exit ®  Export ®  Settings ® MinSize |® Exam-

e Edit All Win- ples

dows e SDK
® (Cascade | ® Tutorials
Close All | ®  Debug

® Screen Informa-
1.4 tion
®  About

Toolbars
The R&S Pulse Sequencer Digital offers two toolbars.

Standard functions can be performed via the icons in the main toolbar at the top of the
screen. Click the arrow on the right-hand side of the menu bar to expand and collapse
the toolbar.

"B B B B O @ 0

[]
=X DB [«  ©| F [ob @ =
Save | New Load + Manage Add Scenario  Wizard Destinations. Message Lo SCPI Lo Settings Examples SDK  Documentation  Online Hel Screenshot

Figure 2-2: Standard functions in the main toolbar

1 = Save as: stores current workspace configuration

2 = Repository: Creates a repository/Opens "Manage Repository" dialog for loading, discarding or exporting
repositories

3 = Project tree: Creates a scenario/Starts a wizard to create an emitter or pulse train in current repository

4 = Opens the "Destinations" dialog

5 = Logs: Opens the "Message Log" window/"SCPI Log" window

6 = Opens the "Program Settings" dialog

7 = Help: Opens the "Example Files" folder/Opens the "SDK" folder/Opens the help documentation folder
containing help documents/Displays context-sensitive help topic for currently selected element

8 = Hardcopy: Copies current dialog to the clipboard

Functions relating to the "Project Tree" can be performed via the icons in the toolbar
below the main toolbar.

S
EE Ojs

Figure 2-3: Functions in the Project Tree toolbar

1 = Switches between tree view and table mode, see Chapter 4.3, "Repository view", on page 67
2 = Expand/collapse all nodes in the "Project Tree"
3 = Moves the elements within a node up/down in the "Project Tree"
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Virtual screens

Using the R&S Pulse Sequencer Digital you can handle several scenarios with even
comprehensive settings at the same time. You can arrange the dialogs across multiple
screens logically, so that you can easily switch between them. You can, for example,
assign the subset of antenna dialogs to one screen and the pulse and modulation dia-
logs to another.

Repository tree

The repository tree shows the content of all currently loaded repositories. Repository
elements are indicated with the assigned icons, their names, and the first comment
line.

You can also switch the tree view to table mode, see Chapter 4.3, "Repository view",
on page 67.

Repositories Comment
~ @ *My_TestScenarios
> 523 Scenarios n
W= Platform Types
> U&) Emitter Types

> <% Antenna Patterns
v ) Antenna Scans

O My_RasterScan raster scan

[m] My_Circular std circular scan
[] Test Antenna Scan

[] testscan

> A DF Receiver Types
> ®k Sequences

> . Pulses

> ¥ Imported Signals
> all Inter-Pulse Mods
> (™ Plugins

1 = Name, see "Name and comment" on page 26
2 = First comment line

Name and comment

Each repository element is identified with its unique name and optional description
entered in the comment field. The description can contain several lines; new line is
added by pressing [Shift+Enter].

See also "Dialog names" on page 27.

User Manual 1179.3873.02 — 06 26



R&S®PULSE-K32/-K39 Getting started

Understanding the displayed information

#] = Sequence: My_TestScenarios = My_PulseTrai

My_PulseTrain_Seq -II
Comment

Simple pulse train sequence - _E
(for visualizing the impact of the different

paramters) "

1 = A unique name to indicate the element in the repository
2 = Description; the first line is displayed in the repository tree

Context-sensitive menus

All user interface controls provide a context-sensitive menu. Context-sensitive menus
are accessed with a right mouse click the control.

|
Select All Clear All
Prepend New Item Set to Min
Append New Item Set to Max
Remove Last ltem Copy SCENarie:OUTPut:THReshold?
Remove All ltems Copy SCENario:QUTPut:THReshold -1.E+02

1 = Context menu of an icon
2 = Context menu of a parameter

Tooltips

Tooltips indicate the possible value range of a parameter or list overview information on
current settings.

[

Rising edge time Frequency deviation; total bandwidth is twice the deviation
Min= 0s Min= 1Hz

Max = 3600 s Max = 1GHz

Step= 1s Step= 1MHz

1 = Tooltip of a setting parameter, indicating the allowed value range
2 = Tooltip with detailed information on a setting

Dialog names

The name of a dialog indicates its content or the functionality this dialog covers. The
used naming convention helps you to recognize which database element you are con-
figuring, to which scenario it belongs and what its current name is.

"<Repository Element>; <Scenario Name> -> <Function Name>"
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mx. = Scenario: My_TestScenarios - SimplePulseTrain

1 = Repository element
2 = Scenario name
3 = Function name

Undocking dialogs

If your workspace contains several simultaneously opened dialogs, you can undock
dialogs and distribute them also outside the workspace, for example place them on a
second monitor.

f_Dx‘

1 = Undocks the dialog

Interactive 3D displays

Several dialogs display the configured settings as 2D or as interactive 3D models or
full 3D antenna radiation patterns.

Turning the mouse wheel zooms in and out on these dialogs. Moving the mouse while
holding the left mouse key rotates the 3D view around its origin.

[ T == |

Interactive 2D map

Drag&drop elements into the 2D map or pan and zoom to change the displayed map
area.

Keyboard shortcuts

Keyboard shortcuts are available for the most common functions in the software.
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2.6 Software concept in brief

The following is brief introduction to the software concept and the way it handles files
and settings.

Repository

SR The R&S Pulse Sequencer Digital organizes the data in repositories.

£ My_TestScenarios A repository is a file-based database located on the local hard drive or on a network

‘ g Scenerios storage drive.
Repositories are entirely managed by the R&S Pulse Sequencer Digital. They can be
password protected against unauthorized access. Repositories can be exported as
archives and shared among multiple users if they are located on a network drive. Sev-
eral users can have read permission to load and use the same repository simultane-
ously. However, only one user can have a write permission at a time.
When you create a repository in one operational mode, it is not always compatible with
the other modes. For a description see "Create" on page 65.
For more information, see Chapter 4, "Organizing the project data in repositories”,
on page 61.
Scenario
B— The scenario is the top-level description of the signals to be generated.
v (SR My_TestScenarios The type of the scenario determines which kind of signal is calculated and how this sig-
; nal is processed. A more complex scenario combines several signals. Scenarios can
> @) Emitter Type also contain information about the time variation of the signals.

Starting a scenario creates the simulated data and exports them to user-written plu-
gins.

For more information, see Chapter 5, "Selecting a suitable scenario and creating sce-
narios", on page 73.

Platform

A platform is a group of up to 8 emitters assigned to a single vehicle. A platform can

R i tori
e be static or moving. A platform is characterized by its icon, list of emitters, position and

~ [ My_TestScenarios

> @ Scenarios trajectory. The emitters on a platform can be individually configured.

by Platf

5 uluEipe For more information, see Chapter 12, "Creating platforms", on page 247.
Emitter

Emitters emulate radar systems. The emitter combines a sequence, an antenna scan,

Repositories i i
and an antenna pattern to one logical unit.

v [ My_TestScenarios

; 3 ;‘r?"’”“ An emitter can work in more than one operating mode and switch between them. The
atrorms . . 0 . . .

o8 (V) Emyitier Type operating mode is a description of the radar purpose, such as scanning, searching or

> ‘|’ Antenna Patterns tracking. For example, an airport surveillance radar can switch between different scan

types to observe its airspace.
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~ [ My_TestScenarios
> @ Scenarios
> 9= Platforms
> U Emitter Type
> Antenna Patterns
> 1Y Antenna Scans

[
W L4 My TestScenarios

» Q Scenarios

b D Emitters

P 1 Ant Patterns

[ @ Ant, Scans

v

@) Receiver DF

L4 My TestScenarios

P @ Scenarios

P Y Emitters

P 1 Ant Patterns
[ 4 ) Ant. Scans

P 1" Receivers
- LB s

hlame

W ¢ My TestScenarios

P @ Scenarios

P U0 Ermitters

P 1 Ant Patterns
[ {: Ant, Scans
» 1Y Receivers

P 0 Sequences

@ P1

Software concept in brief

Each mode can have individual antenna and signal configuration. Multiple beams are
possible within a mode.

For more information, see Chapter 16, "Creating complex 2D scenarios with receiver
and TX items", on page 289.
Antenna

The antenna characterizes the radiation pattern of the emitter. Typical radar anten-
nas like the phase array antennas can adapt their radiation pattern dynamically,
depending on the operating mode the radar is working in. For example, an antenna
can use a cosecant beam in scan mode and pencil beam in track mode.

Antennas can have various scan types. The scan type describes the movement of the
antenna. For example, circular, sector and custom.

For more information, see Chapter 9, "Defining antenna patterns and antenna scans",
on page 170.
Receiver

Receivers are used to model direction finding systems. They comprise of up to 20
individual antennas with individual patterns and positioning relative to a direction find-
ing system.

Option:R&S PULSE-K39 required for direction finding.

For more information, see Chapter 13, "Emulating receivers", on page 259.

Sequence

A sequence describes how pulses are arranged to form a waveform. The most simple
sequence comprises one pulse that is repeated with a constant PRI (pulse repetition
interval). Typical sequences however are rather complex; they can contain pulse defini-
tions, waveforms, and sequencing elements such as repetitions and loops.

The sequence is a logical description. It cannot directly be represented as an 1/Q
waveform.

For more information, see Chapter 7, "Building pulse sequences", on page 119.

Pulse

In the R&S Pulse Sequencer Digital, pulses are the fundamental building block of
any signal. Pulses are described mathematically with their amplitude (envelope), the
applied modulation on pulse (MOP) and the enabled marker signals. One single pulse
description is however not sufficient to calculate (and process) a signal; pulses have to
be organized in a sequence, and assigned to an emitter.

For more information, see Chapter 6, "Creating a pulse library", on page 93.

Imported signals
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| # Imported Signals In addition to creating pulse signals you can also load PDW files and use them in
® PDW sequences.
PDW1
PDW2 For more information, see Chapter 18, "Working with PDWs", on page 355.
PDW fsk
Plugins
v A plugin is an extension to the standard functions of the R&S Pulse Sequencer Digital.
0 Rep_or't PD_Wm

For even more flexibility, plugins can contain variables.

To export the simulated signal from the R&S Pulse Sequencer Digital, you can write
"export" plugins that are customized to your interfaces. The export plugin enables you
to extract the digital simulation data from the application in a defined format and export
it to different formats or directly stream the data.

For more information, see "How to import and assign user defined plugins"
on page 377.

2.7 Means of users interaction

This chapter provides an overview on how to work with the R&S Pulse Sequencer Digi-
tal and describes the manual operation of the software and also the alternative ways of
operation.

There are two ways to operate the R&S Pulse Sequencer Digital:

® Manual operation:
Run the software on your PC and use the mouse and/or keyboard.

® Remote control:
Create programs to automate settings, tests and measurements. The software is
controlled by a program, running on the same or on another computer.
This way of operation is described Chapter 23, "Automation of R&S Pulse
Sequencer Digital", on page 408.

Basic operation concept

This section lists settings and functions that are common to the dialogs and are per-
formed in the same manner throughout the software. You can use them alternatively or
complementary.

As described in Chapter 2.6, "Software concept in brief", on page 29, the R&S Pulse
Sequencer Digital software is based on a relational database that organizes database
elements within repositories. Database elements are indicated by their names; within
one repository, element names must be unique (see "Name and comment"

on page 26).
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Creating elements

Once created, database elements can be used by other elements within the same
repository. Elements can be created in both the bottom-up and the top-down direction,
or in a combination of these two methods:

® Boftom-up: you can create your pulse and waveform library first, then build
sequences, create scenarios, and use the created sequences or assign them to
emitters.

® Top-down: create your scenario, create emitter, define the antenna pattern/scan,
define the used sequence, and define the pulses and waveforms.

1, 7, 8 = Repository, one or more within the database

2 = Scenario level; scenarios describe one or more emitters and one or more sequences

3 = Emitter level; emitters are described among others with antenna patterns and antenna scans
4 = Antenna patterns and antenna scans

5 = Sequence level; sequences are built of one or more pulses or waveforms

6 = Pulse and waveform level

9, 10 = Creating elements at any level with clone and copy

For information on the naming conventions and description of the database elements,
see Chapter 2.6, "Software concept in brief", on page 29.

Handling database elements

While creating database elements, consider also the following possibilities:

® (Change
Files describing elements are stored once but can be used several times. When
one file is changed, its parent elements are also updated.

® (Clone
Elements can be cloned to create a deep copy of the database element.

® Delete
Elements can be deleted if they are not referenced by other elements.
® Copy

If two repositories are opened in the project tree, a drag and drop operation creates
a copy of the selected element and all referenced elements.
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Standard function in the context menus

Each dialog with settings belonging to a "higher-level" element provides standard func-
tions to:

® Assign existing elements

® Create elements

® [Edit the existing assigned element.

You can access these functions from the context-sensitive menus of the icons listed in
Table 2-4.

Table 2-4: Overview of the used icons and their functions

Sequence

P

Emitter, receiver

3D, 2D diagram

Icon Name Function/Description
— <Function> Menu Smart menu with several options,
- (the name changes depending on dependlng orl1 the current element
S and situation:
the situation) o New (ltem)

® Append item
®  Prepend item
® Insertltem
® |nsert ltem Before/After
® Delete Item
®  Clear (Selection)
e Edit
®  Select (from a list)
® Rename
®  |mport/Export

’ More Select
Edit
New

Pulse, Waveform Creates repository element
W postory
" Antenna Pattern, Antenna Scan, Accesses a dialog with detailed set-
- 0 =

tings

iD 2D

|_:|+ I—:Ix W Append item, Remove item, Delete Qgrzznds or removes item, deletes all
Left/Right , Up/Down Reorders items

4 b

F Y v

+ Copy and append Copies the selected line of the table

and appends it at the end of the table
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Icon Name Function/Description
Select Selects a table row or an item for
v editing
Enable/Disable Activates or deactivates settings
Hardcopy, Print Copies current screen or dialog to

m n the clipboard;

Prints current diagram

Name depends on contents Opens a settings dialog. For exam-
f’ ple, "Visualization settings" or "Pro-
d gram settings".

Standard functions for elements handling

The following standard direct interaction functions are supported:

® Double-click
Opens the selected element for editing

® Clone
Creates a copy of the selected element

® Drag and Drop
A drag and drop operation:

Creates a copy of the selected element, together with all referenced elements

Assigns an element to a 2D view

Imports a repository
Imports waveform files into the repository

® Mouse wheel
Turning the mouse wheel zooms in and out.
Description of alternative methods

This manual describes the manual interaction with the software via the menus. Many
elements that can be accessed form menus can also be accessed by clicking an icon
or using the context menu. Alternative procedures are only described if they deviate
from the standard operating procedures.

Throughout the manual, the term "select" refers to any of the described methods.

2.8 Trying out the software

This chapter introduces the most important functions and often used settings of the
R&S Pulse Sequencer Digital step by step. The complete description of all functions
and their usage is provided in the corresponding main chapters of this user manual.

Prerequisite

The software is running and started up as described in Chapter 2.4, "Starting the
R&S Pulse Sequencer Digital for the first time", on page 21.
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2.8.1

Trying out the software

The software is manually operated. Try out the following:

Completing the scenario that was automatically created upon start up.................. 35
Generating a simulated SIgNal...........cueeeiiiiiiiiiiee e 36
Verifying the generated signal in the signal preview.........cocccocciiiiiiii e, 37
Launching the built-in WIZard.............cooooiiii e 38
Using the wizard to create a complex SCEeNArio...........oovvieiiiiieiiiiiee e 39
Saving and recalling SEtHNGS. ...uuiiiiiii i 44
Advanced features and eXamples...........cooviviiiiiiiieeiieee e 45

Completing the scenario that was automatically created upon start

up

We assume that you have started the software as described in Chapter 2.4, "Starting
the R&S Pulse Sequencer Digital for the first time", on page 21. Your workspace
resembles the one shown on Figure 2-1 (see section Chapter 2.5, "Understanding the
displayed information”, on page 24).

Your repository contains:

"P1": an unmodulated pulse with pulse width of 100 us and rise and fall times set to
zero

"PTrain 01": a sequence containing one single pulse, "P1". This pulse is processed
once ("Rep. Count = 1") and has a pulse repetition interval "PRI = 200 us".

To create a sequence with 10 pulses, each having a PRI of 1 ms

1.
2.

In the repository tree, select "Scenario > Sequences > PTrain 01".

In the "Sequence Description" table, select:
a) "Rep. Count = 10"

b) "PRI=1ms"
af = sequence: My_TestScenarios -> PTrain 01 »_Mx
PTrain 01 Phase Mode Timing Mode
Comment Continuous (Relative) ~| i -
Created by wizard ned in the sequence or  Switch between time (PRI}
asarelativephase  and frequency (PRF)
= BE@ A" a v +
No Nesting | Element Type Pulse Settings | Repefitions | Settings 1PM Marker | AFreq | Alevel | Phase PRI Delay
LI < - Pulse ~m ~l # | 4 & Py #15: oHz LE 0 200us | Os
/| Block Diagram
va
1: Pulse
Pl
—

1x
200.0 us PRI
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For information on the provided settings, see:
e Chapter 7.2, "Sequence settings", on page 120
e Chapter 6.2.2, "Pulse timing settings", on page 94

To assign the sequence to the scenario

When created by the "Wizard", the sequence is automatically assigned to the scenario.
If not, proceed as follows:

1. In the repository tree, select "Scenario > PTrain 01".

The "Scenario" dialog opens and displays a block diagram of the signal flow.

2. In the block diagram, select "Sequence" and select the icon to open the context
menu.

3. Select "Select > PTrain 01".

The status indicator in the "Sequence" block is green.
The status indicator in the "Signal Calculation" block is still red.

2.8.2 Generating a simulated signal

The initial situation is the configuration described in "To start the signal calculation”
on page 37.
To set the output target for the created signal

1. In the repository tree, select "Scenario > SimplePulseTrain".

The "Scenario" dialog opens and displays a block diagram of the signal flow.

2. Inthe block diagram, select "Signal Generation" and select the icon to open the
context menu.

3. Select "Config > Target > Destination".

A list of the available Destinations appears.
A check mark indicates the currently selected destination.

4. Select a destination from the list.

The block name changes to indicate the selected destination.

5. The block diagram shows the updated settings.
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@ = scenario: My_TestScenarios -> SimplePulseTrain a_[Ax

SimplePulseTrain Simulation Reference Info
Duration Frequency Reporting is turned off,
B 2 Outputis PDWs
Automatic 6 GHz
® Fixed Level

180 ms -10 dsm

Scenario Creation @ Signal Calcuiation @ Signal Generation @
ence:

Config

w

H

w

11}
o

hd

o

=i

{1

— > =
Results

4 Calculate [ Run

Idle

N\

The "Info" area shows a status indication and displays information and warnings
about the scenario. For example, if the destination does not support elements used
in the scenario, the information displays here. The created signal is output is PDWs
to the export plugin.

You can now change some of the calculation and output settings.

6. Select "Signal Calculation > Config > Config".

7. In the "Signal Calculation Settings" dialog, select "Output".

If all preconditions for signal generation are fulfilled, the "Calculate" button is active and
you can start signal calculation.

To start the signal calculation

» In the "Scenario” dialog, select "Calculate".

The R&S Pulse Sequencer Digital calculates the simulated signal according to the
selected settings and shows the current progress.

A green indicator in the "Signal Calculation" block confirms that the calculation is
completed. The line between the "Signal Calculation" and the "Signal Generation"
blocks confirms that the calculated signal can be transmitted to the selected target.

For information on the provided settings, see:
e Chapter 5.2, "Scenario settings", on page 74

2.8.3 Verifying the generated signal in the signal preview

It is often useful to check the generated signal visually, before you transfer it to the
Destinations. The R&S Pulse Sequencer Digital provides a built-in function, the "Signal
Preview", to represent the generated signal in a graphical form.

The initial situation is the configuration described in "To start the signal calculation”
on page 37.
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To open the "Signal Preview" and visualize the generated signal

» In the "Scenario” dialog, select "Signal Calculation > Results > View" and select the
name of the calculated waveform.

ﬂ = Signal Preview: My_TestScenarios/SimplePulseTrain -~ D x
Navigation Range
4 4 p M Startposion | Os 180 ms 7 visible/ 7 total
Cursor position 180 ms
Table  Graphics
Level P Freg PRI Azi Elev ZoomtoFit B4, Area Zoom &9

=~ irbem
[ Frequency [ it | o [ Level
9.0 dBm

o -18.0 d
18 ms 36 ms 34 ms 72 ms 80 ms 108 ms 126 ms 144 ms 162 ms w18 ms R

4

Figure 2-4: Signal Preview

2.8.4 Launching the built-in wizard
To help you get familiar with the software, the R&S Pulse Sequencer Digital provides a
built-in startup assistant, the "Wizard".

You can access this "Wizard":

® On an application start:
That is, each time you start the software

® On demand:
That is, any time during operation when you need a fast configuration of few set-
tings.

To start the built-in wizard

» In the tool bar, select "Tools > Wizard".

The "Startup Assistant" opens.
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% Startup Assistant @

Introduction
Welcome to RA&S Pulse Sequencer.
What do you want to do next?

Repository is moving emitters

Create an emitter

Create a pulse train

v’ Show this wizard on startup

Finish

2.8.5 Using the wizard to create a complex scenario

The main application field of the R&S Pulse Sequencer Digital is the generation of
pulsed signals. This example uses the "Wizard" to introduce the way you can create
and define antenna patterns, antenna scans, emitters, etc. and interact with the soft-
ware.

To create a new single emitter scenario

1. Start the "Wizard", see Chapter 2.8.4, "Launching the built-in wizard", on page 38.

2. In the assistant dialog, select "Create Emitter".
Confirm with "Next".
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' Startup Assistant IEI

Create radar emitter
Define the radar parameters.

Mame | ComMNav 01

Scenario ¢ Create complete single-emitter scenario

Frequency and Level
Freguency & Static EIRF | 100 dBm

3 GHz

Waveform Characteristics

Fulse Width 1us MCOP  |Barker “
PRI & Static Bandwidth 100 kHz
2ms

Antenna Pattern and Scan

Scan Time 2s

Pattern Type | Gaussian b
Beamwidth Azimuth Elevation
2e 25¢@

Hlumination 11.111ms

< Back Next = Finish

3. Use the default settings and select "Waveform Characteristics > MOP > Barker".
Select "Next".
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Conclusion
Generate content.

Create emitter ComNav 01

Frequency 3000 MHz (static)
EIRP 100 dBm

PW lus

MOP Barker

PRI 2000 us (static)
Pattern Gaussian 2 x 25 deg
Scan Circular, 25
Tllumination 11,1111 ms
Minimum Range 150 m

MUR. 299350 m

Range Ressolution 11.5385m
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X5

Also creating scenario for this emitter,

< Back Finish

4. Confirm with "Finish".
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ﬁl') Emitter: My_TestScenarios -> ComMav 01 | &2 |
ComNav 01
Comment | commay
Tlumination 11,111 ms
ere 100 dBm o

Frequency 3 GHz

Emitter Modes

= San
Ant. Pattern | ComMav 01 v| = 3D 2D
Type Gaussian Model
Frequency MN/A
Scan  |ComMav 01 v = 3D

Type Circular Scan

Scan Beam Definitions

=1

Sequence |ComMav 01 W
Offsets
Frequency OHz
Elevaton | 0°

Azimuth | 0°

The software creates the scenario automatically with all required elements, e.g.
one new emitter ("ComNav 01"), one new sequence ("ComNav 01"), new pulse
("ComNav 01"), etc.

For information on the provided settings, see:

e Chapter 10.1, "Emitter settings", on page 220

e Chapter 9.2, "Antenna pattern settings", on page 174

e Chapter 9.3, "Antenna scans settings", on page 193

e Chapter 6.2.3, "Modulation on pulse (MOP) settings", on page 96

To visualize the signal received by a static receiver

1. Open the automatically created emitter-based scenario ("ComNav 01").
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@ = Scenario: My_TestScenarios > SimpleEmitterScenario ] B3
SimpleEmitterScenario | Emitter Simulation Reference Info
Mode Yaw Duration Frequency Reprting is tumed off.
Comment A © @ utomot e Multithreading is turned off.
urveillance W = wtomatic iz
one test emitter EopriEhe s
Beam Pitch Fixed Level
Beam 1 w||-5° 1s 0 dBm
Preview Rol
Scenario Type
13 0®
Single Emitter v
Scenario Creation @ Signal Calculation @ Signal Generation @
Emitter: Export Plugin
My_EmitterGuida... My _RS_SMitl
_ Config : _ —
BT = [ ) IO > i = — =
Resuts =
4 Calate [ run
N 4
Idle
7
n H " H H n "
2. In the "Emitter" section on the block diagram, select the "3D" icon.
& = 3D Single Emitter Preview: Scenarios for User Manual > My_EmitterGuidance ¥ [
Simulation Playback
StartTime | 05 i I I 1 | 00:00:20.533
Summary I
Emitter  ComMNav 01 s
Frequency  3.000 GHz
Mode, Beam  Scan [ 1
Antenna  ComNav 01
Scan  ComMNaw 01(25s)
»
L]
va
Zoom to fit A,
[dem]
0
10
20
30
<0
50
0.2 0.4 08 1.0 12 14 16 18 [s]
4
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The "3D Single Emitter" dialog displays a live plot of the normalized signal power
level at the receiver and an interactive 3D view of the emitter antenna pattern and
scan.

3. Use the mouse wheel to zoom in and out.

4. To rotate the 3D view around its origin, left mouse click. Keep the key pressed and
move the mouse.

For information, see Chapter 16, "Creating complex 2D scenarios with receiver and
TX items", on page 289

2.8.6 Saving and recalling settings

Repositories are automatically saved when you exist the application. We recommend
that you set a meaningful repository name before closing the application.

To rename the repository

Your workspace shows one automatically created repository, "New_yyyy mm_tttt".

1. In the repository tree, select "Repository > New_yyyy mm_tttt".

2. Change the name. Optionally, enter a comment.
For example, enter "General > Name > K32 and K39 Tests" or a "Comment >
Repository with test files".
To enter a new line in the comment field, press [Shift+Enter].

3. Close the dialog.

To save the repository

A yellow data base icon = in the repository tree indicates that there are unsaved
changes.

» In the menu bar, select "File > Save Repository > Repository name_".

The repository is stored in the data path set during the program installation.

To exit the software
» Close the application software.

If the current repository contains unsaved changes, you are prompt to store or
ignore them.
Note: Unsaved changes are lost.

For more information, see:
® Chapter 2.9.1, "Customizing your workspace", on page 45
® Chapter 4.4, "How to manage the project data", on page 69
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2.8.7 Advanced features and examples

With these first steps, you have gained an impression of the provided functionality.
You find a comprehensive description of the full range of capabilities in the following
sections:

® Chapter 6.3, "How to create a new pulse and adjust its settings", on page 116

® Chapter 7.3, "How to create sequences and use the control elements”,
on page 131

® Chapter 5.3, "How to select and create a test scenario", on page 90
® Chapter 21.2, "How to create test reports", on page 392

® Chapter 9.4, "How to create a library with antenna patterns and scans",
on page 206

® Chapter 10.4, "How to create and configure emitters", on page 233

® Chapter 16.1, "How to create scenarios with receiver and TX items", on page 290
® Chapter 8.2, "How to create IPM profiles and vary pulse parameters", on page 160
® Chapter 20.2, "How to configure and visualize markers", on page 382

® "How to import and assign user defined plugins" on page 377

2.9 Customizing the software

You can change default application settings to adapt the user interface to your needs.

e  Customizing YOUIr WOIKSPACE......cceiiiiieeeiiiecciiiieeeee et e e e e s s e e e e e e e e e enneeeee e 45
e Changing colors and default configuration.............ccccevreee e 46

2.9.1 Customizing your workspace

A workspace comprises the repository tree on the left side with one or more loaded
repositories, and the working area with one or more screens. You can create several
workspaces with different repositories assigned to them. You can save and load a
user-defined workspace and switch between the different workspaces.

To save a workspace

We assume that you have opened or created a repository and opened one or more
dialogs in one of the screens.

1. In the menu bar, select "File > Save Workspace/Save Workspace As" or use the
save icon in the toolbar.

2. Inthe explorer, enter a filename, e.g. MyWorkspace . pswk and confirm with "Ok".

Per default, the * . pswk file is stored in the application data directory.
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To load a workspace

1. In the menu bar, select "File > Open Workspace".
Existing default and user-defined workspaces are listed.

2. Select a workspace.
The workspace opens. All dialogs and repositories associated with the workspace
are displayed.

To close a workspace

You can close a workspace if you do not need it no longer or you need to switch to a
different one.

» In the menu bar, select "File > Clear Workspace".

The workspace is closed.

Closing the workspace unloads all repositories and closes all dialogs.
You can open a workspace again, see "To load a workspace" on page 46.
2.9.2 Changing colors and default configuration

You can change the default application settings, for example, change the display colors
or change default settings of the R&S Pulse Sequencer Digital.

To customize the display colors

1. In the menu bar, select "Configure > Colors".
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E Application Colors

Preset |R&S Light W
Brightness o ( ) Save As...
Contrast 0 { > Load...

3D Antenna Waveform Traces PDW Traces Map

Antenna Base

Emitter .

Antenna Top Receiver

Bore Sight

H v] 255 R
S o 255 G

255 B

Apply Close

1 = Color scheme
2 = Assigns colors to the different display elements

2. Select a predefined color scheme and, if necessary, adjust the display colors indi-

vidually.

3. Adjust the display colors of the individual elements, e.g select "Traces > Magni-
tude" and change the default color.

4. Select "Save As" to store your custom color profile in a file, e.g. MyColors.col.

To change the general program settings

1. In the menu bar, select "Configure > Settings".
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/‘ Program Settings x

General Storage Locations User Account Ilcons  Graphics  Proxy

Program Settings
~'| Show wizard on application startup
Open scenario on application startup
«' Show upper and lower toolbar (restart required)
Add time stamp as comment when creating new entries
Show all tutorials

Enable auto save (will automatically overwrite the local repository file)

Maximum items per type in Repository | 4056

Repository Classification

Display repository security level in lower toolbar (restart required)

Level0 | NORESTRICTION (0
Level1 | LEVEL1 [
Level2 | LEVEL2 [
Level3 | LEVEL3 ]
[

Level4 | LEVEL4

Apply Cancel

2. Change the settings, select the colors indicating the different security levels.
For information on the security levels, see "General Repository Settings"
on page 61.

3. Confirm with "Apply".

To set the size and color scheme of the hardcopies

For documentation purposes, you can create a hardcopy or screenshot of the current
screen or dialog. Hardcopies can be sent to the printer or stored to the clipboard.

1. To adjust the hardcopy size, in the menu bar, select "Configure > Settings > Graph-

ICS™.
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General  Storage Locations  User Account  Icons  Graphics  Proxy
Screen Shots
+*|  Use bright colors for screen shots
Use custom size for screen shots instead of 800x600

Width | 800 "

Height | 600

GPU Support

Use GPU based antenna pattern calculation {restart required)

Apply Cancel

2. Select "Use bright colors for screenshots > On" e.g. for ink-saving printing.
Brighter colors are used for all graphical screens instead of the ones set in the cur-
rent color scheme.

3. Select "Use custom size for screenshots instead of 800x600 > On" and set the
"Width" and "Height" in number of pixels.

4. Confirm with "Apply".

The settings provided on the other tabs in the "Program Settings" dialog are explained
in:

® Chapter 22, "Performing administration tasks", on page 395

2.10 Getting information and help

If any questions or problems concerning the R&S Pulse Sequencer Digital arise, an
extensive online help system is provided in the software and can be consulted at any
time.

The integrated help system provides the description of all functions. The help system is
context-sensitive and provides information specifically for the current operation or set-
ting to be performed. In addition, general topics provide an overview on complete tasks
or function groups and background information.
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Calling up Help

» To display the "Help" dialog for the currently focused screen element, e.g. a setting
in an opened dialog, select the "Help" icon on the toolbar or press F1.

The "Help" dialog is displayed. A topic containing information about the focused
element is displayed. If no context-specific help topic is available, a more general
topic or the "Contents" tab is displayed.

The "Help" toolbar provides buttons with standard navigation functions. The "Help"
window contains several tabs:
e "View" - shows the selected help topic
e "Contents" - contains a table of help contents
e "Index" - contains index entries to search for help topics
The index is sorted alphabetically. You can browse the list, or search for entries
in the list
"Bookmarks" - contains custom bookmarks
"Search" - provides text search

To close the Help window

» Select the "Close" icon in the upper right corner of the help window.
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3 Preparing for use

Overview

The R&S Pulse Sequencer Digital runs as a standalone, PC-based application that
creates simulated PDW datastreams that you can export to a customized plugin.

The software hands the simulated data to a so-called "destination", which wraps a
user-written plugin that receives the data.

You can add as many destinations as you need. To enable you to export a PDW data-
stream, you need to assign an export plugin to a destination.

R&S Pulse Sequencer Digital plugins are user-configurable, enabling you to define the
export content and format.

See:

® Chapter 3.1, "Creating and using export plugins", on page 51

® Chapter 3.2, "PDW export plugin interface specification", on page 53
® Chapter 3.3, "Destinations settings", on page 57

® Chapter C, "Plug-in programming API", on page 649.

3.1 Creating and using export plugins

To use export plugins in R&S Pulse Sequencer Digital, you need to load a plugin of this
type and map it to a destination.

The following chapters explain how to perform these steps.

For a detailed description of the programming API for the plugin, see Chapter C.2,
"Export plugin”, on page 654.

Creating an export plugin

R&S Pulse Sequencer Digital is delivered with the necessary resources to enable you
to create plugins to export the simulated signals.

We recommend using an application such as Visual Studio to open the resource files
and create the plugin. However, you can use an alternative compiler if you prefer. The
plugin exports an extern "C" interface which ensures the compatibility of the DLL.

Access:

1. Perform one of the following:
e In the menu bar, select "Help > SDK > Export PDW > src"
e On the main toolbar, select the icon "Open SDK folder > Export PDW > src".

This folder contains example resource files that you can modify as required.
2. Open the solution file, PulseSequencer Plugin.sln.

3. Change the build configuration to "Release".
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4. Rebuild the solution.

The export plugin is in the "Export_ PDW > bin" folder and ready for loading into
R&S Pulse Sequencer Digital.

Debugging the export plugin

To debug the DLL
1. Load the plugin project in Visual Studio or your preferred compiler.
2. Set the configuration to "Debug".

3. Set the target path to the location of the R&S Pulse Sequencer Digital executable
file.

4. Start the debugger.

PS-DIGITAL.exe starts.

5. Ensure that the PDB debug file is in the same folder as the DLL so that the debug-
ging symbols load correctly and you can set the breakpoints.
Normally the file location selected automatically by the debug build is correct.

6. When the DLL is loaded into R&S Pulse Sequencer Digital, you can start debug-
ging the plugin code in Visual Studio.

Loading an export plugin

To load an export plugin in to R&S Pulse Sequencer Digital, follow the same steps as
for other plugin types.

For details, see "To import a plugin" on page 377.

Navigate to the "SDK > Export_ PDW > bin" folder to select the export plugin.

Mapping plugins to destinations

When an export plugin is loaded as described in Loading an export plugin, you can
map it to a destination in R&S Pulse Sequencer Digital.

Access:

1. Perform one of the following:
e In the menu bar, select "Configure" > "Destinations"
e In the block diagram of a scenario, select "Signal Generation" > "Config" >
"Destinations".

The "Destinations" dialog opens.
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C+ = Destinations #_Cx
Available Destinations Plugin Variables of selected Destination: Destination 1
== & Reset Variables
No Type  Destination Plugin Edit No Variable Value
1 C-+ Destination 1 Plugin 1 v 1 File pdw_out.tat
2 = Destination 2 None
2 Header |/

2. To add a new destination, in "Available Destinations" select "Add a new destina-
tion".
A new entry displays at the end of the list, assigned with the next free number.
3. To edit the destination name, double-click in the "Destination" field.

4. Select an available plugin from the "Plugin" drop-down list.

5. To edit the name or comment parameters, or to change the selected DLL, select
"Edit".
The "Plugin" dialog opens.

6. Edit the plugin variables on the right as required.
The plugin is mapped to the specified destination and ready for use in a scenario.

For a description of how to assign signals to destinations, see Chapter 17.2, "Assign
signals to destination", on page 351.

3.2 PDW export plugin interface specification

The export plugin that R&S Pulse Sequencer Digital uses for the simulated signals is
user-configurable. You can adapt the plugin for streaming or transferring the data as
you require, including the content of the data.

The format of the PDW data at the export plugin interface function is a

Rohde & Schwarz proprietary format as described in this chapter. In the plugin, the
user is free to extract any needed information and adapt the data formats or represen-
tation of the values to map it to any needed format.

Depending on the scenario you are using and your export needs, some of the following
parameters might not be necessary.

Parameters that are not set represent an invalid value. Parameters that do not have an
invalid representation are guaranteed to be valid.

The serialized data uses little endian byte order.

Data type

The invalid value depends on the data type:
® uint8/16/32
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The invalid case is defined as all 1's in bit representation, which means OxFF,
OxFFFF, ... in hex.
For unsigned integers, it is the definition of the maximum value that is possible,
therefore the valid data range is limited by 1.
For example, for uint8 the data range is [0, 254] in decimal representation, as 255
is used to indicate the invalid case.

® int16
The invalid case is defined as 0x8000, which represents the minimum value
-32768. Therefore the valid data range for int16 is [-32767, 32767].

°o float32
The invalid case is defined as 0x7F7FFFFF, which represents the maximum availa-
ble float number regarding IEEE-754.

Table 3-1: PDW export plugin interface parameters

Data type Parameter Byte size Range Invalid Unit Description

uint8 version 1 [0x00, OxFF] - - PDW format version.

Initial version = 0x00.

uint16 tx_platform_id |2 [1,65534] OxFFFF - User configured plat-
form ID

uint16 tx_id 2 [1, 65534] OxFFFF - User configured emitter
ID (per emitter mode)

uint8 tx_plat- 1 [1, 254] OxFF - Emitter index inside

form_emit_id platform (if platform

emitter)

uint8 tx_list_id 1 [1, 254] OxFF - List index in multi-emit-

ter scenario:

®  Emitter index for
single emitter in list

®  Platform (parent)
index if emitter is
platform emitter

uint8 rx_id 1 [1, 254] OxFF - Database ID of the
receiver
(list index in repository
tree view)
uint8 rx_antenna_id |1 [1, 254] OxFF - Antenna ID of receiver
uint64 toa 8 [0, - ps TOA
18.446.744.073,
] (s)
uinté4 freq 8 [0, 1.884*10"9] |- Hz Absolute frequency
(Hz)
uint64 pulse_width 8 [0, - ps Pulse width
18.446.744, ..
(s)
int32 level 4 [-200, 200] - 0.01 dBm Absolute level
(dBm)
uint8 modulation 1 [0x00, OxFF] - - Modulation flag

See Modulation flags
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mented

Data type Parameter Byte size Range Invalid Unit Description
uint32 bandwidth 4 [0, 42.94] (GHz) | OXFFFF 10 Hz Bandwidth
uint64 rise_time 8 [0, - ps Pulse rise time
18.446.744, ..]
(s)
uint64 fall_time 8 0, - ps Pulse fall time
18.446.744, ...]
(s)
uint8 marker_mask |1 [0x00, OxO0F] - - Marker bits (4321)
uint16 azimuth 2 [0, 360] (deg) OxFFFF 0.1 deg Tx azimuth
int16 elevation 2 [-90, 90] (deg) 20x8000 0.1 deg Tx elevation
float32 distance 4 [-1€9, +1e9] (m) | OX7F7FFFFF | m Tx distance to Rx origin
uint16 rx_antenna_azi | 2 [0, 360] (deg) OxFFFF 0.1 deg Rx antenna azimuth
muth
int16 rx_antenna_el |2 [-90, 90] (deg) 0x8000 0.1 deg Rx antenna elevation
evation
float32 longitude 4 [-180, 180] Ox7F7FFFFF | deg Tx longitude coordinate
(deg) in deg (7-8 positions
after decimal point)
float32 latitude 4 [-90, 90] (deg) Ox7F7FFFFF | deg Tx latitude coordinate in
deg (7-8 positions after
decimal point)
float32 altitude 4 [-1€9, +1e9] (m) | OX7F7FFFFF | m Tx altitude coordinate
float32 east 4 [-1€9, +1e9] (m) | OX7F7FFFFF | m Tx east coordinate
(ENU).
Reference coordinate is
Rx position.
float32 north 4 [-1e9, +1e9] (m) | OX7F7FFFFF | m Tx north coordinate
(ENU).
Reference coordinate is
RXx position.
float32 up 4 [-1€9, +1e9] (m) | OX7F7FFFFF | m Tx up coordinate (ENU).
uint16 yaw 2 [0, 360] (deg) OxFFFF 0.1 deg Tx yaw
int16 pitch 2 [-90, 90] (deg) 0x8000 0.1 deg Tx pitch
uint16 roll 2 [0, 360] (deg) OxFFFF 0.1 deg Tx roll
reserved_field |2 Reserved field for future
additions
uint32 speed 4 [0, 5999] (m/s) OxFFFFFFFF | 0.01 m/s Absolute speed of Tx
movement
not yet imple- | 36 Parameters not yet

implemented
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Data type Parameter Byte size Range Invalid Unit Description
reserved_field | 113 Reserved field for future
additions
Total byte size 256

Modulation flags

Table 3-2 shows the 8-bit encoding of the pulse modulation type.
Table 3-2: Modulation flags

modaulation hex code bin code
unmodulated 00 00000000
fm 01 00000001
fm-step 02 00000010
2-fsk 03 00000011
4-fsk 04 00000100
8-fsk 05 00000101
16-fsk 06 00000110
32-fsk 07 00000111
64-fsk 08 00001000
msk 09 00001001
chirp-generic 10 00010000
chirp-linear-up 11 00010001
chirp-linear-down 12 00010010
chirp-linear-triangular 13 00010011
chirp-linear-piecewise 14 00010100
chirp-sine 15 00010101
barker-2 20 00100000
barker-3 21 00100001
barker-4a 22 00100010
barker-4b 23 00100011
barker-5 24 00100100
barker-7 25 00100101
barker-11 26 00100110
barker-13 27 00100111
polyphase-frank 30 00110000
polyphase-p1 31 00110001

User Manual 1179.3873.02 — 06 56



R&S®PPULSE-K32/-K39 Preparing for use

Destinations settings

modulation hex code bin code
polyphase-p2 32 00110010
polyphase-p3 33 00110011
polyphase-p4 34 00110100
bpsk 35 00110101
gpsk 36 00110110
8psk 37 00110111
phase-generic 3F 00111111

am-standard 40 01000000
am-Isb 41 01000001
am-usb 42 01000010
am-Isb-usb 43 01000011
am-step 44 01000100
ask 45 01000101
16-gam 50 01010000
32-gam 51 01010001
64-gam 52 01010010
128-gam 53 01010011
256-gam 54 01010100
noise 60 60 01100000
unknown FE 11111110

EOF FF 11111111
See also:

® Chapter C.2, "Export plugin”, on page 654

3.3 Destinations settings

Access:

» Perform one of the following:
e In the menu bar, select "Configure" > "Destinations"
e In the block diagram of a scenario, select "Signal Generation" > "Config" >
"Destinations".
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=

B ] 5 ]
£+ peptinations +_ O
dyvailalile Destinations Plugin VariaBles of selected Destingtion: Destination 1
ﬁ] & heses v |
Nao Tpe  Destination Plusgin Edit Na Varakle Valse
1 C= Oeitinatisn 1 Pasgin 1 - 1 File: P
2 C= Destination 2 None "I v
Figure 3-1: Destinations: understanding the displayed information
1 = Displays all available destinations
2 = Adds/removes destinations
3 = Information and parameters for available destinations
4 = Plugin variables for currently selected destination
5 = Resets all variables for selected plugin
6 = Information and parameters of variables for selected plugin
Settings
Available destiNatioNS............uiiiiii e 58
L Add, delete, delete all..........coiurimrurieririirireieireieseee e 58
L N Ot 58
L 177 = YOO 59
L DESHNAtON. ...ttt et et 59
L TUTo 13 VOO 59
L il 59
e T8 o T V7= T4 F= 1 o] L= 59
L RESEt VANADIES. ......cveieeeeeececeeeeecce sttt sttt sees 59
L N Ottt 59
L VAHDIE. ...ttt 59
LV BIUE. ettt 60

Available destinations
Displays all available destinations in a repository. Destinations displayed here are
available in all scenarios.

Add, delete, delete all < Available destinations
Standard functions for items handling.

You cannot delete a destination that is assigned in a scenario. First remove the assign-
ment, then delete the destination from the list.

Remote command:
DESTination:ADD on page 472
DESTination:DELete on page 472
DESTination:CLEar on page 472

No — Available destinations
Displays the destination number assigned automatically when added.

User Manual 1179.3873.02 — 06 58



R&S®PPULSE-K32/-K39 Preparing for use

Destinations settings

If you delete a destination from the list, the numbers below it are automatically reas-
signed.

Remote command:
DESTination:SELect on page 426

Type — Available destinations
Plugin type icon assigned automatically for export plugins.

Destination — Available destinations
User-configurable name of the destination. To edit the name, select the field.

Remote command:
DESTination:NAME on page 427

Plugin — Available destinations
Selects a plugin from the drop-down list.
The list contains all export plugins available in "Project tree > Plugins".

Remote command:
DESTination:PLUGin:NAME on page 472

Edit — Available destinations
Opens the "Plugin" dialog where you can edit the name and comment fields or load a
new DLL file.

For detailed information on importing plugins, see "How to import and assign user
defined plugins" on page 377.

Plugin variables
Displays the variables for the current destination.

Remote command:
DESTination:PLUGin:VARiable:CATalog on page 503
DESTination:PLUGIin:VARiable:SELect on page 503

Reset variables — Plugin variables
Resets the variable parameters to the default, removing customizations. The reset
applies to all parameter values, including values not currently selected in the list.

Remote command:
DESTination:PLUGIin:VARiable:RESet on page 504

No < Plugin variables
Displays the automatically assigned plugin variable number.

Remote command:
DESTination:PLUGin:VARiable:SELect:ID on page 504

Variable < Plugin variables
Displays the variable type.

This parameter is for information only.
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Value — Plugin variables

Displays the value of the variable. To edit the values, double-click in the field.
Remote command:

DESTination:PLUGIin:VARiable:VALue on page 504
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4 QOrganizing the project data in repositories

This section explains the basic repository concept and informs you briefly how the soft-
ware database is built.

An introduction to the concept of elements handling is provided in "Creating elements”
on page 32.

4.1 Repository settings

Access:
» In the project tree, double-click the repository name.

The repository tree shows the content of the currently loaded repositories.

Settings:

General Repository SettiNgS........cuii i 61
L 1 TSROSO 62
L 3 YL Y1 107 o) TR 62
L Antenna Cross Polarization > AttenUAtON. .........eeveveeeeeeeeeeeeeeeeeeee e e 62

(070] 1 014 T=T0 | SRS 62

[ FT=T 63

(0] =T [T SRR 63

General Repository Settings
Provides general information related to repository management.

The "General" tab.

€2 = Repository: My_TestScenarios A . [Ax

General Comment Users Storage
Info

name | My_TestScenarios

Author | Rohde&Schwarz
Created | 25 Jun 2014 15:27:04
Version | 2.4

Classification

Level |Lewvel 2 (LEVEL 2)

Disable copy operations to lower level repositories

Antenna Cross Polarization

Attenuation | 30dB

LEVEL 2
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Info — General Repository Settings
Provides information like the name of the author and the date of creation.

"Name" When a new repository is created, it is named automatically but you
can rename it afterwards.
The automatically assigned names follow the syntax:
New <yyyy-mm-dd><T><hhmmss>, where <yyyy-mm-dd> and
T<hhmmss> indicate the current date and time respectively.

"Author"

Indicates the author.
"Created"

Automatically assigned date and time indication.
"Version" Repository version.

Remote command:
REPository:CATalog? on page 426
REPository:CREate on page 426
REPository:SELect on page 427
REPository:REMove on page 428
REPository:AUTHor on page 528
REPository:DATE on page 528
REPository:VERSion on page 529

Classification < General Repository Settings
Classification information is assigned to each repository to set the security level.

"Level" "Level 0" is the lowest level that means no restrictions and "Level 4"
is the highest one. Elements belonging to a repository with higher
level cannot be copied to a repository with lower one.

If more than one repository is loaded, the workspace displays the
highest required classification level, see Chapter 2.5, "Understanding
the displayed information", on page 24.

See also "To change the general program settings" on page 47.

"Disable copy operations to lower level repositories”
If enabled, you cannot copy repository elements for repositories with
higher classification level to repositories with lower one.

Remote command:
REPository:SECurity on page 529

Antenna Cross Polarization > Attenuation < General Repository Settings
Sets the attenuation level used to calculate the cross-polarized antenna patterns, see
"Polarization" on page 178.

Remote command:
REPository:XPOL:ATTenuation on page 529

Comment
Enter a short description of the repository.

Remote command:
REPository:COMMent on page 428

User Manual 1179.3873.02 — 06 62



R&S®PPULSE-K32/-K39 Organizing the project data in repositories

Repository settings

Users
Provides settings related to user management.

For detailed information, see Chapter 22.2, "User administration", on page 396.

Storage
This tab provides settings necessary to configure the default storage folder for the
repositories.

[&-5 Repository: My_TestScenarios o= ] ]

General Comment Users Storage

Path

C: fUsers/Public/Documents /Rohde-5chwarz/Fulse Sequencer/Repositories/
20141124 100351

Obtain Write Permission

Remove Write Lock

Do not alter or remove files within

Reveal in Explorer the repository data structure,

LEVEL 2

"Path" Displays the location (network or local folder) the repository is stored
in.

Remote command:
REPository:PATH? on page 528

"Obtain Write Permission”
Repositories allow the simultaneous access from several users. If a
user with write permission has opened a repository, this write permis-
sion is exclusive. Another user will be granted with the write permis-
sion only after the first user had closed the repository or removed it
from its workspace.
You can request an exclusive write permission only on a repository
that is not opened by another user with write permission.

See also:
® "Discovered Repositories on the Mass Storage" on page 65
® "To obtain write permission on a repository" on page 72

"Remove Write Lock"
The R&S Pulse Sequencer Digital locks any improperly or unexpect-
edly closed repository and indicates this situation with a red lock sym-
bol & in the "Repository Tree". A locked repository can be unlocked
only from the same PC and by the same user with write permission
that had opened the repository before.
See "To remove write lock that results from a previously crashed ses-
sion" on page 621.
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"Reveal in Explorer"
You can open the repository file structure in the Windows Explorer.

Note: Do not change the repository content by changing the file
structure in the Windows Explorer.

To move or share repositories with other users, always use the
"Export/Import Repository Archive" function.

See:

® "To create and export a repository archive" on page 71

® "To import a repository archive via the menu bar" on page 71

Remote command:
REPository:FILename? on page 528
REPository:SAVE on page 529

4.2 Repository manager settings

Access:

» In the menu bar, select "File > Load and Manage Repository".

e S Wepesitory Manager A _Cx
+ trewte i Loasi tspart C= import [ |
L1 Mo Crested Mhoified Wersan Authoe Clata. L /B
- mﬂM g e
B My _Tewicensrion Expart 25 Jun 201415, 2033-04-11T08.. 2.4 Aphdebichaary & LEVELD "W“"F“““"""—n
B2 Hew_023-04-21T188133 Expert 0TF04-1ITIEL. 2033051710 1.0 & NORESTRICTION Add Home Pyt
= Eapemge
N
- o2
B hsag Snndard 13 Jen 2015 15 2021-0503T06_ 2 & NORESTRICTION
B P Plugin Stmndard Flan 2015 09: 0IN503T_ 2 & NORESTRICTION
B K32 Exnrnples Stwndard 15 Dec 2014 1. 20210503106 1 & NORESTRICTION
BE MumEmittar Scontriaw_amap Standerd 2MB05-I5TI4. 20210503709 1.0 wr: & NORESTRICTION
B Puise Dema Sandard 200802015 10 20210503T09_ 1.0 RehdelSchaars & NO RESTRICTION
L]
L) ]

Figure 4-1: Repository Manager: understanding the displayed information

1 = Default repository path (DataPath), see also Table 2-2

2 = Model/license type of repository, see "Create" on page 65

3 = Add custom path for repository discovery for saving and possibly sharing repositories, alternative to
the DataPath and the HomePath

4 = Add the home path set during installation

5 = Add user's home path

The "Repository Manager" comprises the setting for managing the repository files
and archives on the mass storage.

Settings:

Discovered Repositories on the Mass Storage............coovviviririeieiieiiccccere e 65
(07 (=T | (= TP 65
07 T SR 65
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oo o PSR 66
0T 0o ) o SR 66
1670] o) (o TSP PPP 66
D L=] 1= (= YR 66
N (=] o TR URPRPRPRN 66
F N [0 N =1 { o TR 66
Add Install Path, Add Home Path..........ccoooimiiieiiee e 66
[ oYY == | o 67

Discovered Repositories on the Mass Storage
Lists all found directories and the repository files that they contain.

You can change the column width and order.

A lock symbol on the database icon in the "Repository Manager" indicates one of the
following situations:

® Repository is opened by another user with explicit write access.

® |nsufficient user rights for the particular repository.

® |nsufficient user rights on the file system (directory) the repository is stored in.

Try to:

® Wait until the repository has been closed and try to obtain exclusive write permis-
sion, see "To obtain write permission on a repository" on page 72.

® Change your current user or use a user with different role, see "To change the
default user used to access repositories" on page 399.

® |ogin as user with sufficient (write) access rights on the file system.

Remote command:
REPManager:CATalog? on page 530

Create
Adds a repository in the selected directory.

The "Mode" ("Demo" / "Standard" / "Expert") indicates in which operation mode you
created the repository (see Chapter 2.1, "Required options and licences", on page 16).

The following rules apply to repositories:

® Repositories created in the R&S PULSE-K32 can be opened with R&S PULSE-
K39
The repository is irreversibly updated to R&S PULSE-K39 complexity.

® Repositories created in R&S PULSE-K39 cannot be opened with R&S PULSE-
K32.

® Repositories created in the demo version cannot be opened with R&S PULSE-K32
or R&S PULSE-K39.

® Repositories created in the original R&S Pulse Sequencer (RF) application can be
imported into R&S Pulse Sequencer Digital.

See also Chapter 22.3, "Defining storage locations", on page 401.

Load
Loads and displays the selected repository in the workspace.

See "To load a repository" on page 70.

Remote command:
REPManager : LOAD on page 530
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Export
Exports the selected repository to an archive file.

See "To create and export a repository archive" on page 71.

Remote command:
REPManager :EXPort on page 531

Import
Imports a repository from a directory.

Remote command:
REPManager : IMPort on page 531

Copy to
Copies the selected repository to a new location.

The R&S Pulse Sequencer Digital automatically copies all relevant files and database
elements.

Delete

Deletes the entire repository from the permanent mass storage, if:

® The current user has write permission, see Table 22-1.

® The repository is not opened by another user with write permission.

Remote command:
REPManager :DELete on page 531

Refresh
Refreshes the list of found repository files.

Add Path
Opens the "Select Folder" dialog that is similar to the Windows Explorer.

Navigate to the required directory and load it. Found repository files are displayed in
the list.

See also "To set the storage location for repositories” on page 402.
Remote command:

REPManager:PATH:ADD on page 532
REPManager:CATalog? on page 530

Add Install Path, Add Home Path
Adds and loads the directory automatically. Found repository files are displayed in the
"Discovered Repositories on the Mass Storage" on page 65.

Where:

® "Add Install Path" opens the DataPath directory.
Per default, this directory is the same displayed in "Repository Manager" (see Fig-
ure 4-1).

® "Add Home Path" opens the HomePath directory.

For information on the default file paths, see Table 2-2.

See also Chapter 22.3, "Defining storage locations", on page 401.
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Repository view

Remote command:
REPManager:PATH:ADD on page 532
REPManager:CATalog? on page 530

Remove Path
Removes the selected path. The repository files within this directory are also removed
from the list.

Remote command:
REPManager:PATH:DELete on page 532

Repository view

By default, the repository view is set to the tree view. In the tree view, every item of the
repository element, e.g. "Scenarios", is displayed.

See "Repository tree" on page 26.

You can switch the tree view to a list view, which displays the number of items in the
repository element in brackets. If you select a repository element in the list view, the
"ltem Overview" dialog opens and displays all items of the selected repository element.

Access:

1. In the project tree toolbar, click =.

Repositories Comment

S~ ﬂ:ﬁ *My_TestScenarios
EEE Scenarios (17)
- Platform Types (0)
U8) Emitter Types (4)
<% Antenna Patterns (8)
) Antenna Scans (4)
I8l DF Receiver Types (2)
=F Sequences(153)
. Pulses (9)
” Waveforms & Importe...
all Inter-Pulse Mods (8)
E’-_’. Data Sources (2)

(™ Plugins (1)
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2. Click the repository element to open the item overview.

Repository view

Repositories Comment O = item Overview

~ ﬁé" *My_TestScenarios
E55 Scenarios (17) Repository: My _TestScenarios
W Platform Types (0) Items: Antenna Patterns
U8l Emitter Types (4) Search Alias

|I-' Antenna Patterns (8) I
D Antenna Scans (4)

8% DF Receiver Types (2) No | Type Name
=k Sequences (15

" pulestg] = 1 | (= Dipole

’ Waveforms & Importe... b} (:’ My_PencilBeam
all Inter-Pulse Mods (8)

E’. Data Sources (2) 3 (" My_Cosecant

(™ Plugins (1) 4 (" My_PlanarAntenna

5 (" TestAntenna
6 (" CustomAntennPattern
7 (" Custom Phased Array

Cardioid

-
]

Edit

Info
Dipole
Gaussian Model
Cosecant
Array Antenna
Imported from File
Custom Medel
Custom Phased Array

Cardioid

Settings:
=T 0101 (o] Y2 68
BB ettt ettt ettt eeeeeeeeeaaaaaaaeeeteeetra——————————————————— 68
SEAIMCKH AlIGS.....oeieeieiiteceeee ettt e e e e e e e e e e e e e e e e e e e e e eeara———————————— 68
Edit, Append, Remove, Remove all, Copy and append..........ccccccuermerreeeeeeeeeieccnieenen, 68
[temM OVEIVIEW taDI€......cc o 68
L N Ottt 68
Ty D ettt ettt ettt et en e enen e 69
L N BIMIE. ettt ettt e e ee e n e en e 69
= | U 69
17 YOO 69
Repository

Displays the name of the repository.

Items

Displays the name of the selected repository element related to the items.

Search Alias
Filters the list according to the string entered in the dialog.

Edit, Append, Remove, Remove all, Copy and append

Standard functions for items handling, see "Standard function in the context menus"

on page 33.

Item overview table
The table shows the following information:

No — Item overview table
Displays the number of the item.
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4.4

How to manage the project data

Type < Item overview table
Displays the type of the item, e.g. "Antenna Patterns".

Name < Item overview table
Displays the name of the item.

Edit — Item overview table
Opens the dialog to edit the selected item.

Info — Item overview table
Displays important parameters of the item.

How to manage the project data

See:

® "To create a repository" on page 69

® "To rename the repository" on page 44

® "To save the repository" on page 44

® "To delete a repository" on page 70

® "To remove a repository from the workspace" on page 70

® "To load a repository" on page 70

® "To create and export a repository archive" on page 71

® "To import a repository archive per drag&drop" on page 71

® "To share a repository with other users" on page 72

® "To protect a repository from accidental changes" on page 398

® "To remove the password protection on a repository" on page 399
® "To change the default user used to access repositories" on page 399

To create a repository

1. In the menu bar, select "File > New Repository".

A new empty repository is created and added to the project tree.

Repositories are named automatically. The repository names follow the syntax:
New <yyyy-mm-dd><T><hhmmss>, where <yyyy-mm-dd> and T<hhmmss> indi-
cate the current date and time respectively.

2. In the project tree, double-click the repository name.

The "Repository" dialog opens.
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4.
5.

How to manage the project data

k4 i= Repository: My_TestScenarios al_Fx

General Comment Users Storage
Info

Name | My_TestScenarios

Author | Rohde&Schwarz
Created | 25 Jun 2014 15:27:04
Version | 2.4

Classification

Level |Level 2 {LEVEL 2)

Disable copy operations to lower level repositories

Antenna Cross Polarization

Attenuation 30 dB

LEVEL 2

¢ >
7

Change the settings. For example, change the automatically assigned "Name" and
"Comment".
Set the "Classification > Level >" (see "Classification” on page 62).

Close the dialog.

To delete a repository

You can delete repositories that you no longer need, if this repository is not opened by
another user with write permission.

1.

2
3.
4

Use a user with write access rights, e.g. "Admin" or "Creator" (see Table 22-1).
In the menu bar, select "File > Load and Manage Repository".
From the listed files, select a repository file, e.g. "My_TestScenarios".

Select "Delete".

To remove a repository from the workspace

>

In the project tree, select the repository e.g. "My_TestScenarios". In the context
menu, select "Unload from Workspace".

The repository is removed from the workspace but not deleted. You can open it
again, see "To load a repository" on page 70.

To load a repository

1.
2.

In the menu bar, select "File > Load and Manage Repository".

If necessary, for example by loading and exchanging repositories with another
user, change the directory in that the software searches for repository files.

From the listed files, select a repository file, e.g. "K32 Examples".
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4. Confirm with "Load".

The repository is opened and displayed in the project tree.

To create and export a repository archive
We assume that you have created a repository and configured at least one scenario.

1. Perform one of the following:

a) In the repository tree, select the repository.
In the context menu, select "Export".

b) In the menu bar, select "File > Export Repository".
From the listed files, select a not used repository file.

& Export Repository ? X
Export Repository to Archive

Target Path
C:fUsers/Rohde-Schwarz

Archive File Name

Export.psdigarch
Calculated Data

‘® Do notindude calculated data

Indude calaulated data

OK Cancel

N

In the "Export" dialog, select "Target Path" to change the directory in which the
repository archive file is stored.

3. Per default, the software saves repository archives as Export.psdigarch file.
Select "Archive File Name" to change the filename.

4. Define whether the archive file includes the calculated data or not.
Including calculated date increases the size of the archive.

5. Select "OK".

The repository archive is stored in a file with the selected filename.
The file extension * .psdigarch is assigned automatically.

To import a repository archive per drag&drop
1. In your file explorer, navigate to the network directory with the repository archive.
2. Select a repository file, drag&drop it in the R&S Pulse Sequencer Digital.

The repository is opened and displayed in the project tree.

To import a repository archive via the menu bar
1. In the menu bar, select "File > Import Repository".

2. Navigate to the network directory. Select a * . psdigrch file.

The "Load and Manage Repository" dialog opens.
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How to manage the project data

3. Select a repository file and confirm with "Load".

The repository is opened and displayed in the project tree.

To share a repository with other users

To move or share repositories, use the "Export/Import Repository Archive" function. Do
not access the repositories from your Windows Explorer.

1. See "To create and export a repository archive" on page 71.

2. See "To import a repository archive via the menu bar" on page 71.

To obtain write permission on a repository
Repositories can be opened with executive write permission by one user at a time.

If you have sufficient user rights, you can request an exclusive write permission on a
repository that is not opened by another user with write permission.

1. In the project tree, double-click the repository name.
2. In the "Repository" dialog, select "Storage".

3. Select "Obtain Write Permission".
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Overview of the available scenarios and their complexity

5 Selecting a suitable scenario and creating
scenarios

This section explains the provided scenario types and helps you select the scenario
most fitting to your current task.

5.1 Overview of the available scenarios and their com-
plexity

The R&S Pulse Sequencer Digital supports six scenarios with different complexity.
Select the scenario most fitting your test case:

® Single sequence
The single sequence scenario is used to create sequences from individual pulses.
Pulse parameters include the pulse envelope, modulation on pulse (MOP), carrier
frequency, and level. The sequence editor defines the order in which the pulses are
generated and also adds control elements such as loops and fillers. Inter-pulse
modulation profiles can be applied to vary pulse parameters.

® Sequences (collection)
The sequences (collection) scenario is used to create multiple sequences which
can be selected in arbitrary order.
Pulse parameters include the pulse envelope, modulation on pulse (MOP), carrier
frequency, and level. The sequence editor defines the order in which the pulses are
generated and also adds control elements such as loops and fillers. Inter-pulse
modulation profiles can be applied to vary pulse parameters.

® Single emitter
The emitter scenario combines a pulse train with an antenna pattern and a particu-
lar antenna scan type. An emitter comprises several modes. Each mode is defined
by an antenna pattern and an antenna scan, and multiple beams that contain the
pulse train.

® Emitters (collection)
The emitter collection scenario provides a choice of multiple emitters that can be
selected manually. An emitter comprises several modes. Each mode is defined by
an antenna pattern and an antenna scan, and multiple beams that contain the
pulse train.
Multiple emitters can be interleaved into multiple output files using groups and a
priority-based dropping algorithm.
If pulses are overlapping, the pulses with the lower priority are dropped.

® |ocalized emitters
The localized emitters scenario combines multiple emitters and one receiver on a
2D map. An emitter comprises several modes. Each mode is defined by an
antenna pattern and an antenna scan, and multiple beams that contain the pulse
train. The receiver is defined by a single antenna pattern and scan.
Multiple emitters can be interleaved into multiple output files using groups and a
priority-based dropping algorithm.
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If pulses are overlapping, the pulses with the lower priority are dropped.

® Direction finding
Option:R&S PULSE-K39
The direction finding scenario simulates multiple emitters and a single receiver with
up to 10 antennas on a 2D map.
The individual signals for each receive antenna are simulated to enable the
receiver to locate the position of a signal source.
Multiple emitters can be interleaved into multiple output files using groups and a
priority-based dropping algorithm.
If pulses are overlapping, the pulses with the lower priority are dropped.

® PDW list (collection)
The PDW list collection finding scenario provides a choice of multiple PDW lists
that can be selected manually. This scenario generates a Rohde & Schwarz propri-
etary PDW-based signal from a list of imported PDWs in custom format.
Imported PDW lists are read from a waveform object.
Multiple emitters can be interleaved into multiple output files using groups and a
priority-based dropping algorithm.
Option:R&S PULSE-K39 required for interleaving.
If PDWs are overlapping, the PDWs with the lower priority are dropped.
See Chapter 18, "Working with PDWs", on page 355.

5.2 Scenario settings

Access:
» Select "Repository Tree > Scenario".

The "Scenario" dialog provides the settings, necessary to configure the signal pro-
cessing.

Settings include: settings to select the signal source, to create the waveform, to
select the destination, and to transfer the waveform. The dialog also provides basic
simulation control functions that are required for signal preview and are specific to
each scenario type.

The dialog also shows an interactive block diagram of the main processing blocks,
together with their current settings and state.
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ﬁl

Scenario settings

Hi= ' -~ I »_Ox
simplePulseTrain Simulation Reference Info
Duntisn Freguency Reporting is bamed off.
Comment MtitRreading Is tumed off.
W Auvo B5m EGHz Output ks FOW's
Fixed | 1503 Lvel
10 8B
Seenarin Type
Single Sequence -
Scenario Creation @ Signal Caculstion @ Signal o E
Sequence: Export Plugin

My_PT_PRI-5tagq... Deestinathon 1

Consg i

Sequence = »* > > [ _ﬂ
Resuts =
B Eevranimiz B Run
_' —
( ™
—__ -

Signal Storage: .

Idie

Figure 5-1: Scenario dialog: Understanding the displayed information

= Scenario overview

= Simulation duration settings (see "Duration" on page 349)

= Selected frequency information

= Info: report generation, scenario setup, warnings about missing/incompatible assignments

or configurations when red LEDs display

5 = Block diagram of the processing chain (see "Scenario creation" on page 79, "Signal Cal-
culation" on page 80, Chapter 5.2.1, "Common scenario settings", on page 75

6 = Selects and indicates the destination for the generated signal (see Chapter 3.3, "Destina-
tions settings”, on page 57)

7 = Represents the storage that the simulation data is stored in

Green LED = Indicates suitable source and destination

Yellow LED = Indicates sequence or export errors

BN -~

Red LED = Indicates that there is no source, an incompatible sequence component or no destination
selected

Dotted line = Interrupted signal flow, meaning there is no calculated waveform or no destination
selected

The provided settings depend on the selected scenario type and on the target for
signal generation (destination plugin).

5.21 Common scenario settings

The following settings are common to all scenario types:

ST ot=T o T= T (o0 A =T 1Y R 76
(070 a0 T=T 0 | F5 76
S TecT o T T To T o 1= TSP 76
SIMUIALION. ...ttt ettt ettt e et aeseseeeeeaeaaaasasseseeeeeeessrares 77

L INEEIIRAVING. ...ttt ettt ee e enne 77
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L MO ....cveeeecet ettt ettt sttt 77

L DUFBLION. ..ttt et et ee e e e e e e e e e e eenenene 77

L Start PrevieW after FUN.........c.o.eeeeeeeee ettt 78
RETEIENCE. ... .ottt ettt ettt aese e e e e eeaeaaaasaseeeeeeees 78
L FTEQUENCY ...ttt ettt e st e st e e aenans 78

L LBV L ettt bbbt e 78

0] (o T PP UPU PPNt 79
SCENANO CrEALION......cci i i e e e e e e e e e e e e e e e e e e e e e e e e e s b e e aeaeeaas 79
L E MO EMIEEIS ...t ee e e ee e e e e ee e e e e eeeenenann 79

L VLB ettt ettt 79

L PDW lISES...uvievieieieciiietieeieee st ss sttt b e 79

L S EqUENCE/SEUUENCES. ... ..ottt ettt ee s en s en s seenas 80
Signal CalCUIatioN......ceeeiiiii e e e e e e e e e e e e e e eraaaara—— 80
L CONMIG ettt ettt ee e et e e e e 80

L ASSIGN. ..ttt ettt et ettt ettt enen sttt teranas 81

L RESUIES ..ottt ettt e et e e e e e ee e e e et eeeenseeee e seeee e eeneaeeeaneens 81

L CAICUIATE. ...ttt ettt et et et eeeae e e ae et e teeeeaeeens 81

O (=111 111 AR 81

1] =Y g L= V7oV RPN 82
L CONMIG ettt ettt ettt et et en et n e 82

L ASSIGN. ..ttt ettt ettt e ettt ettt en e en e et ettt tenanas 83

L RESUIS. ...ttt a e ens st n s s s en st enenanaenans 83

L IEITEAVE. ...ttt et et e et e et e e e e nenenns 83

L REITANSIMIL. vttt ettt et e et e et et et et et e e eeeae e eeeeeeneeeeeeeeeeeeseeeee 83

ST (o o= 1 1= g 1T = Ao ) o 1SRRI 84
L RUN/SEOP. ..ttt ettt e et et st e e s ae e see e e e eeeans 84

Scenario Name
Enter a unique name to identify your current scenario in the repository.

Remote command:
SCENario:CREate on page 426
SCENario:CATalog? on page 426
SCENario:NAME on page 427
SCENario:SELect on page 427
SCENario:REMove on page 428

Comment
Enter a short description of the scenario. The first line is displayed in the repository
tree.

Remote command:
SCENario:COMMent on page 428

Scenario Type
Displays the scenario type.

Remote command:
SCENario:TYPE on page 544
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Simulation
Contains settings relating to the scenario duration and interleaving in appropriate sce-
narios.

Interleaving < Simulation
Option:R&S PULSE-K39.

Enables interleaving in scenarios that support it.

For a description of interleaving, see:
® "About the interleaving" on page 238
® ‘Interleaving" on page 82.

Remote command:
SCENario:LOCalized:INTerleaving on page 545
SCENario:DF:INTerleaving on page 545
SCENario:CEMit:INTerleaving on page 545
SCENario:CPDW: INTerleaving on page 545

Mode — Interleaving < Simulation
Enabled if "Interleaving > On".

Defines the interleaving mode.

Simulation
~" Interleaving
Merge b
Duration
Automatic
® Fixed
ls

Start preview after run

Select "Drop" or "Merge" mode.

In "Drop" mode, interleaves the PDWs using a priority-based algorithm that drops over-
lapping pulses. Set the priority in the Config dialog.

In "Merge" mode, merges all PDWs without dropping.

When using "Merge" mode, the "Priority" column in Config is hidden.

For a description, see "About the interleaving" on page 238 and "Interleaving"

on page 82.

Remote command:
SCENario:LOCalized:INTerleaving:MODE on page 545
SCENario:DF:INTerleaving:MODE on page 545
SCENario:CEMit:INTerleaving:MODE on page 545

Duration — Simulation

Sets the simulation duration and works like the "Duration" settings in the "Signal Calcu-
lation > Config > Config > Duration" dialog. If you change the settings here, they
update automatically in the "Signal Calculation > Config > Config > Duration" dialog.
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The generated signal can:

® | ast a specified duration.
Short sequences are repeated, longer once are truncated.

® Have an automatically determined content and duration, that best fits the current
scenario and configuration. After the signal calculation, the duration is displayed.

Simulation

Duration

® puto | 34.493ms

Fixed | 15

Short sequences result in waveform files with small size.
Short sequences are repeated, longer sequences are truncated.

See also "Duration" on page 349.

Remote command:
SCENario:OUTPut:DURation:MODE on page 562
SCENario:OUTPut:DURation:TIME on page 562
SCENario:0OUTPut:DURation:AUTO? on page 562

Start preview after run — Simulation
Available if a destination is selected: "Signal Calculation > Config > Destinations".

Opens the "2D Movement Preview" automatically after you select "Signal Generation >
Run".

Reference
Contains settings relating to the selected frequency.

Frequency — Reference
Sets the carrier frequency of the instrument on which the generated waveform is
modulated on.

Emitters use their current operating frequency, see "EIRP" on page 221.

Remote command:
SCENario:OUTPut:FREQuency on page 563

Level < Reference
Sets the reference level.

This value is used by the calculation of the pulse envelope. The reference level corre-
sponds to the "Ref." line, displayed on the "Pulse Envelope Graph" as a relative ratio.
For example, "Ref. = 1" corresponds to 100% * "Level".

For unattenuated pulses, the "Level" sets the pulse top power.

Example: Pulse top power of an unattenuated pulse

If:
® "Level =-30 dBm"
® "Pulse > Level > Attenuation > Top Power = 0 dB"

Then the pulse top power would be -30 dB (at the RF output).
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Example: Pulse top power of an attenuated pulse

If:
® "Level =-30 dBm"
® "Pulse > Level > Attenuation Top Power = 10 dB"

Then the pulse top power would be -40 dB (at the RF output).
If:

"Level =-30 dBm"
"Pulse > Level > Attenuation > Top Power = 0 dB"
e Alevel=10dB

Then the pulse top power would be -20 dB (at the RF output).

Remote command:
SCENario:0UTPut:LEVel on page 563

Info
Displays status information on the current scenario setup:

® Report generation status, type and file location
To enable report generation, select "Signal Calculation > Config > Config > Report-
ing > Reporting > Enable"
See also "Reporting" on page 351 and Chapter 21, "Creating reports and docu-
menting measurement results", on page 386.

® \Warnings about incomplete or incompatible settings.
For troubleshooting, open the settings dialog directly by clicking | st & |,

Scenario creation
Groups and accesses settings related to the signal source.

Emitter/Emitters < Scenario creation
Access settings related to emitters.

"Emitter" Available in single emitter scenarios.
Opens a context menu that enables you to edit, add or clear an emit-
ter. You can also select an available emitter for the scenario from the
menu.

"Emitters" Available in multiple emitter scenarios.
Opens the "Emitters (Collection)" dialog where you can change the
settings for multiple emitters.
For more details, see single or multiple emitters.

Map < Scenario creation
Opens the 2D map in map-based scenarios.

See Chapter 16.2, "2D map settings", on page 298.

PDW lists < Scenario creation
Opens the "PDW Lists (Collection)" dialog where you can edit, add and remove lists for
the scenario.

See Chapter 18, "Working with PDWSs", on page 355
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Sequence/Sequences < Scenario creation
Access settings related to the pulse sequence.

"Sequence" Opens a context menu that enables you to edit, add or clear a
sequence. You can also select an available sequence for the scenario
from the menu.

Available in "SimplePulseTrain" and "PDW" scenarios.

"Sequences” Opens the "Sequences (Collection)" dialog where you can change the
settings for multiple sequences.
Available in "PT Collection" scenarios.
For more details, see single or multiple pulse sequences, a waveform
sequence.

Signal Calculation
Groups and accesses settings related to the signal generation and the calculated out-
put signal.

Config < Signal Calculation
In general, the software calculates a waveform most suitable for the target currently
selected in the "Signal Generation" block.

If you prefer to change these settings, however, select "Config".

signal Calculation @

Config
— Assign

Results

m % m

H calculate

&
b

Signal Storage

"Output Format"
Accesses a dialog where you can change the settings influencing the
waveform generation, see Chapter 17.1, "Signal calculation settings",
on page 348.

"Open Report Folder"
Opens the report folder in Windows Explorer, see Chapter 21, "Creat-
ing reports and documenting measurement results", on page 386.

"Target" Allows you to select your target "Destination" from a list.

"Clear Target"
Removes the selected target and sets the selection to "None".

"Destinations"
Accesses the "Destinations" dialog, see Chapter 3.3, "Destinations
settings"”, on page 57.
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Remote command:
SCENario:STARt on page 546
SCENario:STOP on page 546
SYSTem:PROGress? on page 594
SCENario:STATe? on page 546

Assign < Signal Calculation
In a "Scenario Type = Localized Emitters/Emitters (Collection)/Direction Finding/PDW
List (Collection)", accesses the dialog for mapping of signals to Destinations.

Assigns signals to an existing plugin in the scenario.
See Chapter 17.2, "Assign signals to destination", on page 351.
See Chapter 3.3, "Destinations settings", on page 57.

Results — Signal Calculation
To observe the calculation results, select "Results".

Depending on your user rights, you have read-only or full access to the repository.
Users granted with full access rights are allowed to perform all the following functions:
llVierl

Selects a generated file and visualizes it.

See Chapter 15, "Visualizing and analyzing signals”, on page 284.

Remote command:
SCENario:VOLatile:SEL on page 565
SCENario:VOLatile:VIEW on page 565

"Clear calculated results"
Removes the calculated results from the scenario but not from the
storage. Change the required settings and calculate again.

Remote command:
SCENario:CACHe:VOLatile:CLEar on page 547

"View signal statistics"
Opens the "Signal Statistics" dialog where you get information about
the signal parameters, e.g. frequency, level and bandwidth. The
results are displayed in a table.

Calculate < Signal Calculation
Select to start the signal calculation.

Starts signal calculation, if the prerequisites are fulfilled.

The software informs you about the estimated file size. A "Busy" indication in the status
bar and detailed progress information indicates that the calculation is in progress.

"Stop" Aborts the current calculation process.

Remote command:
SCENario:CALCulate on page 546
SCENario:STOP on page 546

Retransmit < Signal Calculation
After calculating, you can retransmit the calculated data to all destinations.
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Interleaving
Option:R&S PULSE-K39

Displayed in "PDW Lists (Collection)", "Emitters (Collection)", "Localized Emitters" and
"Direction Finding" scenarios, if "Simulation > Interleaving > On". See "Simulation"
on page 77.

Groups and accesses settings related to the interleaving process and the analysis of
interleaved and dropped PDWs.

Enables you to combine the emitters or PDW lists into multiple output files using
groups, "Merge" mode, and a priority-based dropping algorithm, "Drop" mode.

The interleaving is a separate optional post-processing step in the signal calculation. If
this step is required, it can be triggered separately (see "Simulation" on page 77).

Interleaving [ ]

Config

------ » Assign

m % 1m

Results

> Interleave

&
b

Signal Storage

See also:

® "Emitters (Collection) scenario settings" on page 86
® "Localized emitters scenario settings" on page 88

® "Direction finding scenario settings" on page 88

® "PDW list scenario settings" on page 89

Config < Interleaving
Allows you to configure the interleaving settings.

See:

® Chapter 11.1, "Emitters (Collection) and localized emitters interleaving settings",
on page 239

® Chapter 18.6, "PDW list (Collection) interleaving settings", on page 370

"Interleaving Groups"
Accesses a dialog where you can change the settings influencing the
waveform generation, see Chapter 17.1, "Signal calculation settings”,
on page 348.

"Destinations"
Accesses the "Destinations" dialog, see Chapter 3.3, "Destinations
settings", on page 57.
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Assign < Interleaving
In a "Scenario Type = Localized Emitters/Emitters (Collection)/Direction Finding/PDW
List (Collection)", accesses the dialog for mapping of signals to Destinations.

Assigns signals to an existing plugin in the scenario.
See Chapter 17.2, "Assign signals to destination", on page 351.
See Chapter 3.3, "Destinations settings"”, on page 57.

Results < Interleaving
To observe the statistical information on the interleaved and dropped PDWs or pulses,
select "Results".

Depending on your user rights, you have read-only or full access to the repository.
Users granted with full access rights are allowed to perform all the following functions:

"View" > "Analyze"
Opens the "Analyze Interleaving" dialog.
See Chapter 18.9, "Analyze interleaving", on page 375.

"View" > "Interleaved/Dropped PDWs"
Opens the "Dropped PDWs" dialog presents a visualization of the
results.
See Chapter 18.8, "Signal preview with interleaved and dropping sta-
tistics", on page 374.

"Clear calculated results"
Removes the calculation results and enables you to edit the scenario
settings and recalculate.

Remote command:
SCENario:CACHe:VOLatile:CLEar on page 547

"View signal statistics"
Opens the "Signal Statistics" dialog where you get information about
the signal parameters, e.g. frequency, level and bandwidth. The
results are displayed in a table.

Interleave — Interleaving
Option:R&S PULSE-K39

Select to start interleaving.

Available in "PDW List (Collection)" and "Emitter (Collection)" scenarios, if "Interleaving
> 0On" is used.

Triggers the calculation of a single output file that comprises the individual PDWs or
pulses, where overlapping PDWs or pulses are dropped, based on a defined priority.

The "Interleaving progress" dialog visualizes the number of PDWs or pulses that are
included in the output file and the percentage of other that are dropped.

See "Interleaving" on page 82.

Remote command:
SCENario:INTerleave on page 546

Retransmit — Interleaving
After calculating, you can retransmit the calculated data to all destinations.
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Signal Generation
Select "Signal Generation" > "Config > Destinations..." to transfer the simulated data to
an export plugin.

082 B

Signal Generation
Export Plugin
Destination 1

— — -

P Run

1 = Destination, as selected with "Config > Destination"

2 = Current setup name, as selected in the dialog "menu bar > Configure > Destinations", see Chapter 3.3,
"Destinations settings", on page 57

3 = Status indication

4 = Simulation export destination as selected in Chapter 3.3, "Destinations settings", on page 57

Run/Stop «— Signal Generation
Provides the following functions:

"Run" Calls the run method of the export plugin.
Use this function to perform a task like streaming all PDWs.

"Stop" Calls the stop method of the export plugin if needed.
Remote command:

SCENario:STARt on page 546

SCENario:STOP on page 546

SYSTem:PROGress? on page 594

SCENario:STATe? on page 546

5.2.2 Scenario-specific settings

Sequence (Collection) Scenario Settings........ccccuvieiiiieeei e 85
Single emitter sCenario SENGS.....ccvuiiiiiiiiccccrre e ———— 86
Emitters (Collection) scenario SettNgS.......ccueuiiiiiiiiiiiiiiiiee e 86
Localized emitters scenario SEtNGS. .....ccouiuiiiiiiiiie e 88
Direction finding scenario SettiNgs..........uiii i 88
PDW list sSCeNario SEtiNgS........cccueriiiiieiieie e 89
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Scenario settings

. = scenario: My_TestScenarios -» My_PT_Collection *_Mx
My_PT_Collection Sequence Simulation Reference Info
Current Duration Frequency Reparting is turned off.
Commient o 8 fu 16 Multithresding is turned off,
Muttiple PT scenprias : - Hz Outpat is POWS
Fived 13 Lewvel
0dBm
Scenario Type
Sequences (Collection) o
Seenaio Creation @ Signal Calculation @9 Signal Generation
Expart Plugin
Destination 1
Config = — »
Sequences = | EEEEE— = L Comhg = C+
Redults —
B caicuiate » Run
— A
v
e A
Storage ~

Idle

A scenario with multiple sequences requires a list of sequences. You can switch

between these sequences using "Scenario Creation" menu and select the one to be
transmitted.

The "Sequence" field indicates the alias name of the sequence currently selected.

See:
® Chapter 7.2.5, "Lists with multiple sequences", on page 129
Chapter 5.2.1, "Common scenario settings", on page 75
Remote command:

SCENario:CSEQuence on page 556

SCENario:CSEQuence:CURRent on page 548
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Single emitter scenario settings

Scenario settings

= My_Tests = S #_0Ox
SimpleEmitterScenario | Emitter Simulation Reference Info
Mode Yo Duration Frequency Eeporting is turned off.
Comment Mubzithreading is turned off,
Surveifiance 10* ® Auto 6 GHz Output is FOWs
ane test emitler
Beam Pitch Fixed 1% Level
Beam 1 5" 0 dBm
Soraato ot Preview Boll
3D o
Single Emitter -
Scenario Creation Signal Calculation I Signal Generation
Emiitter: Expart Plugin
My_EmitterGuida... Destination 1
- Canfig = -
Emitier = ———— L g Config = —
Redults =
B cotcutate P Fun
A
A
- 2
Storage b
Idle

Use the context menu in the "Scenario Creation" block to select and configure the
emitter.

You can switch between the emitter modes, define the current beam, set the attitude,
and visualize the signal received by a static receiver on a 3D preview.

In this scenario, the "Frequency" is a read-only parameter that displays the Frequency
value of the current emitter (as selected in the "Emitter" dialog).

See:

® "Emitter attitude" on page 218

® Chapter 10.4, "How to create and configure emitters”, on page 233
® Chapter 10.1, "Emitter settings", on page 220

[ ]

Chapter 5.2.1, "Common scenario settings", on page 75

Remote command:

SCENario:EMITter on page 549
SCENario:EMITter:MODE on page 550
SCENario:EMITter :MODE:BEAM on page 550
SCENario:EMITter:CLEar on page 433
SCENario:EMITter:DIRection:PITCh on page 549
SCENario:EMITter:DIRection:YAW on page 548
SCENario:EMITter:DIRection:ROLL on page 549

Emitters (Collection) scenario settings

You can use "Emitter (Collection)" scenario to test the receiver's ability to detect the
signal from different static emitters. In this dedicated scenario, you can configure sev-
eral emitters and switch between them sequentially. You can also configure the
receiver and change its position in the scanning beam of the emitters.
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Scenario settings

MultipleEmitters
Comment

2 emitters

Idle

Simulation
Itarsaving

Enable Interlerving

Drop
DCuration
At

Info

Reporting i tumed off.
Multithreading i tumed off.
Cutput is PDWs

Scenania Type
Ermitters [Collection] & Ficed| 13
Seenanio Creaticn I Signal Caleulation Signal Generation
Expan Plugan
Gonfig = Con =
Emitters = > i » =
Results = Asign =
B cCalcuiate * Run
F Y
¥
r"--
— R
Starage

In addition to processing the emitters sequentially, if the selected destination supports
interleaving, you can also combine them into multiple output files using groups and a
priority-based dropping algorithm. During the interleaving process, overlapping pulses
with lower priority are dropped. You can configure the priority of the individual emitters.

If "Simulation > Interleaving > On", the block diagram shows the dedicated Interleaving

block.

See:

Chapter 11, "Combining the signals of multiple emitters", on page 238
"Interleaving" on page 82
"To configure complex scenarios with several emitters" on page 235
Chapter 10.3, "Emitters (Collection) settings", on page 225

Remote command:
SCENario:CEMit:INTerleaving on page 545
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Scenario settings

Localized emitters scenario settings

B = scenario: My_Tests - dEmitters #_COx
LocalizedEmitters Simulation Info
Interieaving Beparting is turned off.
Comment - . Mulsithreading is turned off,
risbie intesieaving Outpat is POWs
D plane: IxEmitter, Txinterfener,
Txneceiver
Drag
Duration
Auto
Scenaria Type ® Fiea 14
Localized Emitters bt Start preview after run
Scenario Creation @ Signal Calculation @ Signal Generation
Expat Plugsn
Conf = Confl =
Mp = » = » 4 » =
Risilts = Adsigh =
i Caloulate P Eun
A
v
. 3
Storage
Idle

You can use the "Localized Emitter" scenario to test the receiver's ability to detect the

sum signal from different static emitters. In this dedicated scenario, you configure the

signal of one or more emitters that would be received by a receiver with defined char-

acteristics. You can also configure the receiver and change its position in the scanning
beam of the emitters.

Select "Scenario Creation > Map" to display the 2D view of the receiver and currently
configured emitters, together with their main characteristics.

In this preview, you see the current position and attitude of the emitters.

This feature is only available after a destination has been set via "Signal Generation >
Config".

In addition to processing the emitters sequentially, if the selected destination supports
interleaving, you can also combine them into multiple output files using groups and a

priority-based dropping algorithm. During the interleaving process, overlapping pulses
with lower priority are dropped. You can configure the priority of the individual emitters.

If "Simulation > Interleaving > On", the block diagram shows the dedicated Interleaving
block.

See:

® Chapter 16.1, "How to create scenarios with receiver and TX items", on page 290
Chapter 17.2, "Assign signals to destination", on page 351

® Chapter 5.2.1, "Common scenario settings", on page 75

Remote command:
SCENario:LOCalized:INTerleaving on page 545

Direction finding scenario settings
Option:R&S PULSE-K39
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Scenario settings

The "Direction Finding" scenario simulates multiple emitters and a single receiver with
up to 20 antennas on a 2D map. This scenario is suitable to test direction finding sys-
tems and to detect interfering signals or transmissions in unauthorized bands.

The generated files are the individual signals of each receive antenna.

iii = scenario: My_Testscenarios -» My_DF A0 x
DF Simulation Info
interieaving Eeparting is turned off.
Comment - Multithreading is turned off,
Ensbie Interdeaving Output is FOWs
Drap
Durstian
& aute
Scenario Type L e
Dirsction Finding w Start preview after run
Scenario Creation Signal Calculation @ Signal Generation
Export Plugan
Confi = Conf =
i = > Il = » 9 - » o
Results = AdBIgn —
B Cotcuiate [
Y
v
B ]
Stosage
Idie

Select "Scenario Creation > Map" to display the 2D view of the receiver and the config-
ured emitters, together with their main characteristics.

In addition to processing the emitters sequentially, if the selected emitters supports
interleaving, you can also combine them into multiple output files using groups and a
priority-based dropping algorithm. During the interleaving process, overlapping pulses
with lower priority are dropped. You can configure the priority of the individual emitters.

If "Simulation > Interleaving > On", the block diagram shows the dedicated Interleaving
block.

See:

Chapter 13.2, "Receiver settings", on page 264

Chapter 16.1, "How to create scenarios with receiver and TX items", on page 290
® Chapter 17.2, "Assign signals to destination", on page 351

Remote command:
SCENario:DF:INTerleaving on page 545

PDW list scenario settings
Option:R&S PULSE-K39

The "PDW List (Collection)" scenario is dedicated for importing custom PDW lists from
legacy test cases and importing them into the application.
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How to select and create a test scenario

Moreover, you can use the "PDW List (Collection)" scenario to configure several PDW
lists and switch between them sequentially. You can also combine them into multiple
output files using groups and a priority-based dropping algorithm. During the interleav-
ing process, overlapping PDWs with lower priority are dropped, where you define the
priority of the individual PDW lists.

If "Simulation > Interleaving > On", the block diagram shows the dedicated Interleaving

block.
850 = scenario:My_TestScenarias = FOW List 0 %
PDW List Sirmulation Info
Interieaving Reporting is tumed off.
Comment .
' Enabie interieaving :f‘:'ﬂ‘::‘,ﬂ"w"s"“'m“ =
Drog
Duration
Scenana Type )
PO List (Collection) w| | Fixed| 1+
Seenarnio Creation Signal Calculation @ Interiesving @ Signal Generation
Expen Plugin
Con B Conf B Confl =
POW Lists = > : — > 2 _ > : _ L
Results = Resuls = asign =
B colcuiate 3= Interieave B Run
A A
<..____ _ = I"-~-._\__ —
Slarage . Starsge
Idle
See:

® Chapter 18, "Working with PDWs", on page 355

Remote command:
SCENario:CPDW:CURRent on page 548
SCENario:CPDW: INTerleaving on page 545

5.3 How to select and create a test scenario

The overview in Table 5-1 helps you decide which scenario type is suitable for a certain
test case.
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Table 5-1: Typical test cases with their suitable scenario types

Test case Scenario type
Low-level receiver tests Single sequence
Receiver tests with IPM profiles and modulation on pulse Sequences (collection)
Receiver stress tests, where the receiver antenna is an omnidirectional Single emitter

antenna. The emitted signal follows the amplitude changes of antenna pat-

Emitters (collection)
terns and scans

Simulation of the signal at the receiver antenna output

The receiver power is normalized to maximum

Advanced receiver tests, like reception of multiple signals at the same time. Localized emitters
The received signals can be the signals of emitters also in the presence of the
background noise of many other emitters

Emitters and receiver can be moving objects

The emitter and the receiver antenna patterns and antenna scans are consid-
ered

Receiver power is calculated according to free space loss between emitter
and receiver

Receiver tests for direction finding applications Direction finding
Option:R&S PULSE-K39

Import of custom PDW list PDW list

Merging of multiple PDW lists into a single output file using a priority scheme
for dropping

Merging of multiple emitters into multiple output files using groups and a prior- | Emitters (collection)

ity-based dropping algorithm. Localized emitters

Direction finding

To create a single pulse train scenario

1. To access the scenario settings dialog, perform one of the following:

a) Select "Repository Tree > Scenario > New".
b) In the "Toolbar", select the scenario icon .

A scenario wizard opens that helps you to select a predefined scenario configura-
tion.
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EEECIaateScenariu *%
N}
N N1 ;\
+H1F =+ :
+ T —_NJ1 As
A AR\
N}
Single Sequence Seguences |Collection) Sinale Emitter

) )
mmm I}) t

)) ) ah
;») R ) ‘T'T')

Emitters (Collection) Localized Emitters Direction Finding

%U\.I’L

PDW List

Single Sequence scenario is used to create sequences from individual
pulses.Pulse parameters include the pulse envelope, modulation on pulse
(MOFP], carrier frequency, and level. The sequence editor defines the order in
which the pulses are generated and also adds control elements such as loops
and fillers. Inter pulse modulation profiles can be applied to vary pulse
parameters.

Create Cancel

2. Select "Scenario Type > Single Sequence”.
Confirm with "Create"

Created is a new scenario with default name Scenario <n>, where n is a number
starting at one.

The provided settings depend on the selected scenario type.

See Chapter 5.2, "Scenario settings", on page 74 for description.

3. Add information to describe and identify the scenario, like a name or a comment.
Use the standard functions in the context menus to select or create sequences,
select the destination, etc.

See Table 2-4.

Perform further configurations, see:
e Chapter 7.3, "How to create sequences and use the control elements”,
on page 131

User Manual 1179.3873.02 — 06 92



R&S®PPULSE-K32/-K39 Creating a pulse library

6

6.1

6.2

6.2.1

Pulse settings

Creating a pulse library

This section provides background information on pulse generation and pulse charac-
teristics, explains the provided settings and how to use them to create a pulse library.

e Basics on pulse signals and pulse generation...........cccccoeeeeeeeiev e 93
@ PUISE SEHINGS. .o i ——————————— 93
e How to create a new pulse and adjust its settings..........ccceee e, 116

Basics on pulse signals and pulse generation

Some background knowledge on basic terms and principles used in pulse generation
is provided here for a better understanding of the required configuration settings.

The pulse parameters to be configured are based primarily on the IEEE 181 Standard
181-2003. For detailed descriptions refer to the standard documentation ("IEEE Stan-
dard on Transitions, Pulses, and Related Waveforms", from the IEEE Instrumentation
and Measurement (I&M) Society, 7 July 2003).

Pulse settings

Access:
> Select "Repository Tree > Pulse > New".

Pulses are characterized by the following settings:

o Pulse name and COMMENT........ooiiiiiiie e e 93
o  Pulse timing SetiNgS.....cooiiii i —————— 94
e Modulation on pulse (MOP) Settings.......cccviiiiiiiiiiiicccccre e, 96
e Envelope and modulation graphs..........ooeeiiiiiii e 112

Pulse name and comment

Ji- = Pulse: My_TestScenarios -» My_AM-Test_Pulse

My_AM-Test_Pulse

Timing MOP  Marker Comment

Pulse Shape
Rising Edge 100 us
Width 500 us

Falling Edge 100 us
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Creating a pulse library

Pulse settings

Settings:
PUISE NAMB.... ettt e et et e et e et e et s s s e et e ebseanseennaes 94
(07010 2102 T=T0 | #0 94

Pulse Name
Displays the name of the current pulse.

Remote command:
PULSe:CREate on page 426
PULSe :NAME on page 427
PULSe:CATalog? on page 426
PULSe:SELect on page 426
PULSe : REMove on page 428

Comment
General pulse information.

Remote command:
PULSe:COMMent on page 428

Pulse timing settings

Access:

» Select "Pulse > Timing".

Timng| MOF  Marker  Comeent e M
ming [dpe | 10wk i |

gt | 500 Rt

! St Tavieg |Viage _E

n/u g Edpe | 100

Figure 6-1: Pulse timing: understanding the displayed information
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Pulse settings

N

"Show Timing > On" indicates the pulse timing parameters on the envelope graph

2 = "Pulse Envelope Units > Voltage"

3 = Time period between end of pulse and the end of falling edge = 62.5 us, i.e. the time it takes the
voltage to fall from 50% to 0% of the top level

4, 6 = "Falling Edge = 100 us", i.e. the time it takes the voltage to fall from 90% to 10% of the top level

5 = Beginning of the rising and falling edge

7 = "Width = 500 us", i.e. the duration the voltage is above 50% of the top level

8, 9 = "Rising Edge = 100 us", i.e. the time it takes the voltage to rise from 10% to 90% of the top level

10 = "Time period between beginning of the rising edge and pulse start = 62.5 us". l.e. the time it takes
the voltage to rise from 0% to 50% of the top level

Settings:

Use the following parameters to define the pulse in the time domain:

Pulse Shape SettiNgs..... ..o 95
Time period between beginning of rising edge and pulse start / Time period between
end of pulse and end of falling €dge.......cuuviiiieiiii i 95

Pulse Shape Settings

These parameters define the pulse shape:

® Rising/Falling edge

® \Width

® Rising/Falling slope

The current pulse shape is displayed on the Envelope graph. To visualize the timing
parameters on the graph, select "Envelope > Show Timing > On".

The total pulse duration and the pulse off time are calculated automatically from the
selected pulse width, rise and fall time, and the PRI (see PRI/PRF).
"Rising/Falling Edge"

Transition time of the rising/falling edge.

Remote command:

PULSe:TIME:RISE on page 520

PULSe:TIME:FALL on page 520

"Width" Pulse duration.

Remote command:
PULSe:TIME:WIDTh on page 520

Time period between beginning of rising edge and pulse start / Time period
between end of pulse and end of falling edge

Display information on the time periods during which the RF power is attenuated or
suppressed but per default there is modulation or data content present.

Note: Avoiding data truncation.
Per default, modulation is already present during the rising and falling phases.
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Pulse settings
6.2.3 Modulation on pulse (MOP) settings

Access:
1. Select "Pulse > MOP".
2. Select "Enable Modulation on Pulse (MOP)".

My_TestPulse

Timing | MOP Marker Comment

Modulation on Pulse

B—cnavie v
B—Cnmment
E}—mor1ype AM

Type LSB+ USE "
Frequency | 100 kHz

Mod. Depth | 80%

Figure 6-2: MOP settings: understanding the displayed information

N

= Enables pulse signal modulation

2 = "Comment"

3 = "MOP Type" selects the modulation scheme

4 = Modulation parameters, depending on the selected "MOP Type"

Further available settings depend on the selected modulation.

® AM and ASK modulation
® FM and FSK modulation
® Chirp modulation

® Phase modulation

® \ector modulation

® Noise

6.2.3.1 Common MOP parameters

Enable
Enables/disables that the pulse signal is modulated. If the MOP is disabled, the soft-
ware generates an envelope signal based on the pulse level and timing parameters.

Remote command:
PULSe:MOP:ENABle on page 516
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6.2.3.2

Pulse settings

Comment
Optional description.

Remote command:
PULSe :MOP:COMMent on page 428

MOP Type
Selects a modulation scheme.

Further available settings depend on the selected modulation.

Remote command:
PULSe:MOP:TYPE on page 517

AM and ASK modulation

The amplitude modulation (AM) and amplitude shift key modulation (ASK) are modula-
tion schemes that vary the amplitude of the signal.

Settings:

A TSP PRSPPI 97
LY S (= o F PR 98
N 1 PR SR 98
AM

Enables an AM with a single tone.

My_TestPulse

Timing MOP Marker Comment

Modulation on Pulse
Enable v

Comment

MOP Type AM

Type |LSB +USB b4
Frequency 100 kHz

Mod, Depth | 80 %

"Type" Modulation method, like a double-sideband ("Standard"), a low side-
band ("LSB"), an upper sideband ("USB"), or a double sideband with
suppressed carrier ("LSB+USB") amplitude modulation.

"Frequency" Modulation frequency.

"Mod. Depth"
Depth of the modulation signal in percent, i.e. the peak change in the
RF amplitude from its unmodulated value to the amplitude of the
unmodulated carrier.
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Pulse settings

Remote command:

PULSe:MOP:AM: TYPE on page 510
PULSe:MOP:AM: FREQuency on page 510
PULSe:MOP:AM:MDEPth on page 510

AM Step
Defines a modulation as a sequence of discrete states (table rows), each described
with its "Duration" and "Level".

Use the standard "Append", "Remove Last", or "Delete All" functions to add or remove
a row. The provided settings are self-explanatory.

My_TestPulse

Timing = MOP Marker Comment

Modulation on Pulse

Enable
Comment
MOP Type AM Step
= BB @ c-
No Duration Level

1 100 us 10 dB
2 200 us 5dB
3 100 us -10 dB

Figure 6-3: MOP Type > AM Step: understanding the displayed information (Pulse Width = 500 us,
Restrict MOP to = Pulse Width)

1 = Three discrete states with different attenuation values and a total duration of 400 us

If the total time of the defined states is shorter than the duration of the pulse area on
which the MOP is applied, an attenuation of 0 dB is assumed for the remaining time.

Remote command:
PULSe:MOP:AMSTep: ADD on page 429
PULSe:MOP:AMSTep: COUNt? on page 430
PULSe:MOP:AMSTep: SELect on page 430
PULSe:MOP:AMSTep: INSert on page 431
PULSe:MOP:AMSTep:LEVel on page 511
PULSe:MOP:AMSTep:DURation on page 511
PULSe:MOP:AMSTep:CLEar on page 433
PULSe:MOP:AMSTep:DELete on page 432

ASK

Enables an ASK where the amplitude of the RF carrier is attenuated for a symbol value
of zero and remains at full level for symbol values of one. The level of attenuation is
specified as depth in percent.
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6.2.3.3

Pulse settings

My_TestPulse
Timing | MOP Marker Comment
Modulation on Pulse
Enable v
Comment
MOP Type ASK
Meod. Depth 90 %

Symbol Rate 500 kHz

Inverted

"Mod. Depth"
Depth of the modulation signal in percent.
m = (Amplitude,,,,-Amplitude,;,) / (Amplitude,,.,+*Amplitude,,;,)

"Symbol Rate" Symbol rate of the modulating signal.

"Inverted" Inverts the amplitude-shift keying (ASK) modulation.
Meaning the RF carrier is attenuated for a symbol value of one.

Remote command:
PULSe:MOP:ASK:MDEPth on page 512
PULSe:MOP:ASK:INVert on page 511
PULSe:MOP:ASK: SRATe on page 512

FM and FSK modulation

The frequency modulation (FM) and frequency shift keying (FSK) modulation are mod-
ulation schemes that vary the frequency of the signal.

Settings:
PP 99
Y ] (=Y o J R 100
FSK, 4FSK, 8FSK, 16FSK, 32FSK, B4FSK......iiiiiiieiiieeeer e 101
YT S 101
FM

Enables an FM with a single tone.
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Pulse settings

My_TestPulse
Timing | MOP Marker Comment
Modulation on Pulse
Enable v
Comment
MOP Type Fm
Frequency 10 kHz

Deviation 100 kHz

"Frequency" Modulation frequency
"Deviation" FM frequency deviation

Remote command:
PULSe:MOP:FM: FREQuency on page 517
PULSe:MOP:FM:DEViation on page 517

FM Step

The FM step modulation is a common pulse compression technique. It defines a modu-
lation as a sequence of discrete states (table rows), each described with its "Duration"
and "Frequency".

Use the standard "Append", "Remove Last", or "Delete All" functions to add or remove
a row. The provided settings are self-explanatory.

Example: Sequence composed of four pulses with "MOP = FM Step”

® Configure an FM step with fg, = -50 MHz, f.,q = 50 MHz, Step = 25 MHz, #Steps
=5.

My_TestPulse
Timing | MOP  Marker Comment

Modulation on Pulse

Enable v
Comment
MOP Type FM Step
= B T C-
-~
No Duration Frequency
1 25 us 50 MHz
2 25 us -25 MHz
3 25 us 0 Hz
~

® Build a sequence and use the "Signal Preview" dialog to visualize the signal.

Remote command:
PULSe:MOP:FMSTep:ADD on page 429
PULSe:MOP:FMSTep:COUNt? on page 430
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Pulse settings

PULSe:MOP:FMSTep: SELect on page 430
PULSe:MOP:FMSTep: INSert on page 432
PULSe:MOP:FMSTep: FREQuency on page 511
PULSe:MOP:FMSTep:DURation on page 511
PULSe:MOP:FMSTep:CLEar on page 433
PULSe:MOP:FMSTep:DELete on page 432

FSK, 4FSK, 8FSK, 16FSK, 32FSK, 64FSK
Enables an FSK. High symbols set the frequency to "+Deviation" and low symbols to
"—Deviation".

My_TestPulse
Timing = MOP Marker Comment

Modulation on Pulse

Enable v
Comment
MOP Type FSK
Type |2-F5K e

Symbol Rate 100 kHz

Deviation 10 kHz

Inverted
"Type" Selects the FSK modulation type.
"Symbol Rate" Symbol rate of the modulating signal.
"Deviation" FSK frequency deviation
"Inverted" Inverts the FSK modulation.

Remote command:

PULSe:MOP:FSK:TYPE on page 515
PULSe:MOP:FSK:DEViation on page 517
PULSe:MOP:FSK:SRATe on page 518
PULSe:MOP:FSK:INVert on page 511
PULSe:MOP:4FSK:DEViation on page 517
PULSe:MOP:4FSK:SRATe on page 518
PULSe:MOP:8FSK:DEViation on page 517
PULSe:MOP:8FSK:SRATe on page 517

MSK
Enables an MSK.
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6.2.3.4

Pulse settings

My_TestPulse

Timing | MOP Marker Comment

Modulation on Pulse
Enable |v*
Comment

MOP Type MSK

Symbol Rate 1 MHz

Inverted

"Symbol Rate" Symbol rate of the modulating signal.
"Inverted" Inverts the MSK modulation.

Remote command:
PULSe :MOP:MSK: SRATe on page 512
PULSe:MOP:MSK:INVert on page 511

Chirp modulation

A chirp is a signal in which the frequency varies over the time. The chirp sweeps the
RF signal across a set frequency range.

The chirp modulation scheme is used for pulse compression.

Settings:

I == T O o1 o T PP 102
Piecewise Linear ChilD........coii oo e e e e e e e e e e e e e e 103
L0153 o] o T O 1 o o J USSR 104
(o)) aTe] o ¢ TF= 1 @1 o1y o PP PUPPPUPPPRPN 106
Linear Chirp

The linear chirp varies the frequency linearly over time.

My_TestPulse
Timing = MOP Marker Comment
Modulation on Pulse
Enable [
Comment
MOP Type Linear Chirp
Type |Up v
Deviation (+/-) 10 MHz

Total Deviation 20 MHz
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Pulse settings

"Type" Defines the frequency variation:
® Linearly increasing ("Up")
® Linearly decreasing ("Down")
® Following a full sine wave ("Sine")
® Ascending and then descending ("Triangular")

"Deviation" Chirp deviation.
The "Total Deviation" value updates automatically if you change the
"Deviation".

Remote command:
PULSe:MOP:CHIRp:TYPE on page 514
PULSe:MOP:CHIRp:DEViation on page 514

Piecewise Linear Chirp
Define the chirp as a sequence of chirp intervals with user-definable length and fre-
quency deviation.

2 a H
Timing Level | MOP MOP Range Marker Comment Envainpy
50,000 Mz G, Freguency
Modulation on Pulse X 1

Enable

Comment

MOP Type Piecewise Linear Chirp
— — oy o &
= BRE @ C- — v
k A -
No Duration Rate fus Offset k4

200 kHz OHz

1 5%
2 0% 600 kHz 10 MHz
3 ﬁ 25% 400 kHz -10 Mi

Figure 6-4: Piecewise Linear Chirp: understanding the displayed information

= Offset = 0 Hz; the start chirp frequency is 0 Hz
, 3,4 = Three chirp intervals with total duration of 70% of the whole time of which the MOP is applied”
= In the remaining 30% of the chirp time, the frequency is kept constant
= Negative offset; the start chirp frequency in the third interval is -10 MHz
= Positive offset; the start chirp frequency in the second interval is 10 MHz
= Theoretical example, in practice you rather vary the frequency during the whole time

*F N OO -

"Duration” Set the length of each chirp interval as a percentage of the whole
duration to which the MOP is applied.
For example, if a pulse width of 100 us and rising/falling edge of 0 us
is used and the MOP is applied without restrictions, the whole dura-
tion is 100 us.
If the sum of all intervals is less than 100%, constant frequency is
used in the remaining part.
If the sum of the defined intervals exceeds 100%, the parts outside
the 100% are ignored.

Remote command:
PULSe:MOP:PIECewise:DURation on page 515
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Pulse settings

"Rate/ps" Set the chirp rate in Hz/ps.

Example:

If the MOP is applied on 100 us and a chirp with "Rate = 400 KHz/us"
is applied for 25 us ([Duration = 25%]), then the frequency deviation
during this interval is 10 MHz.

Remote command:
PULSe:MOP:PIECewise:RATE on page 515

"Offset" Offsets the start frequency of the chirp in the selected interval. Mean-
ing within the interval, the chirp is shifted with the defined value.

Remote command:
PULSe:MOP:PIECewise:OFFSet on page 515

Remote command:

PULSe:MOP:PIECewise:ADD on page 429
PULSe:MOP:PIECewise:COUNt? on page 430
PULSe:MOP:PIECewise:INSert on page 432
PULSe:MOP:PIECewise:CLEar on page 433
PULSe:MOP:PIECewise:DELete on page 432
PULSe:MOP:PIECewise:SELect on page 430
PULSe:MOP:PIECewise:DURation on page 515
PULSe:MOP:PIECewise:RATE on page 515
PULSe:MOP:PIECewise:OFFSet on page 515

Custom Chirp

The custom chirp modulation is defined as a sequence of discrete "Frequency" stages.
The duration of each stage depends on the pulse duration to which the MOP is applied
and the number of defined frequency stages.
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My_TestPulse

Timing = MOP

Marker Comment

Modulation on Pulse

Enable
Comment

MOP Type

S

Mo

"New/Select,
Append, Insert,
Delete, Clear"

W
Custom Chirp
m C-
.A.
Frequency

10 MHz

5 MHz

-10 MHz
e

Icons that access standard functions, like add or delete row (see also
Table 2-4).

Use the functions in the context-sensitive menu to append new item
or reorder the existing item.

"Import data from file"

User Manual 1179.3873.02 — 06

Standard file management function to load a custom chirp from and
as an ASCII file with * . txt or * . csv file extension.

When a file is loaded, the "Data Import" dialog assists you to select
the used delimiter and separator to interpret the file content.

= Import to custom chirp MOP A _AOX
File |C:/Rohde-Schwarzfcustom chirp. csv =
Column Delimiter  |; FirstRow |1
Decmal Marker |, LastRow | 3
1000 Separator | MNone First Column | 1
Last Column |1 o
Preview
~
1 10000000
2 5000000
3 | -100000000
el
Import Data
Y4

The provided settings are self-explanatory.
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Remote command:

PULSe:MOP:CCHirp:ADD on page 429
PULSe:MOP:CCHirp:INSert on page 432
PULSe :MOP:CCHirp:COUNt? on page 430
PULSe:MOP:CCHirp:SELect on page 430
PULSe:MOP:CCHirp:FREQuency on page 516
PULSe:MOP:CCHirp:DELete on page 432
PULSe:MOP:CCHirp:CLEar on page 433

Polynomial Chirp
Define the chirp as a polynomial with one or more "Term"/"Coefficient”" value pairs.

The instantaneous frequency versus time f(t) is calculated according to the equation:
fit) = 2 (a,*t"), where:

® n=1. 32isthe term
® a,=—10%to 10?2 are the coefficients.

My_TestPulse

Timing | MOP  Marker Comment

Modulation on Pulse

Enable
Comment
MOP Type Polynomial Chirp
= BERE @ C-
No Term Coefficient
. 0 3w g
2 2 250000 G 5 2 |

Figure 6-5: Polynomial Chirp: understanding the displayed information

1 = Coefficient a; = 3e6 = 3 MHz

2 = Coefficient a, = 2.5e14

3 = Firsttermn =0

4 = Second term n = 2 (the coefficient a, is not used)

The polynomial chirp defined with the settings on Figure 6-5 is:
f(t) = ap + a,"t? = 3e6 + 2.5e14*t2.

Remote command:

PULSe:MOP:PCHirp:ADD on page 429
PULSe:MOP:PCHirp:COUNt? on page 430
PULSe:MOP:PCHirp:SELect on page 430
PULSe:MOP:PCHirp: INSert on page 432
PULSe:MOP:PCHirp:TERM on page 518
PULSe:MOP:PCHirp:COEFficient on page 518
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PULSe:MOP:PCHirp:CLEar on page 433
PULSe:MOP:PCHirp:DELete on page 432

6.2.3.5 Phase modulation

Provided are the following phase modulation technics:

BalK ... e e e e e e e e e e e e e e e e e e e e e aaaa i —————— 107
POIY PRASE...... oot e e e e e 108
(O1UE] (o] 4 g T d =11 TSRO PR SRR 109
= RSP 109
L0 ] PO P PPUPPPPRP 110
P S K ettt e e e e e e e ee e et e e e e e e e e nrerreeeaaaaaas 111
Barker
Phase modulation with Barker codes results in signals with low autocorrelation proper-
ties.

My_TestPulse

Timing | MOP Marker Comment
Modulation on Pulse

Enable v

Comment

MOP Type Barker

Code |R13 hd
Blank signal during transition

Transition 20%

Barker codes are used for pulse compression and are defined by:

"Code" A Barker code is a finite sequence of N values of +1 and -1; R13, for
example, is the "+1+1+1+1+1-1-1+1+1-1+1-1+1" sequence.

"Blank signal during transition"
If "Transition > 0%", blanks out the signal during the transition time.
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"Transition" Sets the transition duration for constant envelope operation.
A "Transition = 0%" is the border case, where the change for +1 to -1
or conversely is performed immediately. The transition skips
(switches back and forth on a direct line) between the constellation
points.
With a "Transition > 0%", the two constellation points are still exactly
opposite, but the transition follows a circular arc. The values on the
transition curve are uniformly distributed.
Observe the effect of a "Transition > 0%" on the modulation envelope,
the displayed spectrum, and on the 1/Q constellation diagram. The
greater the value, the slower the transition, the longer the transition
time.

"Transition = 0%" "Transition = 20%"

10 dB/div Q 10 dB/dw

M/\WN. L 1

Remote command:

PULSe:MOP:BARKer: CODE on page 512
PULSe:MOP:BARKer : TTIMe on page 512
PULSe:MOP:BARKer : BLANk on page 513

Poly Phase
A polyphase code modulation is suitable for pulse compression and is used in low
probability of intercept (LPI) radars.

My_TestPulse
Timing = MOP Marker Comment

Modulation on Pulse

Enable |+
Comment
MOP Type Poly Phase
Type |Frank W

Length M 10

"Type" Selection of polyphase compression codes: the default Frank code,
and four modified versions of the Frank code, the P1, P2, P3 and P4
codes.

"Length M" Sets the code order, i.e. the number of elements.
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Remote command:
PULSe:MOP:POLY : TYPE on page 519
PULSe:MOP:POLY : LENGth on page 519

Custom Phase
Defines a sequence of phase values. The phase changes are distributed evenly.

Use the standard "Append", "Remove Last", or "Delete All" functions to add or remove
a row. The provided settings are self-explanatory.
My_TestPulse

Timing = MOP Marker Comment

Modulation on Pulse

Enable v
Comment
MOP Type Custom Phase
= BER @D C-
-~
No Value
4 0 deg
5 -135 deg
& 135 deg
~

Remote command:
PULSe:MOP:PLISt:ADD on page 429
PULSe:MOP:PLISt :COUNt? on page 430
PULSe:MOP:PLISt:SELect on page 430
PULSe:MOP:PLISt:INSert on page 432
PULSe:MOP:PLISt:VALue on page 518
PULSe:MOP:PLISt:CLEar on page 433
PULSe:MOP:PLISt:DELete on page 432

BPSK

A binary phase shift keying (BPSK) modulation applies a phase shift with a selected
offset ("Phase") at each constellation point.
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My_TestPulse
Timing = MOP Marker Comment
Modulation on Pulse
Enable v
Comment
MOP Type BPSK
Type |Standard b
Symbol Rate v Auto fit bits into pulse width

10 kHz

Phase 90 °
Transition |Linear W
5%
"Type" Selects the BPSK modulation method, like a standard BPSK modula-

tion or a BPSK modulation with a constant envelope (C-BPSK).

"Symbol Rate" Symbol rate of the modulating signal, user defined or automatically
estimated.

"Phase" Phase shift between the constellation point.

"Transition"
These parameters are important, when a BPSK modulation with a
constant envelope is used.
A "Transition = 0%" is a border case, where the change between two
constellation points is performed immediately. The transition skips
(switches back and forth on a direct line) between the constellation
points.
The greater the value, the slower the transition. With a "Transition
> 0%", the two constellation points are still exactly opposite, but the
transition follows a circular arc.

Remote command:

PULSe:MOP:BPSK:TYPE on page 514
PULSe:MOP:BPSK:SRATe on page 513
PULSe:MOP:BPSK:SRATe : AUTO on page 513
PULSe:MOP:BPSK:PHASe on page 513
PULSe:MOP:BPSK:TTYPe on page 514
PULSe:MOP:BPSK:TTIMe on page 514

QPSK

A quadrature phase shift keying (QPSK) modulation applies a phase shift at each con-
stellation point.
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My_TestPulse

Timing | MOP  Marker Comment

Modulation on Pulse
Enable |v*
Comment

MOP Type QPSK

Type |Standard

Symbol Rate 100 kHz

"Type" Selects the QPSK modulation method.

e "Standard"
A regular QPSK modulation.

® "OQPSK, DQPSK"
An offset QPSK ("OQPSK"), or a differential QPSK "DQPSK"
modulation.

® "SOQPSK-A, SOQPSK-B, SOQPSK-TG"
Three variants of the shaped-offset QPSK ("SOQPSK") modula-
tion.
For the aeronautical telemetry "SOQPSK-TG" modulation, you
can enable differential encoding according to the telemetry stan-
dard IRIG 106-04.

Remote command:
PULSe:MOP:QPSK:TYPE on page 519
PULSe:MOP:QPSK:SOQPsk: TRIG on page 519

"Symbol Rate"
Symbol rate of the modulating signal.
Remote command:
PULSe:MOP:QPSK:SRATe on page 519
8PSK

An 8 phased shift keying modulation applies a phase shift at each constellation point.

"Symbol Rate"
Symbol rate of the modulating signal.

Remote command:
PULSe:MOP:8PSK:SRATe on page 517

Vector modulation

Provided are the following QAM modulations:
16QAM, 32QAM, 64QAM, 128QAM, 256QAM........cciiiee e 111
16QAM, 32QAM, 64QAM, 128QAM, 256QAM

A quadrature amplitude modulation QAM applies an amplitude shift at each constella-
tion point.
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6.2.3.7

6.2.4

Pulse settings

My_TestPulse

Timing | MOP Marker Comment

Modulation on Pulse
Enable |+
Comment

MOP Type QAM

Type |16 QAM e

Symbol Rate 1 MHz

"Type" Selects the QAM type.

"Symbol Rate"
Symbol rate of the modulating signal.

Remote command:
PULSe:MOP:QAM: TYPE on page 516
PULSe:MOP:QAM: SRATe on page 518

Noise

Generates an AWGN noise signal with selected "Bandwidth".

The noise is superimposed during all pulse phases.

MOP Type Moise

Bandwidth 1 MHz

Remote command:

PULSe:MOP:NOISe:BWIDth on page 518

Envelope and modulation graphs

N VZ=Y (o o= = T o) o SRR 112
ModUIatIoN Graph......ceeeeee e 113
L Time domain diSPlay..........ceeeeveeeveerreereeeeeeteseeeeseseeseeeeesesesessseesesessesssssesnaes 114
L FFT Preview SEtiNgS.......ovoeeieeeeeeeeeeee ettt ee s 115
L 1/Q constellation diagram..........c.ccceveueeeieeeeeeeeeeese e ees e eee e ees e ee e ee e 115
L SPECIIUM. ..ottt et ee e e e e e e eeeneeee 115

Envelope graph
Displays the current pulse shape depending on the following:

® The Pulse Shape Settings settings
For example, see the envelope graph on Figure 6-1.
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Set "Show Timing > On" to visualize the pulse width, rise and fall time
on the graph.

This visualization is useful if you are not familiar with the definition of
the pulse parameters.

"Normalized Pulse Envelope > Pulse envelope unit"

Changes the used units.

The options "Voltage", "Watt" and three logarithmic scales with differ-
ent resolution ("10 dB/Div", "5 dB/Div" and "1 dB/Div") are available.
To display the effect of large overshoots or ripples for example, use
the "5 dB/Div" or "1 dB/Div" scale.

"Temporary delta information”

Drag the mouse cursor on the graph.
The delta information is displayed temporarily above the line.

Example: Measuring the pulse width with the help of delta
marker

| i A: 505.057 i i
| 477.191mV ! T Ve | 475.224mV !

- P =

1 = Start y value [units depending on the selected "Pulse Envelope Units"]

2 = Delta information: upper value is the Ax [s], lower value is the A y [units depending
on the selected "Pulse Envelope Units"]

3 = End y value [units depending on the selected "Pulse Envelope Units"]

Remote command:
PULSe: PREView:MODE on page 520

Modulation graph
The MOP is visualized on three diagrams: the time domain view, the spectrum, and the
I/Q constellation diagrams.
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_— |—II

P e B AT

T L e— ] o n

i o

Figure 6-6: Modulation graph: Understanding the displayed information (MOP Type > Polyphase
code, Type = P2, Length M = 10)

1 = Zoom in/out on the x axis; y axis zoom is supported for the frequency display
= Indicated is the "Frequency" variation

3 = Time domain view

4 = FFT preview settings

5 = 1/Q constellation diagram

6 = Spectrum

Time domain display — Modulation graph
Use the "Modulation" parameter to change the displayed modulation characteristics.

Available are:

"I/Q diagram"  Displays the | and Q signal versus time. Both signals use a linear
scale in the range between -1.0 and +1.0.

| 1]
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"Phase diagram"
Displays the phase angle of the signal versus time. The diagram
shows the phase changes in the range -1T and +1.

Phase w

Pi - 50 us/div

P2l H

-Pi

A phase change is equivalent to a rotation at a constant radius in the
constellation diagram.

"Frequency diagram"
Displays the instantaneous signal frequency versus time.

Remote command:
PULSe:PREView:MOP on page 521

FFT preview settings < Modulation graph
Displays information about the FFT preview and allows to set parameters:

"Max. Samples"
Displays the maximum value of samples possible.

"Zoom in/Zoom out"
Changes the resolution on the x and y axis.

"Clock, Samples"
Displays clock frequency and number of samples.

"Oversampling”
Sets the oversampling factor in the modulation preview.

"FFT Size" Sets the FFT size in the modulation preview.
"Envelope" Activates the envelope in the modulation preview.

1/Q constellation diagram «— Modulation graph
Displays the probability at which 1/Q points occur.

The color scale is logarithmic; the most probable points are indicated with bright yellow
color.

Spectrum «— Modulation graph

Displays the FFT spectrum. The FFT uses a logarithmic scale between 0 dB and
-100 dB.
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6.3 How to create a new pulse and adjust its settings

Pulses are the fundamental building elements of any sequence and therefore have to
be created before you can create a sequence.

See:

® "To create a pulse" on page 116

® "To define the timing parameters of a pulse" on page 116

® "To define and apply modulation on the pulses (MOP)" on page 117

® "To visualize the pulse characteristics" on page 118

To create a pulse

1. Perform one of the following:

a) Select "Repository Tree > Pulse > New".
b) In the "Sequence" dialog, select the pulse icon.

A new pulse with default settings is created and added to the repository tree.
New pulses are named Pulse <n> where nis a number starting at one.

You can add information to describe and identify the pulse, like a name or a com-
ment.

2. Change the pulse name, e.g. "P1".

A pulse is described by its timing and level parameters, applied modulation on
pulse (MOP) and enabled marker signals.

For background information on the pulse parameters, see Chapter 6.1, "Basics on
pulse signals and pulse generation", on page 93.

For description of the required settings, see:
e Chapter 6.2.2, "Pulse timing settings", on page 94
e Chapter 6.2.4, "Envelope and modulation graphs", on page 112

To define the timing parameters of a pulse
1. In the repository tree, select "Pulse > PulseName e.g. P1 > Timing".

2. Set the timing-related parameters, such as:

e Delay
e Rise/fall

3. To configure the pulse repetition interval (PRI), use the parameter PRI/PRF.
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4. Use the "Envelope" graph to visualize the current envelope profile.

Tming | WO0F Marker  Commant Emwwicpn Moo lten
Ne Shape D Puti B o e Timing Woltage _E
meng loge | 10w i | { {

wath | 80wl Fer

n/h g fdge | 10w

—nr B g

B BA o sfs

Figure 6-7: Pulse timing: understanding the displayed information

1 ="Show Timing > On" indicates the pulse timing parameters on the envelope graph
2 = "Pulse Envelope Units > Voltage"
3 = "Time period between end of pulse and the end of falling edge = 62.5 us". l.e. the time it takes

the voltage to fall from 50% to 0% of the top level
4, 6 = "Falling Edge = 100 us", i.e. the time it takes the voltage to fall from 90% to 10% of the top level
5 = Beginning of the rising and falling edge
7 = "Width =500 us", i.e. the duration the voltage is above 50% of the top level
8
1

, 9 = "Rising Edge = 100 us" i.e. the time it takes the voltage to rise from 10% to 90% of the top level
0 = "Time period between beginning of the rising edge and pulse start = 62.5 us". |l.e. the time it takes
the voltage to rise from 0% to 50% of the top level

O Per default, the pulses within a pulse sequence that is built by repeating the same
= pulse, have constant on time and PRI.

You can define IPM profiles to vary the pulse parameters on a pulse-to-pulse basis.
See Chapter 8.2, "How to create IPM profiles and vary pulse parameters",
on page 160.

To define and apply modulation on the pulses (MOP)

The "MOP" settings define the intra-pulse modulation, i.e. the modulation applied on
the pulse rise, on, and off time. The R&S Pulse Sequencer Digital provides a wide
range of commonly used modulation schemes, such as AM, FM, or Chirp. You can also
add your custom pulse content, Chapter 19, "Defining complex modulation schemes
and IPM profiles", on page 377.

To access the "MOP" settings:

1. In the repository tree, select "Pulse > PulseName > MOP".

The available modulation settings depend on the selected "MOP Type".
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See Chapter 6.2.3, "Modulation on pulse (MOP) settings", on page 96.
2. Select for example "MOP > MOP Type > Chirp > Linear Chirp".
3. Select "MOP > Enable > On".
4. Select "Timing > Rising Edge = Falling Edge = 25%".

Use the "Signal Preview" dialog to observe the effect of the enabled modulation,
see Chapter 15, "Visualizing and analyzing signals", on page 284.

To visualize the pulse characteristics

1. Use the "Envelope Graph" to display the envelope shape.
See Figure 6-1.

2. Set "Show Timing > On" to visualize the pulse width, rise and fall time on the
graph.
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/ Building pulse sequences

This section explains the sequencing principles and signal processing, like creating
loops.

7.1 About the sequencing principles

Sequences are described in table form where the rows are processed sequentially and
appended to the final simulated signal, see Figure 7-1.

Seg#1 ‘ Seg#2 I Seg#3

Seg#4 ‘

Figure 7-1: Default segments processing: One segment after the other

Each row is repeated once or as defined with the repetition count parameter (see
"Repetition" on page 124).

See also:

® "To define and enable pulse repetition" on page 132

® Chapter 7.2.2, "Pulse repetition settings", on page 125

Complex sequences can also include the following:

® |oop
A loop spans one or more rows (pulses) and processes these rows in the same
order several times. Nested loops are complex loops that span rows and loops.
The loop duration is defined by the loop repetition number. The loop repetition
number is a fixed value or a randomly selected value within a value range, defined
with its minimum, maximum and step values.
See also:

"To define and apply a loop" on page 133

— Chapter 7.2.3, "Loop settings", on page 127

® Filler
Fillers are unmodulated signals used to fill in certain period in a sequence.
Signals can be of type:
— Blank
There are two ways to set the duration of a filler: by defining the time duration to be
filled in (total duration) or by defining of a certain moment of time (time synchroni-
zation).
The filler duration can be a fixed value or defined as an equation. If the filler is con-
figured within a loop, the equation uses the loop variables.
See also:

— Chapter 7.2.4, "Fillers settings", on page 128
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7.2 Sequence settings

7.21
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Access:

» In the repository tree, select "Sequence > New".

S Seqwende: My FeitSornaries - My S2 81615042 # =
My _52_51-F1_51-F2 Phase Mode Timing Mode
Comment Atacunte - - _n
Toets prodne trakea: §1 (FlaBeffrea, LisRerLevel) | Aputie 1AM the DAALE H 44210 The
FRTIJ00my g §1 (F2e e 00 Kbz, Lied1-100H) PRI L # BEGATOE
EEEE Afnr s
o Nesting | Dlement Trpe Pube Settings | Mepetions | Seffings P Mackes | Bfreq | Olevel | Fhase pay Doy
L « Fuise -k M . #amie | P im vab [ W | 0s
Puse -k - & s 4 Poube | P o b L S o _E
3 « L - 4 o st
N « > Fuine - Fl - rd #ouc | P | soou |0 LE 15ms | 2em
5 b L hd L] - # |2 L4 #oame A w0 0 Ly S 0%
o Biock Diagram
-
= [ . | = LA
" ” w " ” 1
o H o5 M ow —] i
2.5 ma PRI S Ml 3 m Pl &0 m PR3

Figure 7-2: Sequence Settings

1 = Sequence name, comment, type, and phase and timing mode
2 = Sequence description table, where each row represents one item
3 = Interactive graphical representation of the current sequence, displayed if "Block Diagram > On"

For step-by-step descriptions, see Chapter 7.3, "How to create sequences and use
the control elements”, on page 131.

Settings:

e Sequence description SEHNGS. ... .uurriiiiiiieiie e 120
o Pulse repetition SEttNGS. .. ..uriiiii e 125
®  LOOP SEHINGS. ..ottt aaaaeaaan 127
®  Fillers SEHINGS. ... ————— 128
o Lists with multiple SEQUENCES...........oooiiiieieecccrr e 129

Sequence description settings

Sequence Name, Comment, Type, Sequence Description Table, Block Diagram...... 121
o A E= 1T 1Y/ Yo [ SRR 121
TIMING MOGE.....coeiiiiie e e e e e s e e e e e s 123
New, Insert, Append, Remove, Clear ltems, Undo/Redo.............cccoovvrmrrrrieriiinvnnnnnnnn. 123
RS T=Y =T o2 S o TSP 123
IS 1 T USSP 123

120
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=T o LY o A Y/ o TSSO 124
0 T SO 124
[T 01 111 o 1 124
S T=Y 11T TR UPRPPUPUPRN 124
SRR 124
= T PP PPPPPTTT 124
FAN = o RPN 124
AN I RS 124
=TT 125
o SV o U EPSPRNS 125
19 = - PSP 125

Sequence Name, Comment, Type, Sequence Description Table, Block Diagram
A sequence is defined with its unique name, an optional description and with informa-
tion on the sequence content, waveforms, or pulses.

A sequence is defined in table form where each row represents one item.

If enabled, an interactive block diagram displays the current sequence configuration.

® | eft-click to select the item (see "Select, No." on page 123).

® Right-click to access the context menu (see "New, Insert, Append, Remove, Clear
Items, Undo/Redo" on page 123).

® Double click an item works like the "Settings (...)" icon in the "Sequence Descrip-
tion Table" and accesses the settings of the item directly.

Remote command:
SEQuence:CREate on page 426
SEQuence:CATalog? on page 426
SEQuence: SELect on page 427
SEQuence : NAME on page 427
SEQuence: COMMent on page 428
SEQuence: TYPE on page 585
SEQuence :REMove on page 428

Phase Mode
Defines how the phase is set at each pulse start.
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"Absolute" The pulse start phase is set to a value defined in the sequence
description table (Phase) or by the IPM.

pi A | [ |

phase

\J

Figure 7-3: "Phase Mode = Absolute” and "Sequence Description (table) > Phase
=0 deg” (IPM not defined)

1 = Start phase of all pulses is 0 deg

"Continuous (Relative)"
The phase defined in the sequence description table (Phase) or by
IPM is used as a relative phase change. The phase of the last valid
sample of a pulse is held; the specified phase value is applied as a
phase offset on it.

o [

Din'z:____.-' — —» .'I

phase

s I

EH
\

Figure 7-4: "Phase Mode = Continuous (Relative)" and "Sequence Description
(table) > Phase = 0 deg” (IPM not defined)

1, 2 = With "Phase = 0 deg", the phase offset is also 0 deg. The phase of last sample
of a pulse is also the start phase of the next one
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"Memory" If there are frequency steps, the phase is set to a state as if the fre-
quency has never changed.

/ | I /
) if2 | / 'I: II | II { / 1
P | / III' II I.'I |
; | / L/ ;/ | /t

Figure 7-5: "Phase Mode = Memory" and "Sequence Description (table) > Phase
=0 deg"” (IPM not defined)

1, 2 = Alternating switching between the outputs of frequency synthesizers (two signals
in the example). At the beginning of each pulse, the phase is set to a state the
frequency would have had if it had been continuously running

Remote command:
SEQuence: PHASe :MODE on page 586

Timing Mode
Switches between time (PRI) and frequency (PRF), see PRI/PRF.

Remote command:
SEQuence: TIME : MODE on page 586

New, Insert, Append, Remove, Clear Iltems, Undo/Redo

Standard functions for items handling, see "Standard function in the context menus"
on page 33.

Select a row, for example, to delete it or to insert a row before it.

Remote command:

SEQuence: ITEM: ADD on page 429
SEQuence:ITEM:CLEar on page 433
SEQuence: ITEM: DELete on page 432

Select, No.
Select an item to perform any row-based actions.

Items are indicated by consecutive number; also used for indication in remote control.

Remote command:
SEQuence: ITEM: SELect on page 431
SEQuence: ITEM: COUNt? on page 430

Nesting
Indents table rows to include them in a loop or build parallel branches.

Remote command:
SEQuence: ITEM: INDent on page 587
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Element Type
Defines the type of content of the current item. Available are:

"Pulse" To select a pulse, use the Pulse.

"Filler" Creates dummy data, like a blank segment.
See Chapter 7.2.4, "Fillers settings", on page 128.

"Loop" Creates a loop
See Chapter 7.2.3, "Loop settings", on page 127.

Remote command:
SEQuence: ITEM: TYPE on page 592

Pulse
Lists all available pulses.

® To access the settings of an existing pulse, select "... (Settings)".
® To create a new pulse, select the icon.
See also Chapter 6, "Creating a pulse library", on page 93.

Remote command:
SEQuence: ITEM: PULSe on page 590

Repetition
Sets the number of times the item is repeated. For more complex repetition patterns,
select "... (more)".

See Chapter 7.2.2, "Pulse repetition settings", on page 125.

Remote command:
SEQuence: ITEM:REP: COUNt : FIXed on page 590
SEQuence: ITEM: LOOP: COUNt : FIXed on page 588

Settings
Accesses the "Rep: Line Item" dialog with further repetition settings.

IPM
Enables and defines an inter-pulse modulation.

See Chapter 8, "Defining and enabling inter-pulse modulation effects", on page 139.

Marker
Defines the active markers per pulse phase, see Chapter 20, "Defining and enabling
marker signals”, on page 380.

A Freq.
Enables a frequency offset relative to the reference frequency.

Frequency-dependent parameter values are defined relative to this value.
See also "To define and apply a loop" on page 133.

Remote command:
SEQuence: ITEM: FREQuency: OFFSet on page 587

A Level
Defines a level offset per row.
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A negative level offset simulates a pulse attenuation. For example, a "Level = -3 dB"
means that the pulses of the current row are processed with power level that is the half
of the power.

Level-dependent parameter values are defined relative to this value.
See also "To define and apply a loop" on page 133.

Remote command:
SEQuence: ITEM: LEVel :OFFSet on page 588

Phase
Sets a phase offset at the beginning of the row. Phase-dependent parameter values
are defined relative to this value.

For example, a "Phase = 30 deg" shifts the phase in the first pulse of the current row;
enabled modulation would further change the phase. The phase offset is not compen-
sated at the row end.

See also "Phase Mode" on page 121.

Remote command:
SEQuence: ITEM: PHASe: OFFSet on page 589

PRI/PRF
The column name changes depending on the selected Timing Mode.

Sets the pulse repetition interval (PRI), i.e. the pulse period or the pulse repetition fre-
quency (PRF).

Use the "PRI" parameter to define pulses with constant total pulse cycle duration and
enabled timing variations like jitter for example.

Remote command:
SEQuence: ITEM: PRT on page 590
SEQuence: ITEM: PRF on page 590

Delay
Enables a start delay.

A delay within an overlay shifts the start time of the overlay elements relative to each
other. Time-dependent parameter values are defined relative to this value.

See also "To define and apply a loop" on page 133.

Remote command:
SEQuence: ITEM: PDELay on page 589

7.2.2 Pulse repetition settings

Per default, a table row in the sequence description table, i.e. a pulse or a waveform, is
processed once. To repeat an item several times, enable a repetition.
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“L Rep: Line ltem 1 @
Repetitions
@ Fixed Value
Randomly Selected
Minimum 1
Maximum 10
Step 1

Auto Set by Duration

Duration 1ms

Repetition Variables
Prefix

Index 1...N <prefix=_j
Rep. Count M <prefis>_n
Start Time <prefix>_t

For a step-by-step instruction, see "To define and enable pulse repetition”
on page 132.

Repetition Number
Defines how many times a sequence item, for example a pulse or loop, is repeated.

The repetition number can be:

® A fixed value

® A randomly selected value within a value range, defined with its minimum, maxi-
mum and step values ("Randomly Selected)")

® Defined to fit in a selected duration ("Auto Set by Duration"), where the repetition
number can be rounded up or down

Remote command:

SEQuence: ITEM:REP: TYPE on page 591

SEQuence: ITEM:REP: COUNt : MINimum on page 591
SEQuence: ITEM:REP: COUNt : MAXimum on page 591
SEQuence: ITEM:REP:COUNt : STEP on page 591
SEQuence: ITEM:REP:COUNt : DURation on page 590
SEQuence: ITEM:REP: COUNt : ROUNding on page 591

Repetition Variables
You can define repetition variables that are used by the pulse calculation within one
row.

"Prefix" Indicates the repetition the variable belongs to. If empty, no variables
are used.
The variable prefix is a case-sensitive entry.

Remote command:
SEQuence:ITEM:REP:VARiable on page 592
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7.2.3 Loop settings

Per default, table rows in the sequence description table are processed sequentially.
To process a subset of pulses or waveforms several times, create a loop.

“L* Loop: Line Item 3 @

Repetitions
Fixed Value

® Randomly Selected

Minimum 2
Maximum 10

Step | 2

Loop Variables

Prefix | Sloop
Index 1...M <prefix=_i
CountM <prefix>_n

Start Time <prefix=_t

Absolute Time <prefix>_ta

For a step-by-step instruction, see "To define and apply a loop" on page 133.

Loop Repetition
The loop repetition number is a fixed value or a randomly selected value within a value
range, defined with its minimum, maximum and step values.

Remote command:

SEQuence: ITEM: LOOP: TYPE on page 589
SEQuence: ITEM: LOOP: COUNt : MINimum on page 588
SEQuence: ITEM: LOOP: COUNt : MAXimum on page 588
SEQuence: ITEM: LOOP:COUNt : STEP on page 588

Loop Variables
You can define loop variables that are used by the pulse calculation within the loop.
When you use a variable, always indicate the prefix and the extension.

"Prefix" Indicates the loop to that the variable belongs. If empty, no loop vari-
ables are used.
The variable prefix is a case-sensitive entry.

"Loop Index 1 .. N"
"<prefix>_i" indicates the current repetition number and is a value in
the range 1 .. N, where N is the repetition number.

"Loop Count N"
"<prefix>_n" indicates the repetition number, fixed or randomly
selected as defined with Loop Repetition.

"Start Time" "<prefix>_t" indicates the start time of each subsequent loop
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"Absolute Time"
"<prefix>_ta" indicates the absolute time

Remote command:
SEQuence: ITEM: LOOP:VARiable on page 589

7.2.4 Fillers settings

You can enable and add fillers.
o 3= Filler: Line Ttem 4 A 0Ox

Type

Signal  |Blank W

Mode @ Duration
Time Synchronization

Time @ Fixed
2s

Equation

Filler Variables

Time within Seq. t
Absolute Time ta
Random [0...1] rnd
7
Signal
Selects the type of signal to be generated for filling in the dummy segment.
"Blank" A blank segment with the selected duration is appended to the
sequence.

Remote command:
SEQuence: ITEM: FILLer: SIGNal on page 586

Mode
Filling segments are commonly used for synchronization purposes. This parameter
defines the way the filler duration is determined:

"Duration” Enables a dummy signal for a given period of time.

"Time Synchronization"
In this mode, signal data is generated up to the defined point in time.
If the selected time has already elapsed, an error is generated and
the calculation is stopped.
Use this mode if a signal has to start at a defined point in time and
the length of the previous signals vary or is not known.

Remote command:
SEQuence: ITEM: FILLer : MODE on page 586
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Time

Defines the timing of the filler.

"Fixed" Uses a fixed time

"Equation” Defines the time point as an equation.

Remote command:

SEQuence: ITEM: FILLer : TIME on page 586
SEQuence: ITEM: FILLer: TIME: FIXed on page 587
SEQuence:ITEM: FILLer : TIME : EQUation on page 587

7.2.5 Lists with multiple sequences

Access:

1. In a"Sequences (Collection)" scenario, select "Sequences > Edit".

EEE = Sequences (Collection): My_TestS5cenarios -= My_PT_Collection )? O x

Collection of Sequences

Variable Prefix

Index 1...M zprefixs_i

= B B T  + searchAliases

No Alias Name Sequence Edit
o PT My_S1_PT - &
2 F-Hops My_PT_PRI-Stage ' 4

Switching between multiple sequences is possible in the pulse train sequential sce-
nario.

2. Select "Edit > ..." to access the properties of the individual sequence.
See Chapter 7.2, "Sequence settings", on page 120.

V2= 1= o] L= N 129
IS o) BT o [ =T g o= SRR 130
L AIBS NAME.......vcvcececeeceeeee ettt s ettt e s e et teseansn e e, 130
L S EQUENCE. ...ttt et ettt e 130
L Bttt ettt ettt s e e e s et tennas 130
Variables

You can define collection variables and use them, e.g., in the formula editors, in the
reports, etc.
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"Prefix" Indicates the sequence to that the variable belongs. If empty, no vari-
ables are used.
The variable prefix is a case-sensitive entry.

"Index 1 .. N"
"<prefix>_|" indicates the current number and is a value in the range
1to N.
Enter the <prefix> only; the extension I is appended automati-
cally.

"Count N"

"<prefix>_n" is the number of variables.
Enter the <prefix> only; the extension I is appended automati-
cally.

Remote command:
SCENario:CSEQuence:VARiable on page 557

List of sequences
Displays a list of sequences.

To add a sequence, select the "Data Source" icon and select "Insert After".
To reorder sequences (items in the list), use the "Up/Down" functions.

Use the standard "Append”, "Remove Last", "Delete All" or "Copy and append” func-
tions to add or remove a sequence. The provided settings are self-explanatory.

Remote command:
SCENario:CSEQuence:ADD on page 429
SCENario:CSEQuence:SELect on page 430
SCENario:CSEQuence:CURRent on page 548
SCENario:CSEQuence:CLEar on page 433
SCENario:CSEQuence:DELete on page 432

Alias Name « List of sequences
Enters a name.

Remote command:
SCENario:CSEQuence:ALTas on page 548

Sequence « List of sequences
Select a sequence from the list of available sequences.

Remote command:
SCENario:CSEQuence on page 556

Edit — List of sequences

Opens the "Sequence" dialog for the selected sequence, see Chapter 7.2, "Sequence
settings”, on page 120.
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7.3 How to create sequences and use the control ele-
ments

See:

® "To create a simple sequence" on page 131

® "To define and enable pulse repetition" on page 132

® "To define and apply a loop" on page 133

® "To create a scenario with several pulse train sequences" on page 135

To create a simple sequence

This example explains how to create a simple sequence with two pulses, P1 and P2.

L

<«Rep «FPRE>

We assume that the required pulses have been created, see Chapter 6.3, "How to cre-
ate a new pulse and adjust its settings", on page 116.

1. In the repository tree, select "Sequence > New".
2. Inthe "Sequence" dialog, enter a "Name" and a "Comment", e.g. My S1 PT.

3. For each sequence item, perform the following steps:

a) Select the "Append New Item" icon.

b) In the "Sequence Description" table, select "Type > Pulse". Select an existing
pulse, e.g. "Pulse > P1".

c) If the list is empty, select the pulse icon to create a pulse first.

d) See Chapter 6.3, "How to create a new pulse and adjust its settings",
on page 116

e) Setthe PRIp4, €.9. "PRI =2.5 ms".
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4. Enable "Show Block Diagram".

EEGE AFNS av T

Mo Nesting Elemem Type Pulse Wavelorm Semings  Repetiors | Semings L Marker & Freg 4 Level Phase L) Delay
E_ . Petse o - 2 |1 2 Awe S om om | 13m0
: .o - # Y R T R T P P sma |04

: Pulse | 5 Pule
L]

- i
s s
15 ms PRI | KD PRI

1 = Pulse with different PRIs, i.e items with different duration
2 = Sequence with two items

The items are processed once and one after the other (see also Figure 7-1). You
can change the default processing, see:

e "To define and enable pulse repetition" on page 132

e "To define and apply a loop" on page 133

To define and enable pulse repetition

This example explains how to repeat pulses several times, for example to configure a
pulse sequence as illustrated on Figure 7-6.

f
f,l P1__P1 P2 | P2 P2
<PRE><PRe><—PRE—> < PR t
Figure 7-6: Example of pulse sequence composed of 2xP1 and 3xP2, where the pulses use different
PRIs
PRI = 2.5 ms

PRIp; = 5ms

We assume that a sequence with two items has been created, see "To create a simple
sequence" on page 131.

1. Open this sequence.
2. In the "Sequence Description" table, for the first pulse, select "Rep. Count = 2"
3. For the second item, set "Rep. Count = 3".

No Nesting | Element Type Pulse Waveform Settings | Repetitions | Settings 1PM Marker | Afreq | Alevel | Phase PRI Delay
LB < > Pulse ~ P - & 2 e #satic | #1253 0k 048 0* 25ms | Os

2 < > Pulse ] - & 3 e & satic | #1253 0k 0d8 0* 5ms 0s
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The pulse sequence S1 consists of 5 pulses and has a PRIg; = 20 ms.

O Use the"Signal Preview" display to visualize the result, see Chapter 15.1, "Signal pre-
= view settings", on page 284.

To define and apply a loop

This example explains how to create a loop with pulses and to repeat it several times,
for example to configure a pulse sequence as illustrated on Figure 7-7.

fa

L7 P1__P1__P2 P2 P2 P1
t

fP1__P1 P2 P2 P2 v

%%)4%»4—%—»4—%»+PR@—N@MFRH»*M%—»<—%»+%—N t‘;

|
| delay
1 PRI5-| Pt PR'S; >

Figure 7-7: Example of pulse sequence composed of two subsequences, ST and S2

S1, S2 = Both sequences follow the same pulse pattern (2xP1 and 3xP2)
PRIg; = PRIg, + "Delay"
f, = f; + "AFreq"

We assume that a sequence with four items has been created, as shown on the follow-

ing figure.

*I = Sequence: My_TestScenarios -> My_S2_S1-F1_S1-F2 #_Ox
My_S2_S1-F1_S1-F2 Phase Mode Timing Mode
Comment Absolute ¥ | |PRI hd

two pulse trains: 51 (F1=RefFreq, L1=Reflevel) At pulse start the phase is set to the  Switch between time (PRI)

PRI1=200ms und 51 (F2=F1¢500 KHz, L2=L1-10a8) PRI value defined in the sequence orby  and frequency (PRF)
z ’ the IPM
= -~

S BER @ AN a v +

No Nesting | Element Type Pulse Settings | Repetitions | Settings 1PV Marker | BFreq | Alevel  Phase PRI Delay
LB Pulse g} - # 2 4 #satic | #3. onz 0dB 0* 25ms | 0s
2 < > Pulse - P2 - & 3 z Y d & static #3. | ouz 0cB 0 5ms 0s
3 < > Pulse ~ Pl - & 2 Y 4 #satic | #1230 s00kHz | 10dB 0" 25ms | 2ms
a Pulse - P2 - Y4 3 : 4 & static & 1231 S500kHz | -10dB 0° 5ms 0s
/| Block Disgram
va
1: Pulse 2: Pulse 3: Pulse 4: Pulse
o e T o P |
2.5ms PRI 5.0ms PRI 2.5ms PRI 5.0ms PRI

1. In the "Sequence Description" table:
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a) Select the third item. Select "Insert Item Before Selection"
b) Select "Element Type > Loop"
c) Selectthe "... (more)" icon and enable a random loop repetition.

“¥ Loop: Line Item 3 @
Repetitions
Fixed Value
® Randomly Selected

Tirirmuim 2
Maximum 10

Step | 2

Loop Variables
Prefic | Sloop

Index 1...M <prefixs_i
CountM <prefix=_n
Start Time <prefix=_t
Absolute Time <prefixs>_ta

The loop is repeated 2, 4, 6, 8 or 10 times.
d) To include the last two items (Line items 3 and 5) in the loop, select the
"Increase indentation level >" icon.

=1 = Sequence: My_TestScenarios -> My_S2_S1-F1_S1-F2 & _COx
My_S2_S1-F1_S1-F2 Phase Mode Timing Mede
Comment Absolute ~| PRI hd
w0 pulse trains: 51 (F1-RefFreq, L1-Reflevel) | Atpulsestartthe phase issettothe  Switch between time (PRI)

PRI1=200ms und §1 (F2=F1+500 KHz, L2=L1-10dB) PRI value defined in the sequenceorby  and frequency [PRF)
- } ~| thelPm.

= BERE@D ~NF a v+

No Nesting | Element Type Pulse Settings | Repetitions | Settings IPM Marker | AFreq | Alevel | Phase PRI Delay
e Pulse ~ P - 4 2 : Y4 & static & 13_ oHz 0dB 0° 25ms 0s

2 Pulse v - rd 3 J rd & static #1B. oHz 0dB 0° 5ms 0s

3 < > | Loop - 4 var # static

3 < > | Pulse - Pl -~ ra 2 ] rd & static #1238 | S00KkHz | -10@B 0 25ms 2ms

5 < > I_ pulse ~|r2 - & R 4 & static | #1238 So0kHz | 1008 0° 5ms 0s

/' Block Disgram

1: Pulse 2: Pulse ’//3: Luup\\ 4: Pulse 5: Pulse.
Pl I T ] Ll r l

2x 3x 2x 3x
25 ms PRI 5.0ms PRI \ / 2.5 ms PRI 5.0 ms PRI

The sequence graph in the "Sequence Description" confirms that the two items are
included in the loop. The loop is repeated a random number of times.

2. To enable a different PRI for the looped items, select the first pulse in the loop and
set "Delay = 2 ms".
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PR|81 = PRISZ + 2 ms =22 ms.
3. For the pulses in the loop, set the "A Freq = 500 KHz" and "A Level = -10 dB".

4. Assign the sequence My s2 S1-F1 S1-F2 to a pulse train scenario.
Start the calculation. Select "Results > View".

The "Signal Preview" dialog displays the results.
Select "Graphics > PRI" to observe the PRI for the pulses in the sequence. Select
different parameters to visualize them on the graph.

To create a scenario with several pulse train sequences

If your test situation requires you to test the receiver's ability to detect different pulse
sequences, you can use "Sequences (Collection)" scenario. In this dedicated scenario,
you can configure several pulse train sequences and switch between them sequen-
tially.

The following example creates a complex scenario with two pulse train sequences to
explain the principle.

1. Select "Repository Tree > Scenario > New".

2. Inthe "Scenario Wizard", select "Scenario Type > Sequences (Collection)".
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amm »
mn- Create Scenario x

AL
A=A Ak s an Qnl- an

N1

Smum:fs;{)muachm}

N ?)

L\J'L*QS = . ) 1)
) I

EEEm
Single Emitter Emitters (Collection) Localized Emitters

I:)iu ﬁ

N 'T ) bow N\

Single Sequence Waveform Sequence

Direction Finding PDW List

Sequences (Collection) scenario is wsed to create multiple sequences which can
be selected in arbitrary order.Pulse parameters include the pulse envelope,
modulation on pulse (MOP), carrier frequency, and level. The sequence editor
defines the order in which the pulses are generated and also adds control
elements such as loops and fillers. Inter pulse modulation profiles can be
applied to vary pulse parameters.

Create Cancel

3. Confirm with "Create".
4. Enter a scenario name and a description.

5. In the block diagram, select "Sequences > Edit".

The "Sequences (Collection)" dialog opens.

6. Use the standard "New" function to insert the first sequence in the list.

You can select from the list of available sequences or create a new one.
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See also "To create a simple sequence" on page 131.

7. Inthe list of sequences, select a "Sequence". Use the standard "New", "Append/

Remove" and "Up/Down" functions to add items to the list or reorder them.

Sequences (Collection): My_TestScenarios -> My_PT_Collection

2 COx

Collection of Sequences

Variable Prefix

Index 1..M <prefix=_i
= E B @ + searchAliases
No Alias Name Sequence Edit
® PT My_S1_PT - 4
2 | F-Hops My_PT_PRIStag; I 4

For description of the provided settings, see Chapter 7.2.5, "Lists with multiple
sequences", on page 129.

8. Inthe "Scenario" dialog, select the name of the sequence, e.g. "PT".

= My_Tests > My_PT_C # 0O x
My_PT_Collection Sequence Simulation Reference Info
Current Duration Frequency Reporting ks turned off.
Komement . T e Multithreading is turned off,
T H
Misttiple PT scenanos ] Dutput s POW s
Fied 13 Level
0dBm
Scenarko Type
Sequences (Coliection) Y
Scenasio Creation @ Signal Calcutation @ Signal Generation @
Export Plugin
Destination 1
= Gonfig = =
Sequences = > - » Config = - > O
Results =
B Calculate P Run
A
. Ay
- |
Storage .
Idle

For description of the provided scenario settings, see Chapter 5.2, "Scenario set-

tings", on page 74.
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To create a pulse train sequence and scenario automatically with the "Startup
Assistant”

Alternatively to the methods described in this section, you can use the "Startup Assis-
tant" to create a pulse train automatically.

1. In the menu bar, select "Help > Wizard".

2. Select "Create a pulse train".
Confirm with "Next".

3. Follow the instructions, use the default settings and select "Finish".

For description of the provided settings, see:

e Chapter 5.2, "Scenario settings", on page 74

e Chapter 6.2, "Pulse settings", on page 93

e Chapter 8.1, "IPM profiles settings", on page 142
e Chapter 20.1, "Marker settings", on page 380
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8 Defining and enabling inter-pulse modula-
tion effects

Per default, pulses calculated from the settings of one table row in the sequence
description table are identical. To simulate a change of parameters from one pulse to
another, like PRI stagger for example, you can define inter-pulse modulation (IPM)
effects and assign them to the sequence elements.

Throughout this description, the IPM effects are commonly named parameter varia-
tions.

Pulse repetition patterns

The pulse repetition patterns are commonly used to:

® Avoid range ambiguities caused by echoes of far away objects, which fall into the
detection period of the next pulse

® Protect the radar signal against jamming
® Deal with clutter (ground, sea, weather)
® Make the radar more difficult to be identified by frequency hopping

IPM effects

In the following, two common IPM techniques, the jittered PRI and staggered PRI, are
used to explain the principle:
e Jittered PRI
In general, a jitter is understood as the short-term variations of a significant pulse
parameter, deviating from their ideal positions in time in either random or ordered
way (see Figure 8-1).
You can, for example, use the random variation of the rising and falling pulse edge
positions to simulate a technically imperfect trigger signal.

‘I“T TT T‘i‘

Figure 8-1: Example of Jitter effects

1 = Ideal pulse with constant pulse repetition interval (PRI) and pulse width (PW)
2 = Pulse affected by Jitters: Jitter PRI (PRI, = PRI,) and varying pulse width (PW, = PW,)

As illustrated on Figure 8-1, the time between two subsequent pulses varies ran-
domly, on a pulse-to-pulse basis, as does the pulse width.

e Staggered PRI
Staggered pulse trains are commonly used against range ambiguities and blind
speeds, see also "Pulse repetition patterns" on page 139.
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Staggered PRI is a transmission method based on pulse trains with constant pulse
width (PW) and varying PRI. The principle of staggered PRI is illustrated on Fig-
ure 8-2

#1 #2 #3 #1

f f !

Figure 8-2: Example of an IPM effect: Staggered PRI

1 = Stagger start delay
#1,#2 #3 = Pulse train group composed of three pulses
PRI = Group PRI: Pulse repetition interval of the pulse train group

PRI;,PRI,,PRI; = Pulses transmitted with different PRI

As illustrated in Figure 8-2, within a pulse train group each successive pulse uses a
different PRI; the pulse train group is slewing.

® Frequency Hopping
Frequency hopping and frequency agility is a further anti-jamming method. If fre-
quency hopping is used, the radar signal switches rapidly and periodically between
different carrier frequencies.

There are no predefined parameter variations in the software but IPM profiles can be
assigned to the parameter listed in Table 8-1.

Table 8-1: Parameters to which IPM profiles can be assigned

Parameter group Pulse parameter
Level Offset [dB]
A Level
MOP AM Modulation Depth [%]

AM Frequency [Hz]

FM Deviation [HZz]

FM Frequency [Hz]

Symbol Rate [Hz]

FSK Deviation [Hz]

Chirp Deviation [Hz]

Timing Rise Time [s]

Pulse > Time > Rising Edge

Pulse Width [s]
Pulse > Time > Width

Fall Time [s]
Pulse > Time > Falling Edge

Delay [s]
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Parameter group Pulse parameter

PRI [s]/PRF [Hz]

Phase Offset [°]

A Freq. Offset [Hz]

Source profiles

Parameter variations are described as the combination of a source (profile or variable)
and the target element (pulse, sequence or waveform), to that the variation is
assigned. If you assign more than one variation to an element, these variations are
superimposed (see Chapter 8.1.4, "Inter-pulse modulation (IPM) settings",

on page 156).

Source profiles are jitter and IPM profiles. You can use the same profiles for more than
one variation; the R&S Pulse Sequencer Digital calculates the profile values independ-
ent from each other.

Each jitter and IPM effect affects one of the parameters listed in Table 8-1 and can use
the following profiles:

® Steps

® Waveform

® Random List

® Random Steps

® List

® |nterpolated Shape

® Random
® Equation
® Plug-in

® Binomial
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8.1 IPM profiles settings

Access:

» Select "Repository Tree > IPM > New".

ll v My_TestScenarios -> Stagger PRI

Stagger PRI
Comment
sine: Length = 30, 340 us - 470 us,

Period = 12 ms

Unit of Affected

Parameter Time [s] e
Profile |Waveform w | 20
Type |Sine b
Offset | 400us

Pk-toPk | 140us
Pulse Count | 30 L

Period Time 1 ms

Settings:

o Common IPM settingS........cooiiiiiiiiieieccrrir e
o IPM profiles SettingsS....ccouiiiiiiiiiie e
o Editlist SettingS....ueeiiiiiiiiiii s
e Inter-pulse modulation (IPM) settings........cccccceviiiieeiiiiinnnne

8.1.1 Common IPM settings

IPM Profile Name
Enters the name of the profile.
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IPM profiles settings

Remote command:
IPM:CREate on page 426
IPM:NAME on page 427
IPM:CATalog? on page 425
IPM:SELect on page 426
IPM:REMove on page 428

IPM Profile Comment
Adds a description.

Remote command:
IPM:COMMent on page 428

Unit of Affected Parameter
Sets the units of the IPM parameters.

Available are: "Time [s]", "Frequency [Hz]","Level [dB]", "Phase [deg]", "Percent [%]".

Remote command:
IPM:UNIT on page 478

Profile

Sets the shape of the profile:
Steps

Waveform

Random List

List

Interpolated Shape
Random

Equation

Further available parameters depend on the selected shape.

Remote command:
IPM: TYPE on page 478

2D
Opens a preview diagram of the selected profile.

Two views are available:
® "Time Series"
A visualization of the profile variation over time
® "Histogram"
A statistical representation of the relative frequency density, calculated for the
selected number of "Histogram Bins".
The histogram plots the number of times data points appear in a particular bin.

The displayed characteristics on both views are defined by:
"Values" Sets the number of values to be displayed.

"Duration” Sets the displayed duration.
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8.1.2

IPM profiles settings

"Histogram Bins"

Sl TPM Preview: My _PRI-Stagger =N R (<=
My ag
values Time Series  Histogram
a 50

45

Histogram Bins

30

Relative Frequency Density [Ya]
[¥%)
=

0.0006 0.000755 0.00091

Sets the number of histogram bins, i.e. the histogram sets used to
group the obtained data.

Bins of equal size are used. The bin size is calculated from the value
range used on the y-axis in the time series display and the number of
bins.

Remote command:
DIALog:IPMPlot:VIEW on page 489
DIALog:IPMPlot:SAMPles on page 489

IPM profiles settings

The following IPM shapes can be defined:

] (=T 01 S 144
I USRS 145
LAY = 1YY (o] o o TR SO 147
Interpolated ShapE......coooi i 148
e U= £ o 149
= T (o] o T I PSP 150
= Lo (o] TS (=T o1 T SPUPRRPRN 151
= o (0] 1 o PR PURPPPPt 152
P UG N e e e e e e e e e e e —————————————————_ 153
BINOMUAL.....eee et e e e e aaaaaaas 154
Steps

This IPM profile follows a staircase shape and creates a sequence of identical values
before it moves on the next one.

The profile shape is defined as a function of "Number of Steps", "Start" and "Incre-
ment" values; the stop value is calculated automatically.

The parameters "Burst Length" and "Burst Period" are exclusive. They define how
often or how long an increment is repeated, i.e. how many identical values are created.
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IPM profiles settings

S 1PM: My_TestScenarios < FHOP # _ X | 0 = 1PM Preview: #_0x

FHOP Values Histogfam v

Gomment | Fraguency Hops

Unit of Atfected [,

Parameter |Freauency [Hal

Profile | Steps v 2D

Start | OHz

— Increment | 1MHz

Steps | 5

Hlim-—e—e ..
— Burst Length | 2 .
Burst Period 1ms | X
r

nEEE

Figure 8-3: IPM with shape "Profile = Steps”

1 = "Number of Steps" =5
2 = "Burst Length" = 2

3 ="Increment" = 1 MHz
4 ="Start"=0Hz

Remote command:
IPM:STEP:STEPs on page 486
IPM:STEP: STARt on page 485
IPM:STEP: INCRement on page 485
IPM:STEP:BASE on page 484
IPM:STEP:BURSt on page 485
TPM:STEP: PERiod on page 485

List

The IPM shape is a sequence of discrete values defined in a list.

The list items are processed sequentially and cyclically. When the list end is reached,
the list is processed from the beginning. Each list item is repeated once or several
times, or for the defined time duration.
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IPM profiles settings

A E P My TestScenarios - FHOP A _ K | E IPM Previey: FHOR #_Ox
FHOP Nakots Hrnbaem L J
o CE] - =
Tommet  Frequency Mot
Y
""'"“is:t‘”f; Freauency [He]
ot | List ko]
k J
H—— Eelsted 20 | Puba
.. .
Ust.
B = ednine A_Dx -
1
= 558 cB >t
LEY Value Repetitions
1 0 1
3 i 3
3 ] 3

Figure 8-4: IPM with shape "Profile = List"

1 = "List Count" = 4

2, 3,4, 5 = The increments are repeated different number of times: "Repetitions#1 = 1", "Repetitions#2 = 2",
"Repetitions#3 = 3", etc.

"List Start" =0

"Import Data from File" icon

"Populate list" icon

"Related to = Pulse"

© 00 ~NO®

List profiles are defined in the standard list editor in table form, see "Edit List"
on page 155.

Use one of the following options to create an IPM list profile:

® To create a list manually, use the standard icons and functions in the context menu
(see "Standard function in the context menus" on page 33).
Enter the list values manually.

® To import a list in ASCII format, select the "Import Data from File" icon.

® To create a list automatically and fill it in with values, select the "Populate list" icon.
Enter the "Start" and "Increment" values and the number of list elements ("Count")
and select "Populate”.
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"Firing Order"

IPM profiles settings

If "Related to = Pulses", defines the sequencing of the PRIs in time.
Without the firing order, PRIs defined in lists are processed in their
sequential order, where a list element is repeated the number of
times defined as "Repetition" (see Figure 8-4).

By using firing order, PRIs defined once can be reused several times
and processed in a different order than their sequence order in the
list. The "Repetition” field is ignored and the actual number of times a
PRI is repeated each time is defined in the firing order definition field.

Supported are the following expressions:

e M-N
e MxL
Where:

e M and N are list elements numbers
® | is number of repetitions.

Example:

With "Firing Order > On", the expression 71x7,2x2,3x3,4x4 results in
the sequence 1,2,2,3,3,3,4,4,4,4, that is the same as the example on
Figure 8-4.

You can observe the "Time Series" on the 2D view.

Remote command:
IPM:LIST:FIRing:ENABle on page 480
IPM:LIST:FIRing:SEQuence on page 480

Remote command:

IPM:LIST:ITEM:ADD on page 429
IPM:LIST:ITEM:COUNt? on page 430
IPM:LIST:ITEM: SELect on page 431
IPM:LIST:ITEM:VALue on page 479
TPM:LIST:BASE on page 479
IPM:LIST:ITEM:REPetition on page 479
IPM:LIST:ITEM: TIME on page 479
IPM:LIST:ITEM:DELete on page 432

Waveform

Sets an IPM shape that follows a ramp, sine, or triangular waveform function. The
waveform amplitude is defined by the "Peak-to-Peak" value. A constant "Offset" can be
applied to the entire waveform. The waveform period is set as "Period Time" or as
number of pulses ("Pulse Count") it lasts.
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IPM profiles settings

Al Bz ity Tetsemais - FHOP # T E | S 1M Preview: FHOP X
FHOP iaes Time Serkl.  Hivtegram
H
Comment | pregiiency Hops A
Unitof Aftectes
L il
Profile | Warvefam |« R | i S R e e E e e — E— —
. -
Trpe | REmp =
Offuet | 40 ms
-
PragPx 130 my
.
Futse Count | 10 - Y
5 .
Periog Time 1rma

Figure 8-5: IPM with shape "Profile = Waveform" (Type = Ramp)

1 = "Offset" = -40 ms
2 = "Peak-to-Peak" = 120 ms

"Linear Ramp" The linear ramp is a profile with a sawtooth shape.
The generated values monotonically increase from ("Offset"-"Pk-to-
Pk"/2) to ("Offset"+"Pk-to-Pk"/2).

"Sine" The sine profile creates values that follow one period of a sine wave.
Enable a "Phase Offset" to change the start phase of the sine wave.

"Triangular" The triangular profile changes a parameter from a minimum to a max-
imum value and back to the minimum value, following a triangular
shape.

Remote command:
IPM:WAVeform:BASE on page 487
IPM:WAVeform: TYPE on page 487
TPM:WAVeform: PKPK on page 488
IPM:WAVeform:OFFSet on page 487
IPM:WAVeform: PHASe on page 487
IPM:WAVeform:COUNt on page 487
IPM:WAVeform: PERiod on page 488

Interpolated Shape

The IPM shape is a sequence of values defined in a list. The list items are mapped to
several repetitions ("Pulse Count") or equally distributed over a selected period of time
("Period Time").

The transition between the increments can also be linearly interpolated.
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IPM profiles settings

all = 1PM: My_TestScenarios -» FHOP 2|00 x || Wl = 1PM Preview: FH #_Ox
FHOP Values Histogrim v
0 F - - - L
Comment Frequency Hops
 J
- 2 |
unizel Areced L ’
Farameter 5
Profile | Interpolated Shape < 2D A J
List...
n'l— Pulse Count 10 -
 J
Period Time 1ms - . - -
Interpolation  None [5/H) 4
\j
b o PR
i .
< »

Figure 8-6: IPM with shape "Profile = Interpolated Shape" ("Interpolation = None (S/H)")

1 = "List Count" =5

2 = Each increment is repeated two times = "Pulse Count"/"List Count"
3 = "List Increment" = 1

4 = "Pulse Count" =10

5 = "List Start" = 0

"Period Time"  Sets the period of time over that the list items are equally distributed.
"Pulse Count"  Sets the number of pulses for that the data from the list is used.

Remote command:

TPM: SHAPe: BASE on page 484
IPM:SHAPe: PERiod on page 484
TPM: SHAPe: COUNt on page 484
IPM:SHAPe: INTerpol on page 484

Equation

Defines the IPM shape as a function of:

t = 0 .. Tisthe absolute time.

i = 0 .. N-1isa pulse counter, where N is the maximum number of pulses.
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IPM profiles settings

H . (ik
(i<10) ? 5: (i*0.5)
| = IPM: My_TestScenarios - FHOP S 1 X [ = 1PV Preview: FHOP #_Ox
FHOP Values Time Series | Histogram
20 95 maiv
Comment | Ereguency Hops
.
85 .
Unit of Affected Ti
Parameter M€ 1] v
8 .
Profile  Equation v| 2D
Variables - -
5.8 Variables 7.5
i<10) 7% ir0.5) Pl valueof Pl
t Time 0..T
i Pulse 0..N |
6.5 -
Press Shift+Enter for new line
6 .
55 .
N
45

See Chapter B, "Formula syntax", on page 646.

Remote command:
IPM:EQUation on page 478

Random List
The IPM shape is a sequence of discrete values that are randomly selected from a list
with user defined values.

A E P My_Testhoenasios = PSE_FHiogs x| E 1P Preview: S+ _Ox

PS5R_FHops Wkt Tithe Serien | Hivegr
[y

Comment | py§1I50 iz, PN 183 ki, FI=S053 kHE with peewdo-

TINGHm paieT ==

it af Affesited -
P L]

PecAls  Rancdom Lt I

B_’“' waer [3 .

Birat Pesisd | 1

Lt

|..l!uuu #_Clx N ¥

E 5508 B

Ha Value

n_ 1 123w
b T4

|
I
I
I
I
I
I
I
I
I
W Aweid Heuse Lol !
I
1
I
|
I
|
1
I
|
I
i

Figure 8-7: IPM with shape "Profile = Random List"
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IPM profiles settings

= "List Items" = 3
= "Burst Length" = 3
4, 5 = Subsequent patterns with values that are selected on a pseudo-random manner from the defined 3
list items

1
2
3,

"Burst Length/
Burst Period"

The parameters "Burst Length" and "Burst Period" are exclusive.
They define how often or how long an increment is repeated, i.e. how
many identical values are created.

"Avoid Reuse"
"List"

Ensures that each value is used only once per burst.

Accesses the standard list editor to define a list in table form, see
"Edit List" on page 155

® To create a list manually, use the standard icons and functions in
the context menu (see "Standard function in the context menus"
on page 33). Enter the list values manually.

® To import a list in ASCII format, select "Import Data from file" icon,
navigate to a suitable file, select it and import it.

® To create a list automatically and fill it in with values, select the
"Populate List" icon.
Enter the "Start" and "Increment" values and the number of list
elements ("Count") and select "Populate”.

Remote command:
IPM:RLISt:BASE on page 483
IPM:RLISt:BURSt on page 483
IPM:RLISt:PERiod on page 483
TPM:RLISt:REUSe on page 483

Random Steps
The IPM shape is a sequence of desecrate values and step size that are randomly
selected from a user defined value ranges.

“Elllzlly_ﬁsﬁcuulhsownm # _ 1% | = 1PM Preview: PSR_FHops. & _COx
PSR_FHops Values v v
» F T T ==
Comment | £1212250 kHz, F2=11140 kHz, F3=9050 kHz with pseudo- 1 1 |
random pattem 1 I I
| I I
1 I 1
1 v I I
il : i |
Unit of Affected

Parameter e [51 I M I 1
Profile | Random Steps BT ! ! |
: I I 1
5 E— . i |
Maximum 25 : ! J
n 1 ‘r 1 1
step Size ! 1 !
T 1 I 1
ﬂ—— Minimum | 200 ms 1 1 ] I
_ 1 I I 1
B——vwimum [ s00ms ] i 1 |
N 1 I I |

Periodc
v i i 1 i
B s I I | I
1 I I I
i i i )
1 I I ]
1 I I |
1 I I I
1 I I |
I I I |
1 1 T 1 S|

Figure 8-8: IPM with shape "Profile = Random Steps"
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IPM profiles settings

1 "Periodicity > Count = 5", i.e. selected are five random values
2 to 4 = Subsequent patterns

5,6 = User defined step size

7,8 = User defined value range

"Periodicity > Count"
Sets the pattern length, i.e. the number of values that are selected on
a pseudo-random manner.

Remote command:

IPM:RSTep:MINimum on page 486
IPM:RSTep:MAXimum on page 486
IPM:RSTep:STEP:MINimum on page 486
IPM:RSTep:STEP:MAXimum on page 486
IPM:RSTep:PERiod on page 486

Random

Random jitter is unlimited in its value range and is caused by thermal noise and similar
effects. The IPM shape is a sequence of random values according to the select "Distri-
bution" function.

sl = IPM: My_TestScenarios -» PSR_FHops # _ [ x | . = IPM Preview: PSR_FHops #_Mx

PSR_FHops Values Time Series | Histogram

100 - 20
Comment | £1213250 kHz, F2=11140 kHz, F3=9050 kHz with pseudo-
random pattern Histogram Bins

=

15

o

Unit of Affected

Parameter 1M 5] i

=

Relative Frequency Density [%

Profile  Random v 2D

Distribution | Normal Distribution v

Mean | Os
StdDev | 1s

Lmit | 3s

0.48003

Figure 8-9: IPM with shape "Profile = Random" and "Distribution = Normal Distribution"

"Uniform Distribution"
With this distribution, values occur with the same probability in the
range between the minimum and maximum level. The granularity is
the value set with the parameter "Step".
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IPM profiles settings

"Normal Distribution"
The gauss probability density function or normal distribution is char-
acterized by the static parameters "Mean" (u), "Standard Deviation"
(o) and "Limit".
The Figure 8-10 illustrates the probability at which values would occur
related to the standard deviation if no limit was set.

Figure 8-10: Normal distribution

"U Distribution" The U distribution is characterized by a function with lower limit and
upper limit that are calculated from selected "Center" and "Range"
values.

Remote command:
IPM:RANDom:DISTribution on page 481
TPM:RANDom:UNTIForm:MINimum on page 482
IPM:RANDom:UNIForm:MAXimum on page 482
IPM:RANDom:UNIForm: STEP on page 482
IPM:RANDom:NORMal : MEAN on page 481
TPM:RANDom:NORMal : STD on page 481
IPM:RANDom:NORMal:LIMit on page 481
TPM:RANDom:U:CENTer on page 482
TPM:RANDom:U:RANGe on page 482

Plug-in
Custom IPM profiles are used in the same way as the internal IPM profiles.
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IPM profiles settings

il" = IPM: My_TestScenarios -> Stagger PRI A n x
Stagger PRI

Comment | gine; Length = 30, 340 us - 470 us,
Period = 12ms

Unit of Affected

Parameter 1S E] h
Profile  Plugin v| 20
Plugin  drcular scan v =
No Variable Value

e Round Duration | 1.5s

2 HPBW Duration 15ms
3 Delay 100 ms
4 Window Duration || 60 ms

7

"Plugin Name" Selects and loads a user-defined IPM profile from a file.

The IPM profile must exist in the "Plug-in" library of the repository.
"Plugin Variables"

Sets the values of the variables defined and used in the plug-in.

Use the standard context menu functions to:

® Reset the plug-in variables

® Access the load "Plug-in" settings, see Chapter 19, "Defining

complex modulation schemes and IPM profiles", on page 377

Remote command:
IPM:PLUGin:NAME on page 427
IPM:PLUGIin:VARiable:CATalog? on page 503
IPM:PLUGin:VARiable:SELect on page 503
IPM:PLUGin:VARiable:VALue on page 504

Binomial
This IPM profile follows a binomial distribution function.
ill 1PM: My_TestScenarios -» TPM 1 3] | il P preview: PM1 [==]==]
PM 1 Values Time Series  Histogram
Comment 1000 7100
Histogram Bins E 90
5 D@ 80
g 70
Unit of Affected &
" DParam;ter Nene e g- et
g s0
Profile  |Binomial v 3B _% 40
Lz
2 30
20
Value 1 | 100
10
Occurence 80 % a
value2 | 0
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8.1.3

IPM profiles settings

The profile can be used to omit pulses randomly.
"Value 1, Value 2"
Values of the binomial distribution function.

"Occurrence"  Probability of occurrence of value 1 in per cent.
The probability of occurrence of value 2 is calculated as: 100 % -
"Occurrence"

Remote command:
IPM:BINomial:VALl on page 488
IPM:BINomial:VALZ2 on page 488
IPM:BINomial:PVALIL on page 489

Edit list settings

Edit List
List editor with standard functions.

T

= Edit 2 _Cx

=R @|CcB

No Value Repetitions
1 0 1
2 1 2
3 2 3
4 3 4

1 = Standard functions for item handling
2 = "Import Data from File" icon
3 = "Populate list" icon

"New/Select”  Accesses standard functions for item handling like "Select/Remove
All" or "Insert After".
See Table 2-4.

"Import Data from File"
Opens the Windows Explorer to navigate and select an ASCII file with
list data.
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"Populate List"

|l|temll
|INO|I
"Value"

"Repetitions"

Defining and enabling inter-pulse modulation effects

IPM profiles settings

Accesses the "Populate List" dialog.

[dﬂl Populate List EI@ 1
Skart | ol |
Increment | 1 |
Count | 4 |
| Populate |

To fill in a list with values automatically, set:

® '"Start": start value

® "Increment": step with that the values are incremented
e "Count": number of list items.

Selects an item.
Automatically assigned number to each list item.
Enters the value of the list item.

Defines how many times a particular list item is repeated.

Remote command:
IPM:LIST:LOAD on page 480
IPM:LIST:SAVE on page 480
IPM:LIST:CLEar on page 433

8.1.4 Inter-pulse modulation (IPM) settings

Access:

» In the "Sequence" dialog, select a pulse item.
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IPM profiles settings

Select "IPM > Static".

| = 1PM:Line Item 1 S+ _Ox

IPM Presets Add Custom 5 Delete
= = %

Source W Profile

My _PW-fitter iy

Variable

“aTs s B &

Target W@ Timing/Pulse Width

Variable

= Transformation O5x+1
1 PSR_FHops Frequency/Cifset

oo

T(x] where x is the value coming from a
variable or IFM profile

Bepetition W@ Individual values

Each pulse fnoem a set of repetitions uses
anew IPM value

Identical values

All pulses from a set of repetitions use
the same value

Restart Restan IPM for this line item

Feset random generator

Figure 8-11: IPM: Understanding the displayed information

1 = Standard add/delete functions to create IPM of the selected type or remove the selected IPM from
the repository

2 = Variation profile

3 = Defines the pulse parameter or the variable on that the IPM is applied

4 = Enables and defines a transformation

5 = Sets the way repeating pulses are processed

6 = Configures the random generator

7 = Graphical representation of the configured variations and the parameters on that they are applied

8 = Second variation is assigned to a different element ("Target > Frequency > Offset")

9 = Two variations are assigned the same element ("Target > Timing > PRI"); these variations are

added

Settings:

= /Add CUSTOM/DEIELE. ...t e e e e e 158
11V e =T o] o T PRSP PPPOPPPPRN 158
T 11 o SRR 158
L 1o = SO PP PP PP PPPPPPTPPN 158
TranSfOrmMation F(X)...ccuuueieeeee e e e e e e e e e e s e eeaaaaeeeaaaan 159
=T 01 114 o T 159
=] €= | SO P PUUTTRT 159
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IPM profiles settings

= Add Custom/Delete
Standard functions to create IPM of the selected type, to disable the selected IPM, or
to remove an automatically created one from the repository.

Provided are the following predefined IPM profiles:
® PRI Stagger

PRI Dwell Switch

PRI discrete Jitter

PRI Triangular PFM

Frequency Agile

Remote command:

SEQuence: ITEM: TPM: ADD on page 429
SEQuence: ITEM: TPM:COUNt ? on page 430
SEQuence:ITEM: IPM: SELect on page 431
SEQuence: ITEM: IPM:DELete on page 432

IPM graph
Graphical representation of the configured variations and the elements they are
applied on.

The elements are interactive. Right-click to open the context menu.

Source

Parameter variations are defined as profiles or variables.

"Profile" Lists the available Jitter and IPM profiles in the repository.
To create a profile or to edit an existing one, select the "New/Select"
icon.

"Variable" The variation follows the variable values.

The variable must exist and must be defined. Variable names are
case-sensitive.

Variables apply to the following elements:

® One sequence item (row in the sequence description table)

® |f defined for a loop, to all items (pulses, waveforms or nested
loops) within the loop.

® |n nested loops, variables of the parent loop are inherited.

See "To use variables to describe parameter variations" on page 167.

Remote command:

SEQuence: ITEM: IPM: SOURce : TYPE on page 476
SEQuence: ITEM: IPM: SOURce on page 476
SEQuence: ITEM: IPM: SOURce:VARiable on page 476

Target
Profiles can be assigned to an existing pulse parameter or to a variable.

® To select a parameter, use the "New/Select" icon

® To select a variable, enter the variable name (prefix and extension, e.g. "Level_Off-
set_j"). This variable is available within the current sequence item (row in the
sequence description table).
Variable names are case-sensitive.

Parameter variations can be applied on the pulse parameters listed in Table 8-1.
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Remote command:

SEQuence: ITEM: IPM: TARGet : TYPE on page 477
SEQuence: ITEM: IPM: TARGet : PARameter on page 477
SEQuence:ITEM: IPM: TARGet : VARiable on page 477

Transformation f(x)
Transformations are an alternative way to describe the output value of the IPM as a
mathematical function of the raw value from the IPM profile.

Example:
0.5"x + 1

The example uses the equation f(x) = a*x+b, where the multiplier a = 0.5 and the offset
b=1.

See:
® "To use variables to describe parameter variations" on page 167
® Chapter B, "Formula syntax", on page 646

Remote command:
SEQuence: ITEM: IPM: EQUation on page 477

Repetition
Defines the way the variations are applied on repeating pulses:

"Individual value"
A new value is calculated per pulse.

"Identical value"
The same values are used for all repetition of a particular item in the
Sequence > Sequence Description Table.
New values are selected each time the same IPM profile is applied to
a different item.
Use the "Restart" options to reset an IPM profile.

Remote command:
SEQuence: ITEM: TPM:MODE on page 477

Restart
If the IPM profile uses a random generator, you can:
® Restart the IPM per sequence line item, i.e.:
— Resets incremented values
— Starts processing of list from the first item
— Restarts plug-ins
® Reset the start seed of random generator.

Remote command:
SEQuence:ITEM: IPM:RESTart on page 478
SEQuence: ITEM: IPM:RANDom: RESet on page 478
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How to create IPM profiles and vary pulse parameters

See:

® "To create an IPM with the "Startup Assistant™ on page 160

® "To access the IPM profile dialog" on page 160

® "To create a simple staggered PRI IPM profile" on page 160

® "To assign the staggered PRI profile to the PRI parameter of a pulse" on page 162
® "To visualize the impact of the IPM profiles" on page 164

® '"To create and assign a PRI Jitter" on page 165

® "To vary pulse parameters simultaneously" on page 166

® "To create and apply a frequency agile (frequency hopping) pattern" on page 164
® "To use variables to describe parameter variations" on page 167

To create an IPM with the "Startup Assistant”

1. In the menu bar, select "Help > Wizard".

2. Select "Create a new inter-pulse modualtion > On".
3. Select "Next".
4

Select the "Unit" and the "Profile" type.
See Unit of Affected Parameter and Profile.

To access the IPM profile dialog
Perform one of the following:
1. Select "Repository Tree > IPM > New".

2. Open the "Repository Tree > Sequence > Sequence Description > [PM > [PM/
Static > IPM" dialog and:

a) On the right of "Source Profile" parameter, open the context menu
b) Select "New IPM".

A new empty IPM profile is created and added to the project tree.

New profiles are named IPM <n> where n is a number starting at one.

You can add information to describe and identify the profile, like a name or a com-
ment.

To create a simple staggered PRI IPM profile

In this example, we create an IPM profile that contains three time values, defined in a
list form. We assign this IPM profile to the PRI parameter of a pulse, see "To assign the
staggered PRI profile to the PRI parameter of a pulse" on page 162.

Generated is a pulse train containing three pulses, as, for example, the pulse train on
Figure 8-2.

1. Open an IPM profile dialog.
See "To access the IPM profile dialog" on page 160.
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2. Select "Unit >Time [s]" and "Profile > List"

lll TPM: My_TestScenarios -> My_PRI-Stagger [E5
My_PRI-Stagger

Comment

List: 600 us, 750 us, 910us

Unit of Affected Time [5] "
Parameter | 8
Profile |List ~ | 2O
List Base |Repetfitions b

List...

See also Chapter 8.1.2, "IPM profiles settings”, on page 144.

3. Select "List...".
Create a list with three items.

= BERE B

No Value Repetitions
1 600 u 1 i n
2 750 u 1 ) 12
3 #10u 1

Figure 8-12: Example of a simple staggered PRI IPM profile

1 = PRI, =600 us

2 = PRI, = 750 us

3 =PRI;=910us

The value of each item is set to the required PRI; items are processed once.

4. In the "IPM" dialog, select "2D > Time Series" to visualize the configured IPM pro-
file in the time domain.
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lll TPM Preview: My_PRI-Stagger == EcH =%~

Values Time Series  Histogram

q 950 u 0/ div
900 u—" = "

850 u

800 u

750m = =

700 u

650 u

600 u L] L]
550 u
500 u

450 u

Created is a simple profile with three values only.
5. Select "Histogram" to retrieve statistical information on the IPM profile.

Jill 1PM Preview: My_PRI-Stagger = o =
Values Time Series  Histogram

20

45

9

Histagram Bins

30

Relative Frequency Density [%a]
w
=

0.0006 0.000755 0.00091

In practice, a staggered PRI profile follows more complex structure and comprises
of a larger number of pulses, see for example Figure 8-4.

To assign the staggered PRI profile to the PRI parameter of a pulse

1. Open the pulse sequence to which the created profile is applied, e.g. "My _PT_PRI-
Stagger".
See also "To create a simple sequence" on page 131.

2. In the "Sequence" dialog, select a pulse item.
Select "IPM > Static".

Per default, there are no predefined parameter variations in the "IPM" dialog.

3. To assign the created IPM profile:
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a) Select "Add Custom".
New empty profile "IPM None" is created.

b) Select "Source > Profile > My_PRI_Stagger".

c) On the right of "Target" parameter, open the context menu.
Select "Timing > PRI".

=} = IPM: Line Item 1 #_ %

E5 ipmt presets EJ add custom EX Delete

Source @ Profile

IPM . My_PRI-Stagger W
J[ My_PRI-Stagger ]—'[ Timing/PRI ]

Variable

Target @ | Timing/PRI

Variable

Transformation

f(x) where x is the value coming from a
variable or IPM profile
Repetition @ Individual values

Each pulse from a set of repetitions uses
a new IPM value.

Identical values

All pulses from a set of repetitions use
the same value.

Restart |v RestartIPM for this line item

Reset random generator

For description of the provided settings, see Chapter 8.1.4, "Inter-pulse modulation
(IPM) settings", on page 156.

4. Inthe "Sequence" dialog:

a) Set "Repetition Count = 12"
b) Set "Delay = 230 us" to enable a stagger start delay, see Figure 8-2

= BER§ cB

No Value Repetitions
1 600 u 3 —5
2 750 u 1 -
3 910u 1

The "Sequence" dialog confirms, that a parameter variation varying the PRI is
applied ("IPM = IPM" and "PRI = var").
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To visualize the impact of the IPM profiles

We assume, that a PRI stagger has been configured and applied to a pulse train, as
described in "To assign the staggered PRI profile to the PRI parameter of a pulse"

on page 162.

We also assume, that a "Pulse Train" or a "Pulse Train (Collection)" scenario is config-
ured, a destination is selected, and the sequence is assigned to this scenario (see
Chapter 5.3, "How to select and create a test scenario", on page 90).

To visualize the resulting sequence:

1. In the "Scenario" dialog, select "Signal Calculation > Calculate".

The software calculates the signal. Green LEDs indicate that the processing is

completed.
it = io: My_ ios > simp A0 x
simplePulseTrain Simulation Reference Info
Duration Frequency Reporting is turned off.
Comment Multithreading is tumned off.
Auto 6GHz Output is PDWs
@ Fixed | 180ms Level
-10 dBm
Scenario Type
Single Sequence v
Scenario Creation W signal Calculation W Signal Generation
Sequence: Export Plugin
My_PT_PRI-Stagg... Destination 1
- Config = -_—
Sequence = B - B Config = —» [
Results =
8 Retransmit P Run
5
L]
Storage
L v
Idle

2. Select the sequence in "Signal Calculation > Results > View".

The "Signal Preview" confirms the configured pulse sequence with enabled PRI

stagger.
For detailed description of the provided settings, see Chapter 15, "Visualizing and

analyzing signals", on page 284 .
To create and apply a frequency agile (frequency hopping) pattern
1. In the "Sequence" dialog, select "IPM" to open the "IPM" dialog.
2. Select "Frequency Agile".

A new IPM profile is created, automatically named and assigned to the "Frequency/
Offset" parameter.

3. Configure the parameters, for example, as shown on the following figure.
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| = IPM: My_TestScenarios - PSR_FHaps & _ 0% | = Edit List S _x
~
PSR_FHops = BEE T c- B
Comment | 1212350 kHz, F2=11140 kHz, F3=3050 kHz with pseudo- No Value
random pattern
1 1225 M
2 11.4M
Unit of Affected E H y 3 9.05 M
Parameter requency [Hz]
Profile |Random List ~| 2D
Burst Length 3 [ ]

Burst Period 1ms
v/ Avoid Reuse

List...

4. Use the 2D view to display the configured pattern.
See also Figure 8-7.

5. Observe the "Sequence" dialog.

The sequence configuration settings confirm the configuration.

= HERE@ ~F 87 a v +
No Nesting | Element Type Pulse fWaveform Settings | Repetitions | Settings 1PM Marker | AFreq | Dlevel | Phase PRI Delsy

R < > Pulse L - rd 30 : 4 & #13 |var 0dB 0* 1ms os

6. Use the "Signal Preview" dialog to visualize the generated signal.

See also:
e "To visualize the impact of the IPM profiles" on page 164

The signal will hop the three frequencies according to a pseudo-random pattern.
Each hop frequency is used three times.

To create and assign a PRI Jitter

There is a dedicated function for creating PRI Jitters, the "PRI Discrete Jitter" in the
"IPM" dialog (see also "To create and apply a frequency agile (frequency hopping) pat-
tern" on page 164).

In this example, however, we create manually a randomly varying IPM profile with 20
different values. Within 20 ms, the PRI varies in the range 1.1 ms to 1.15 ms.

1. Create an IPM Profile that uses "Profile > Random" and, for example, a "Distribu-
tion > Uniform Distribution".
See also "To access the IPM profile dialog" on page 160.
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lll TPM: My_TestScenarios -> My_PRI-Jitter (]
My_PRI-Jitter

Comment

random: 1.1-1.15ms

Unit of Affected

Parameter Time [5] v
Profile  |Random v | 2B
Distribution  |Uniform Distribution W

Minimum 1.1ms
Maximum 1.15ms

Step 2.5us

2. Select "2D" to visualize the function.

3. Open the required sequence. Assign the IPM profile to a pulse train.
See "To create and apply a frequency agile (frequency hopping) pattern”
on page 164.

To vary pulse parameters simultaneously

We assume, that a PRI jitter has been configured and applied to a pulse train, as
described in "To create and assign a PRI Jitter" on page 165.

To apply a second variation, for example a PW jitter, perform the following:

1. Create an IPM Profile, for example as shown on the following figure.

all PM: My TestScenarios -> My_PW-Jitter =0 | il edit List ==
My_PW-Jitter = ®2E T E
Comment No Value Repetitions
1 100.101u 1
2 100.099u 2
Unit of Affected

Parameter | TMe [s] v 3 100,101 u 1

4 100.09%u 1
Frofile |List v| 2D
ListBase |Repetitions
List...

Configured is a pulse width (PW) pattern with five values.

2. Open the required sequence.
Assign the IPM profile to the same pulse train as the PRI Jitter.
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Lk IPM: Line Item 1 ==
-~

= E;é? Add Custom EE Delete

Source @ Profile

5 : My_PRI-Jitter V| =
My_PRI-Stagger Timing /PRI g
Variable
IPM ) )
v My_PRI-Jitter Timing/Pulse Width

Target @ | Timing/Pulse Width

Variable

Transformation

)

Repetiton @  Individual values

Each pulse from a set of repetitions uses
a new IPM value,

Identical values

All pulses from a set of repetitions use
the same value.

Restart Restart IPM for this ine item

Reset random generator

Tip: You can vary one pulse parameter with more than one profile, see Figure 8-11.

Configured is a pulse train, consisting of 20 pulses, each with different PRI value.
The PW pattern is applied on five consequent pulses and is repeated four times.
In this example, the PRI varies in the range 1.1 ms to 1.15 ms; the PW between

100.101 us and 100.099 us.

To use variables to describe parameter variations

In this example, we create a sequence of two pulses P1 and P2 that are included in a
loop. We use an IPM step profile that creates ten values within the range -10 dB to 0
dB.

We assign this IPM profile to the loop and use it to create and vary a variable. This
variable in turn is the source for the variations of the two pulses, included in the loop.

1. Create two unmodulated pulses with pulse width of 10 us.

2. Create a sequence with the following settings:

Sequence Description

=S| BRE T L F « S
Ne Nesting | Element Type Pulse/Waveform Settings | Repetitions IPM | Marker | AFreq | Alevel | Phase PRI Delay
1 < > | Loop v 10 PM
2 < > | Pulse “ Pulse 1 vl |1 Tl | M 1234 0 var 0= Wus | Os
3 < > |_ Puise ~ Pulse 1 vl |1 Tl | PM 12340 oMz ver 0 Wus | Os

3. Create a step profile with the following settings:

User Manual 1179.3873.02 — 06 167



R&S®PPULSE-K32/-K39 Defining and enabling inter-pulse modulation effects

How to create IPM profiles and vary pulse parameters

lll 1PM: My TestScenarios -> IPM1 55
IPM 1
Comment
Unit of Affected M "
Parameter |ONC
Profile |Steps v | 2B
Start a

Increment | -1
Steps 10
Burstlength | 1 [ ]

Burst Period 1 ms

4. Assign the IPM profile to the loop item.

a) Select "Target > Variable".
b) Set the variable name.

“LF IPM: Line Item 1

>l

= n_;f? Add Custom EE' Delete

Source ‘@ Profile

PM 1ot IPM 1 v
| PM 1 L P

Variable

Target None =
® variable

LevelSteps

Transformation

jity]

Repetiton @  Individual values

Each pulze from a set of repetitions uses
a new IPM value.

Identical values
All pulses from a set of repetitions use

the same value.

Restart Restart IPM for this line item

Reset random generator

5. For both pulses:

a) Assign the created variable as a source of the IPM variations.
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b) Setthe "Target > Level > Offset".

S IPM: Line Item 2 [=]
~
— sy i
= Bt Add Custom = Delete
Source Profile
Variable IPM 1 v| =
[Yy Levelsteps Level/Offset
® Variable
LevelSteps

Target @ | Level/Offset

Variable

Transformation

)

Repetition @  Individual values

Each pulse from a set of repetitions uses
a new IPM value,

Identical values

All pulses from a set of repetitions use
the same value,

Restart Restart IPM for this line item

Reset random generator

6. Only for "Pulse 2", type into "Transformation f(x)" x -70.

7. Assign the sequence to a scenario.
Calculate the waveform.
Open the "Signal Preview" dialog.

The display confirms that the level of "Pulse 1" decreases from 0 dB with step of 1

dB.
The level of "Pulse 2" follows the same pattern but the level is 10 dB lower than the
"Pulse 1" level.
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9 Defining antenna patterns and antenna

9.1

SCANs

This section informs you about the antenna pattern types and antenna scan types pro-
vided by R&S Pulse Sequencer Digital. It also helps you select and configure a subset
of antenna characteristics as a basis for the emitter configuration and its different oper-
ating modes.

Overview of the main antenna parameters

Transmitting antennas are elements that radiate energy. Energy emitted in a particular
direction is referred to as a beam or lobe. The direction in which the most energy is
radiated is the main beam or main lobe (see Figure 9-1). Energy radiated energy in
other directions (i.e. not in the main lobe) forms the side lobes and the back lobe.

The beamwidth is a key parameter. Beamwidth is usually defined as an angle. The
angle is measured at the transmitting antenna (centered on the beam-axis) as shown
in Figure 9-1. The value (e.g. 5°) indicates the angle at which the power of the beam is
50% (3 dB) lower than the peak power on the beam-axis. This angle is referred to as
the half-power beamwidth (HPBW).

Figure 9-1: Main characteristics of an antenna

Main lobe/bream = The region around the direction with maximum radiation

Side lobes = Energy radiated in undesired direction
Sa = Angular resolution
O (theta) = Antenna beamwidth or the -3 dB angle, defined by the half-power (HPBW)

Antenna pattern

Antennas of different type and with different purpose use wider or more directed
beams, for example pencil beams have a typical HPBW of about 2 deg.
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The R&S Pulse Sequencer Digital provides a wide range of commonly used antenna
patterns, such as parabolic, cosecant squared, or planar phased array antennas.
Moreover you can:

® Adjust the antenna pattern settings to simulate, for example, a directive antenna
that concentrates the radiated energy in a particular direction

® Simulate a back lobe pattern

® (Create a custom antenna pattern based on the required antenna characteristics
(see "To create a custom antenna pattern based on the required antenna charac-
teristics" on page 211)

® Import your custom antenna pattern
(see "To import a user-defined antenna pattern from file in one of the predefined file
formats" on page 212 and "To import an antenna pattern file in custom file format"
on page 215)

® Design your phased array antenna

® Visualize the antenna pattern on a 2D and a 3D preview, see Figure 9-12.

Antenna scan

Antenna scans describe the movement of the antenna beam in three-dimensional
space. A conical scan, for example, is a movement where the beam points in the direc-
tion of the target and is rotated in a circle. The half-power points of the beam draw a
circle.

The R&S Pulse Sequencer Digital provides a wide range of commonly used antenna
scans, such as a raster scan, helical scan, or conical scan. You can also:

® Adjust the antenna scan settings

® Visualize the configured antenna scan on a 3D preview

® Design your antenna scan

® Observe the signal received by a receiver for a particular antenna pattern and
antenna scan configuration

See:
"Received signal amplitude" on page 259
"To visualize the signal received by a static receiver" on page 234

Antenna polarization and polarization loss

The polarization of an antenna describes the orientation of the electric wave radiated
by the antenna. Polarization can be constant, or it can rotate with each wave cycle.

The Table 9-1 gives an overview and a short description of the supported polarization
types.

Table 9-1: Polarization types

Polarization Type Short description

Vertical (V) Linear polarization | The electrical field is vertical to the propagation direction (y-
axis).

Horizontal (H) The electrical field is horizontal to the propagation direction (y-
axis).
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Polarization Type Short description

Circuit right (CR) Circular polariza- The electrical field rotates clockwise (CW) relative to the propa-
tion gation direction.

Circuit left (CL) The electrical field rotates counterclockwise (CCW) relative to

the propagation direction.

Slant right (SR) Linear polarization | The electrical filed is rotated at 45° from the vertical case.

Slant left (SL) The electrical filed is rotated at -45° from the vertical case

The theoretical maximum received power is achieved if the transmit and the receive
antenna are co-polarized and aligned. That is, if the antennas at the emitter and the
receiver both use the same polarization and point to each other. If the antennas use
different polarizations, the received power decreases. The polarization loss is given by
the ratio of the received power to the maximum power. Theoretically, if the transmit and
the receive antennas are cross-polarized, the polarization loss is infinite. In practice,
however, this value is not reached. In this implementation, the polarization loss value
used if the antennas are cross-polarized is a user-definable value.

Table 9-2 lists the polarization loss for any combination of transmit and receive antenna
polarizations.

Table 9-2: Polarization loss values depending on the different antenna combinations

Polarization of the transmit Polarization of the receive Polarization loss [dB]
antenna antenna
Vertical (V) Vertical (V) 0

(co-polarized antennas)

Horizontal (H) -0

(cross-polarized antennas) (As set with the parameter Maxi-
mum Attenuation for Antenna
Cross Polarization)

Slant right (SR) or -3
Slant left (SL)

Circuit right (CR) or -3
Circuit left (CL)

Horizontal (H) Horizontal (H) 0

(co-polarized antennas)

Slant right (SR) or -3
Slant left (SL)

Circuit right (CR) or -3
Circuit left (CL)

Circuit right (CR) Circuit right (CR) 0

(co-polarized antennas)
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Polarization of the transmit
antenna

Polarization of the receive
antenna

Polarization loss [dB]

Circuit left (CL)

(cross-polarized antennas)

=00

(As set with the parameter Maxi-
mum Attenuation for Antenna
Cross Polarization)

Circuit right (CR) or
C