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Version Date By Comment
140 2012-04-02 JJIN Editorial changes
141 2012-05-02 LR Added diagnostics and self verification
142 2012-06-18 LR Status bar description

143 2012-08-02 JIN Improved Height, Offset & Setback description
144  2012-09-12 MKB Specific Self-Verification test information

145 2012-12-07 JIN Added advanced MOT parameter description
146 2013-08-22 JIN Updated dialog screenshots

1.47 2014-08-27 AJS Added calculate muzzle velocity section

1.2 Disclaimer

WinDopp is limited to operating fixed head antennas only and to process
data without measured angular information (single channel). DAT or
WRK files containing data from a radar system capable of measuring
azimuth or elevation angles are not supported.

Any description or example in this document showing angular information
or parameters derived from angular information does not imply that
WinDopp is capable of processing or generating such information.

1.3 References
[1] “IS-3129: WinDopp External Control Interface”. Weibel Scientific A/S.

1.4 WinDopp Background

WinDopp is a Windows program, running on the Instrumentation Controller, IC-700. It
replaces the RemDopp program. It provides a wide range of tools supporting the complete
muzzle velocity radar measurement process: mission planning, alignment and calibration,
instrumentation setup, online measurement control and post processing & analysis. An
overview of these tools is found in the following sections.

WinDopp is intended for fixed head antenna operation only and does not support the data
files originating from a tracking radar system, see Disclaimer (page 2). Processing of data
files containing angular information requires WinTrack.

While most radar systems are equipped with a local user terminal, the full operator and
control interface is only available through WinDopp. The instrumentation setup and online
control provides full access to the features of the radar connected.

The system uses TCP/IP, USB, or serial link for the interface between the MVR and the
Instrumentation Controller, see Set-up Communications (page 7).

The WinDopp program displays the results on a graphical display during the measurement,
and can, in post processing generate several graphs to a connected printer.

The program is activated from the Windows desktop, click on the WinDopp icon to start the
program.

2 Weibel proprietary UG-2624 1.47
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1.4.1 Mission Planning
WinDopp provides a number of tools that support the mission planning and preparation
process:
WinDopp Tool Task
Work with Coordinate  Find a good location for the radar and configure
Systems (page 31) approximate positions of the radar and the
launcher.

Work with Coordinate  Identify suitable reference points and prepare
Systems (page 31) coordinate settings.

Predict the Trajectory  Check the line of sight to the target throughout
(page 23) the measurement.

Predict the Trajectory  Check that the signal to noise ratio is sufficient
(page 23) for the measurement.

Import Meteorological  Predict the effects of the local meteorological
Data (page 26) conditions.

Radar and Processing Configure the radar and how data is saved after
Parameters Overview each measurement.
(page 49)

1.4.2 Alignment & Calibration

The following WinDopp tools support the radar alignment and calibration process:

WinDopp Tool Task

Work with Coordinate = Configure the actual positions of the radar and
Systems (page 31) the launcher.

1.4.3 Instrumentation Setup
The following WinDopp tools configure the communications and the radar connected:
WinDopp Tool Task
Set-up Configure link types and baud rates.
Communications
(page 7)
Customize File Prepare directories for measurement data.

Locations (page 13)

Radar and Processing Configure the radar and WinDopp for making
Parameters Overview measurements.
(page 49)

144 Online Measurement Control

Muzzle velocity measurements are controlled through the Measurement Control panel, see
the Measurement Control Overview (page 63) section for further information.

UG-2624 1.47 Weibel proprietary 3
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1.4.5 Post Processing & Analysis
The following WinDopp tools perform post mission data processing on DAT files and
analysis on work files and assist the measurement report generation:
WinDopp Tool Task
Draw a QDTI/DTI Plot  View the Doppler-Time-Intensity plot.
(page 103)
Draw an ST Plot View the Signal versus Time plot.
(page 110)
Detect Single/Multi Perform the object tracking algorithm to identify
Object Tracks (page potential target tracks in the signal.
112)
Open a WRK File Process the potential tracks and perform further
(page 163) analysis.
1.5 Install and Run WinDopp
1.5.1 Minimum System Requirements
The computer to run WinDopp shall as a minimum meet the following requirements:
» Operating system: Windows XP 32-bit, Windows XP 64-bit, Windows 7 32-bit,
Windows 7 64-bit.
» Memory: 2Gbyte or more
» CPU: 1GHz or more
> Disk space: 100Gbyte or more
1.5.2 Install WinDopp
To install the application:
1. Locate the file WinDoppSetup.exe and double click it.
2. Change the destination folder if needed or use the default directory:
Destination Faolder
’VE:'\WEiI:uEI'\WinDDpp Browse. .. |
3. Follow the instructions given by the installation program.
1.5.3 Insert the Dongle
Insert the WinDopp license dongle in the computer where WinDopp is installed and used.
1.54 Start the Application
To start the application, locate the WinDopp icon on the desk top and double click it:
4 Weibel proprietary UG-2624 1.47
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1.6 WinDopp Navigation

1.6.1 Menu Bar

The Menu Bar provides access to most functions available in WinDopp. Some of the
functions require that an external device is attached.

File | Seszion Toolz Option: Measurement Window | Help

The following menus are available through the Menu Bar.
Menu Item Function

File Perform various file operations, including load
and save work and command files.

Session Various functions related to the current session
and the Session Manager.

Tools Various application tools i.e. the single
command panel and Terminal window, used
when checking or modifying parameters not
included in the windows interface.

Options System control options i.e. Communication port
setup.
Measurement Various functions related to the measurement
process.
Window Control the Graph Area layout.
Help Activate the on-line Help or see the version
number.
1.6.2 Tool Bar
The Tool Bar provides quick access to the most frequently used functions.
Menu Item Function
: Open and save various files e.g. parameter
e ™ e 9P

settings or analysis results.

% = ,—ﬁ % Arrange the windows:
- Cascade all windows.
- Tile all windows Horizontal.
- Tile all windows Vertical.
- Close all windows.

Command terminal.

v

UG-2624 1.47 Weibel proprietary 5
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Menu Item Function
2 Main parameter control function.
=) Open Session Manager.
@ Show measurement control panel
Notes

» The Command terminal icon is only shown when the radar is connected.

Graph Area

The Graph Area is where data is presented to the operator as curves or plots. It is also
used for editing the data set, e.g. removing data points from the analysis or adding data
points to a track.

To use the graph area when post processing data, see Work File Tools and Windows
(page 164).

Status Bar

The Status Bar provides an overview of the status of the external units.

Status bar Item Function
C\Data Current work directory.
Device status.

In case a warning or error has been detected
this indicator will change color. Hoover mouse
on top of the device status indicator for more

information.

Example: )

— Systern Verification Test Meeded i:jl
L

Green = OK, red = error, yellow = warning, grey = not available/not used.

Notes

» The green color indicates that no errors have been detected in the
main system components.

» The status will turn yellow if a warning is detected.

» The status will turn red if an error is detected.

<« End of Chapter »

Weibel proprietary UG-2624 1.47
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2 Initial Setup &
Configuration

21 Set-up Communications

W Weibel Remate Doppler System - 0ffiine Mode [ o |
Fis | Took Deiors Mesousnent Wirdow | Hel

] ; D 28

To configure the WinDopp communications interfaces:
1. On the Options menu, click Communications Setup.
2. Enable the W box.

3. Select the Transfer Mode:
RS-232/422: Serial link
USB: Universal Serial Bus.
TCP/IP: Ethernet
GPIB: General Purpose Interface Bus

4. Use the Default settings for the serial interface or enter your own
settings.

5. Use the Reset Drivers button in case of communication problems,
see notes below.

Click Apply to use the configuration.

Optionally, add more devices by clicking on the “+” tab.

UG-2624 1.47 Weibel proprietary 7
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See below for further information.

I |
Communication Setup
Configuration: E
(IF w =
1]
#
S ettings |
+
~ Transfer Mode
= Mptical Link i~ TCRAR
i~ RS-232/422 i~ GPIB
= LISE
— USB Configuration
IDireu:t 5B connection j
Rezet Drivers | Drefault |
]S
The following USB Configurations are available:
Use If you want to
Direct USB Connect directly to a W-700 that has a built-in
connection USB interface.
Link - USB adaptor Connect to a W-1000/W-1000i through an 10-
(W1000/W1000i) 1000 Link-USB adaptor.
Link - USB adaptor Connect to a W-700 through an 10-1000 Link-
(W700) USB adaptor.
211 Setup Multiple devices

Click on the “+” tab on the right side to add more devices, if required.

Each device has its own communication settings. Switch between the devices by clicking
on the individually device tabs.

Right-click on a device tab to rename or delete a device:

Rename

Delete

Notes:

» Click on the Apply button to check the communication to the unit.
Click OK when satisfied to store and use the selected communication

port.

8 Weibel proprietary UG-2624 1.47
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» When using an SL-xxxxPC or SL-xxxxPBC antenna (containing a
Belkin Network USB Hub) it is important that the Belkin
ControlCenter application is running (and connected) prior to
WinDopp.

The Belkin Software Installation can be found in the WinDopp driver
folder.

The default IP address for the antenna is 192.168.0.92 — so make
sure the notebook/workstation (running WinDopp and the Belkin
ControlCenter application) uses another IP address than this, eg.
192.168.0.94.

Be advised that changing the IP address or other system
configurations might need a full restart of the system (including the
antenna and notebook/workstation).

For Windows 7 operating systems the Windows User Account
Control setting (Control Panel - User Accounts - Change User
Account Control settings) needs to be set to minimum.

» When using the Weibel I0-1000 Link - USB adaptor one of the last
two USB configurations must be selected in accordance with the type
of analyzer (W-700 or W-1000).

» RS-232 baud rates: 1200, 2400, 4800, 9600, 19200, 38400, 57600.

» RS-422 baud rates: 100000, 115200, 125000, 230400, 250000,
500000.

» When using a USB COMI device uncheck the “Set baud rate in
device” and make sure to select the same baud rate both in WinDopp
and in the Analyzer.

Use the following settings when using USB COMI:
RS232/422 on

COMPORT: (see Windows Device Manager)
Baud Rate (RS422 baud rates)

Aaaptor Type to Standard
Uncheck ‘Set baud rate in device’

» Click on the Reset Drivers button in case of communication
problems. For instance if using a USB connection and the unit gets
rebooted while WinDopp is still connected some Windows drivers
might hang. Use this button to reset the drivers.

2.2

UG-2624 1.47

Set-up IRIG synchronization

WinDopp supports a manual IRIG time synchronization feature (based on an external IRIG
unit) for antennas without a built-in IRIG/GPS.

To configure the WinDopp IRIG synchronization:

1. Make sure that the IRIG device is turned on and all necessary drivers
are installed.

2. On the Tools menu, click Customize and choose the Measurement
tab.

3. Select the “Enable IRIG synchronization” option.

Weibel proprietary 9
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4. Select the proper COM port. See note below.

5. Click OK to use the configuration.
i

Cnlorsl Font I File Locations  Measurement |Export| Miscellaneousl F'osl-F'rocessingI

[~ Faorce only certain number of channels to be saved when saving signal,

IB_ Channels

[~ Show auto displays when in auto-rearm mode
¥ Beep when amed

[¥ Enable IRIG synchronization - Port:
{only support for ORCA GS-101)

|m 'I v Timezone [v Daplight

Notes:

» This is not needed for antennas/analyzers which support IRIG
synchronization (e.g built-in GPS receiver).

» Only support for ORCA GS-101

» To find the proper COM port look in the Windows Device Manager
(Control Panel). The device will normally be shown as a “USB Serial
Port” in the “Ports (COM & LPT)” list group.
» Enable the Timezone option for compensate for local time zone.
» Enable the Daylight option for compensate for local daylight
(summer/winter time).
2.3 Customize the User Interface

A number of items in the user interface are configurable:

Group Function

Colors Background, graph components and text. See
Customize Colors (page 11).

Font All text output. See Customize Font (page 12).

10 Weibel proprietary UG-2624 1.47
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Group

File Location
Export
Miscellaneous

Post-Processing

Group
Measurement
Self-Verification

External Control
Interface

Initial Setup & Configuration

Function

Default location for work/data files and
command/configuration files. See Customize
File Locations (page 13).

Default formats for graphics output to file or
printer. See Customize Graphics Export (page
14).

Status bar, camera control, beep, auto open,
logging. See Customize Miscellaneous (page
15).

Additional post-processing options. See
Customize Post-Processing (page 16).

Function

Measurement settings: Channel saving settings,
IRIG synchronization settings. See Customize
Measurements (page 13).

Self-verification settings. See Customize Self-
Verification (page 19).

Enable/Disable the External Control Interface.

2.3.1 Customize Colors

To customize the colors in the user interface:

1. On the Tools menu, click Customize.
2. Click the Colors tab.

3. Select the graphical/textual Element to change.

4. Choose a new Color.

5. Click OK.

The following window appears:

UG-2624 1.47
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=

cu Sto mi e yo urs etti ngs Some changes may require the application to be restarted

Font I File Locationsl Measurementl Exportl Miscellaneousl Post-ProcessingI Video Hecordingl Selferficati 4 I i

Element: Caolor:

Flot B ackground

Plot Text

Plat Grid

Plat Fit

Misc. Line 1

Mizc. Line 2 _’7.

Misc. Line 3
Meas. Background
Meas. Text
Meas. Grid
Track Colars:
ﬂ - Unéssigned Resst |
Note

» The default color of tracks (shown in the work file view) can also be
specified.

» Use the Reset button to set all colors to default.

2.3.2 Customize Font
To customize the font used for text output:
1. On the Tools menu, click Customize.
2. Click the Font tab.
3. Select the font from the list.
4. Click OK.

The following window appears:

I =
CHStomlze Vour sett‘ngs Some changes may require the application to be restarted
| Colors File: Locationsl Measurementl Expoltl Miscellaneousl Post-ProcessingI Video Hecordingl Selferficat 4 I 1
MingLiU i
MingLil_HKSCS Is vI
MingLill_HKSCS-ExtB
MingLill-E «tE
Miriam
Miriarn Fixed
Mistral
Moderm
Modern MNo. 20

Mongalian B aiti
Monotype Corsiva
MoolBoran

M5 Gothic

M5 Mincho

M5 Dutlook —I
M5 PGothic

M5 PMincho

M5 Reference 5ans Serif

M5 Reference Specialt
v S e
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2.3.3 Customize File Locations

To customize the default file locations:

1. On the Tools menu, click Customize.

2. Click the File Locations tab.

3. Type the default Work Location or browse the directory.

4. Type the default Command Location or browse the directory.
5. Click OK.

The following window appears:

I £
Customize your settings ot e o Aol b
" Colors I Font Measurementl Expoltl Miscellaneousl Post-PlocessingI Video Hecordingl Self\erificati 4 I L2
“whork location:
[C¥wmibehidata =
Command location:
[Cwieibehomd I=
Notes

» The Work Location is where the following files are stored or loaded
from: DAT, WRK, and TRK.

» The Command Location is where the following files are stored or
loaded from: CMD, PRM.

234 Customize Measurements
To customize the measurements setup:
1. On the Tools menu, click Customize.
2. Click the Measurements tab.

3. Enable the optional measurement features you want.
4. Click OK.

The following window appears:

UG-2624 1.47 Weibel proprietary 13
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I £

Customize your settings

Some chonges may require the application to be restarted

.Colorsl Font I File: Locations

F Channels

v Beep when amed

COM2 =

[~ Farce only certain number of channels to be saved when saving signal.

[~ Show auto displays when in auto-rearm mode

[~ Enable IRIG synchronization - Paort:
(ondy support for ORCA GS-101)

¥ Timezone v Daylight

| Exportl Miscellaneousl F'ost-F'roc:essingl Yideo Recarding | Selft/erificati 4 I ’I

235

14

Enable

Force only certain

number of channels...

Channels

Show auto displays
when in auto-rearm
mode

Beep when armed
Enable IRIG
Synchronization

Port

Timezone

Daylight

If you want to

Force the system only to save a specific number
of channels, starting from channel 1.

Number of channels to save in case the above
option has been checked, starting from channel
1.

Show the auto displays after each measurement
when in auto-rearm mode.

Beep shortly when armed

Enables the system to use IRIG
synchronization. See Set-up IRIG
synchronization (page 9) for more information.

The COM port used for IRIG synchronization.
See Set-up IRIG synchronization (page 9) for
more information.

Time zone compensation used for IRIG
synchronization. See Set-up IRIG
synchronization (page 9) for more information.

Daylight compensation used for IRIG
synchronization. See Set-up IRIG
synchronization (page 9) for more information.

Customize Graphics Export

To customize the default print and graphics export settings:

1. On the Tools menu, click Customize.
2. Click the Export tab:

Weibel proprietary
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i F.

Customize your settings

Some changes may require the application to be restarted

Co\ors' Faont | File: Locationsl Measurement E*PE"[I Miscellananus' Post-F’rDcessingl “ideo Recarding | Selferficat 4 | ¥

[ Export Setting: Print Setting:
v Include header ¥ Include header
v Include footer v Include footer
—Blt.map S.u B LeesTinton
“width [pix] 1024 [7 ‘Weibel logo
Height [pix] 768 Additional log:
rEnhance Metafile Size—————————————— I EH‘I
“w/idth [rm] 400
Height [mm] 270

3. Change the graphics and print options/parameters.

Notes

» The Export tab is only for exporting pictures and not for exporting data.
» The Bitmap Size applies when exporting to the BMP or PNG file format.
» The Enhance Metafile Size applies when exporting to the EMF format.
>

These settings affect the plots produced using the Print or Export Track
Graphics (page 172) feature.

2.3.6 Customize Miscellaneous
To customize miscellaneous setup parameters:
1. On the Tools menu, click Customize.
2. Click the Miscellaneous tab.
3. Enable the miscellaneous features you want.

4. Click OK.

The following window appears:
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I
Customize your settings

WEIBEL

DOPPLER RADARS

£

Some changes may require the application to be restarted

.Colorsl Font I File Locationsl Measurementl Export

[ Sustent monitoring i statusbar

[T | Camera cantral

v Beep on completion

I | Showddvanced furctionalio

[~ Log communication ta file [log.tt)

v Shaow W aming before closing application

[T Auito open first flein file list on program start

I~ Show angles in rils

Post-ProcessingI Video Recording | Selfernficat 4 I 'I

Enable If you want to
Beep on completion Hear a sound whenever a task is completed.

Log communications to  Save all communications to a file. Only for
file (log.txt) debugging purposes.

Show Warning before Confirm that the application is closed.
closing application

Show angles in mils Choose to show angles in mil instead of
degrees. This is only supported in certain
dialogs/windows.

Notes

» Options shown in grey are not available in the current application.

Customize Post-Processing
To customize post-processing setup parameters:
1. On the Tools menu, click Customize.
2. Click the Post-Processing tab.
3. Enable the post-processing features you want.

4. Click OK.

The following window appears:

Weibel proprietary
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I £

Customize your settings

Some changes may require the application to be restarced

[~ Enable MOT Preview Options
[~ Remember FFT Parameters

¥ Use Time Tags

¥ Enable Accuracy Graphs
+-105  sec. |1 zigma

[ Display MOT debug information

'Eololsl Font | File Locationsl Measurementl Exportl Mizcellaneous

[ | Continuous azimuth data for &l aenerated fracks

¥ lgnare Time Offset between WRE- and DAT file

™ Use track-color when drawing fits
¥ Use Ballistic/Geometric Parallax Compensation method

[ Use Hemmite interpolation for synthetic DAT files

Yideo Recording | Selfenficati 4 I 1

Active hansformations——

] Mount madel
[ Reference paint
] IMU

[] Refractian
[[] Reference time

Enable

Enable MOT Preview
Options

Remember FFT
Parameters

Continuous azimuth
data for all generated
tracks

Use Time Tags

Ignore Time Offset
between WRK- and
DAT- file

Enable Accuracy
Graphs

Display MOT debug
information

Use track color when
drawing fits

Use Hermite
interpolation for
synthetic DAT files

If you want to

Visualize additional information when
previewing results from the Track Control
Window (see Use the Track Control Window

(page 114)).

Make the Process Setup form remember the
FFT Parameters of the last processing (see
Configure the FFT Parameters (page 98)).

All tracks generated from dat files using the
SOT/MOT processing functions get continuous
azimuth angles.

Synchronize all post-processing operations on
a DAT-file with the time tags stored in the file.

Ignore the possible differences between the
MEASTIME information of the WRK-file’s
ONLINE_INFO entry and that of the DAT-file
header. Always recommended if the system is
known to be synchronizing via a hardware
trigger signal.

Enable the feature of showing accuracy graphs
using the specified time interval and the sigma
value. See Accuracy of a Data Point versus
Time (page 18) or Accuracy of a Data Point
versus another Data Point (page 19) for further
information.

Display debug information during MOT
processing.

Use the same color as the track points for the
fit line.

Use 5" order Hermite interpolation to
interpolate the trajectory data when generating
synthetic data files.

Weibel proprietary
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Enable If you want to

Use Ballistic/Geometric Use alternative method for fitting in the
parallax compensation launcher coordinate system, see Select Fitting
method Mode (page 181).

Notes

» Please close any open DAT file and re-open it for the parameter
changes to take effect in the following processing. Please refer to
Open a DAT File (page 91).

» Activating a transformation in Active Transformations will not
override any status previously saved. It only applies to newly created
groups.

2.3.7.1 Accuracy of a Data Point versus Time

In this case we look at a measured parameter versus time, x(t). This may be radial velocity
or a number of other parameters.

To estimate the accuracy of a specific measured data point, x(tm), the following is done:

1. For each data point, x(t), in the time interval [tm-T, tm+T], where T is defined by
the user (see Customize Post-Processing (page 16)), do the following:

a. Calculate the difference between the measured and the fitted value.
b. Square this value and multiply it by w(t)=(1+cos(pi*(t-tm)/T))

2. Calculate the sum of the values from step 1 and divide by the sum of the w(t)
values to get the weighted average.

3. Calculate the square root of the value from step 2 to get the estimated standard
deviation, sx(tm).
To estimate the accuracy of a specific fitted data point, xf(Tm), the following is done:

1. For each of the N measured data points, x(t), in the time interval [tm-Tobs/2,
tm+Tobs/2]:

a. Calculate the square of the estimated standard deviation, sx(t).
Tobs is the fitting observation time, see Change the Fit Parameters (page 187).
Calculate the average of the values from step 1 and divide by N.
3. Calculate the square root of the value from step 2 to get the estimated standard
deviation of the fitted data point, sf(tm).
Notes

» Itis recommended that the value of T is chosen to match the dynamics of the signal
strength variations as seen by a close inspection of the SNR plot.

Look for the fastest change in SNR and note how long it takes to rise/fall 3dB and set
T equal to this value. If T is chosen too large, the fastest variation in SNR will not be
shown in the accuracy estimate. If T is chosen too small the accuracy estimate is
going to be very noisy (unreliable) itself.

» This method is based on both the polynomial fit (see About Polynomial Fitting (page
192)) and the data points surrounding the data point of interest. It is assumed that the
polynomial fit does not have substantial bias errors in the time interval. This means
that the polynomial order and Tobs match the dynamics of the parameter measured.

» When the accuracy is plotted it is shown relative to the fitted value, which is our best
estimate for the average value for that point in time.
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» Increasing the FFT length and thereby the observation time, Tobs, improves the
accuracy of the measured data points. The fit however has fewer measured data
points when we keep the fit time and the FFT overlap constant. This is because the
time distance between measurement points increases. Therefore the accuracy of the
fitted result does not generally improve with an increased Tobs.

Increasing the overlap beyond 50% yields more measured data points, but as the
noise contribution is strongly correlated the averaging gain is limited.

Accuracy of a Data Point versus another Data Point

Other plots show a measured parameter versus another measured parameter which are
both functions of time, (x(t), y(t)), for example the ground track of the target. Instead of an
accuracy interval we get an accuracy area indicating the uncertainty of the measurement.

To estimate the accuracy area of a specific measured data point, (x(tm), y(tm)), we find the
accuracy of x(tm) and y(tm) independently, see Accuracy of a Data Point versus Time
(page 18). The 1 sigma accuracy area is defined by the ellipse with major axis (sx(tm),

sy(tm)).

To illustrate the accuracy of such a plot we show a hatched area which is the unification of
the accuracy areas associated with each of the data points in the plot.

Ground Track {(UTM)
Harthing [UT] [m]

6136530

E196570 1

E1396560 1

6136550 1

6136540 1

E136530 1

E196520 1

£136510 1

6136500 . ' .
337575 337800 337625 337ER0 337E7S

E azting [UTH] [m]

Notes

» When the accuracy ellipse is plotted it is shown relative to the corresponding fitted
(x,y) value, which is our best estimate for the average value for that point in time.

Customize Self-Verification

To customize the Self-Verification parameters:
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1. On the Tools menu, click Customize.
2. Click the Self-Verification tab.

3. Setup the options you want.

4. Click OK.

The following options will appear on the Self-Verification tab:

I i
Customize your settings S

lication to be restarted

External Con 4 I 4

File Locationsl Measurementl Exportl Miscellaneousl F'ost-F'rocessingI Wideo Recording

Option: Enable Expire Check
I~ Check at Startup/Connect E i S s |24—

Options:
Option Description
Check at Allows the system to check (at startup and
Startup/Connect connect) if a new self-verification test is
needed. See Automated Self-Verification Test
(page 89).
Expire options:
Option Desciption
Enable Expire Check Enables self-verification tests to expire after a
certain time.
Expire after (hours) Specify after how many hours a self-verification

test will expire.

Notes

» For more information regarding Self-Verification tests, please refer to
section Perform a Self-Verification Test (page 87) and Automated
Self-Verification Test (page 89).

2.3.9 Customize External Control Interface

To customize the External Control Interface:

20 Weibel proprietary UG-2624 1.47



WEIBEL
DOPPLER RADARS Initial Setup & Configuration

1. On the Tools menu, click Customize.
2. Click the External Control Interface tab:

=)
Customize your settings e
Eﬂlnls} Font I File Lﬂcatmns] Measulemenl} Expnrtl Miscellaneous | Post-Processing {Extemnal Contro\\nterfacefl

Extemnal Control Interface

[~ Enabled

TCPAP Server Port: (3000

3. Change the options/parameters.

Please refer to [1], 1S-3129 WinDopp External Control Interface document, for further
information.
Notes

» The External Control Interface enables third-party applications to
communicate with WinDopp for controlling and setting up system
parameters.

<« End of Chapter »

UG-2624 1.47 Weibel proprietary 21






WEIBEL

3

Mission Planning

Mission Planning

3.1

UG-2624 1.47

Predict the Trajectory

In order to prepare the radar system before the first measurement you need a rough
estimate of the trajectory you are going to measure or at least a few key parameters. The
trajectory prediction tool provides the information needed to set up the radar system.

It also gives you an indication of the signal quality you can expect from the measurement
taking the antenna system and position, the estimated radar cross section of the object,
and the range into account. The graphics also illustrates how the target enters the radar
beam.

The prediction results are stored in a WRK file, and can be viewed in the normal graphical
outputs; here you can find the required initial delays and intercept angles to ensure safe
acquisition.

Based on the simulated data, the optimum location of the radar relative to the launcher and
the test objectives can be found.

To predict a trajectory:
1.  On the Measurement menu, click Prediction.
2. Enter simulation parameters in the prediction form.

3. Click OK to calculate the trajectory and optionally save the results.
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k|
Prediction Generator
Object Type: [~ Add To Existing Workfile: Erowse... |
IF'rDiBCl”B j [~ Create Angle Profile
[~ SaveTrajectory Data: Browse...
) Main | (7] Projectie |
Misgion: Sirnulation Parameters:
Iy I Simulation Data Sanple Period: I 100 ms
Mumber: I 1 Max. Mo, of Samples: I B0000 ) samp.
Simulation Step: I 1 ms
rantenna Parameters:
Anterina Type: Coordinate Systems:
Transmizsion Power: I 05w D aturn: WiESH4
Gair: | 20 dB UTM Zore: 33
Elew. Opening dngle; I 200 deg
_ : Coordinate Systern Definition
Azim. Opening Angle: I 100 deg
Moize Factor: I 7 dB
Tranzmizsion Frea.: I 10525 GHz
Obszervation Time: I 100 ms
[~ Measurement Errors
[~ Antenna supports variable opening angles
Abort )4 Cahicel
Notes
» The prediction form supports projectiles, rocket assisted projectiles
The Projectile tab is always visible.
(7] tdain
—Simulation Type: —Launch P, b
ol e Ay Launch Speed: I 300 mis
Flintd Tine: I O Elevation &ngle: I 45 deg
Rlanges [ 0 Laurnch Time: [Tzan03808 UTC
Inpact e | | Launch Date: 2035 =
Fit Precizion: 005
—Projectile Tupe:
{* Impact at AIElip: I 0 m Rt
" Time after launch: I 0 = & Measured: 88 o
= From Simulatian
—Meteorological D ata:
o Ll Caliber: 762 mm
Air Temperature: I 17 °C
wind Bearing: I 0 deg —Balliztic Data:
“wind Speed: I 0 mis & Defaul
= From Simulation
" From File: Browse... | '@ i it 4|Bmwse...
The Rocket-Assisted tab appears when the Rocket-Assisted
Projectile is selected from the Object Type drop down box.
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|

| 2

r—lgnition Parameters:

Ignitian Dielay: I B =

Burn Time: I 2 s

Wwieight Lozz at Ignition:l 0 Kag
—f+ Flight Specification:

Welocity Increase: I 100 mfs
—{" Rocket Specification:

T hust: I 10000 W

Frapellant wieiaht: I 0 Ka

The predicted radial velocity is useful when configuring the sampling
rate of the Analyzer.

The result is always saved to a work file called prediction.wrk, which
is automatically loaded into the Work File Viewer for inspection and
further processing.

The Prediction Generator calculates the maximum radial velocity as
seen from the radar. This value is multiplied by 1.20 (20% is added) to
get the recommended sampling rate.

It also calculates the flying time of the projectile and this value is
multiplied by 1.10 (10% is added) to get the recommended
measurement time.

The extra sample rate and measurement time ensure that all track
data is captured even if the muzzle velocity or trajectory is a little
different from the expected.

On the Main tab:

Configure the If you want to

Object Type Use a specific model for the object.

Add To Existing Workfile ~Add the predicted track to an existing workfile.

Create Angle Profile

Mission Planning

Create a preprogrammed elevation and azimuth angle profile.

This profile can be sent to the antenna pedestal to ensure

safe data acquisition.

Save Trajectory Data Save trajectory data to a TRJ file.

Mission

Simulation Parameters

Specify mission information, which is saved in the WRK file.

This information is shown on plots and provides easy

identification of the data.

Specify the simulation time step, duration and output sampling

rate. See Define Simulation Parameters (page 26) for more

information.

Weibel proprietary
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Configure the If you want to

Antenna Parameters Select a pre-defined antenna type from the drop down list to
fillin the antenna parameters. Alternatively enter the
parameters in the text boxes manually. It is not possible to
save your manually created list of parameters.

Coordinate Systems Define the position of the radar, the launcher and other fixed
points. Define the orientation of various coordinate systems.

On the Projectile tab:

Configure the If you want to

Simulation Type Specify the fit parameters and the impact condition.

Meteorological Data Specify the weather conditions according to the ICAO model
or Import Meteorological Data (page 26) from a file.

Launch Parameters Specify launch speed, elevation angle, and time.

Projectile type Specify the weight and caliber.

Ballistic Data Select the ballistic modeling data to be used in the

simulation. The “Point Mass” model is recommended.

On the Rocket-Assisted tab:

Configure the If you want to

Ignition Parameters Specify when the rocket is ignited, how long it burns and the
total weight loss at ignition.

Flight Specification Specify how much the velocity is increased during the burn
time.

Rocket Specification Specify how much thrust the rocket delivers and the

propellant weight.

311 Define Simulation Parameters

The Simulation step is directly related to the accuracy of the prediction. The optimum step
size depends on the details of the system and should always be assessed for any
unknown system. The preferred method is to gradually decrease the step size until no
further improvement is observed. For many ballistic systems the optimum step size will be
in the range from 0.1 to 0.01 ms. It is noted that decreasing the step size may increase the
computation time considerably. If the step size is chosen too low it may compromise
accuracy because of rounding errors.

3.2 Import Meteorological Data

The software can import a meteorological data file and compensate the calculated Drag
(Cd) for the actual meteorological conditions. Meteorological Data can also manually be
entered.
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To import a meteorological data file to be used for Trajectory prediction (see Predict the

Trajectory (page 23)):

Mission Planning

1. In the Meteorological Data section of the Projectile tab, select the From

File radio button and click Browse....

2. Use the Import Meteorological Data file browser to locate and open the

meteorological data file.

To import a meteorological data file to be used when working with work files (see WRK File

Processing (page 163)):

1. From the Ballistic menu, select the Meteorological Info menu option

2. Manually enter the values, or right click on the table listing to Load a

meteorological data file.

add (Ins)

Add Before
Duplicate

Delete (Crrl+Del)
Load

Save

These above options open the Edit Meteorological Data dialog:

ﬂ_i Edit Meteorological Data

"Wind Speed -
000 Height [m]
— Wwi-Morth
EOO0 Wi-E azt
— w-Total
5000
4000
3000
2000
1000
a
50 25 00 25 B0 75 100 125
Wind Speed [m/g]

7oan

£000

5000

4000

3000

2000

1000

Height [m]

BEF

— ‘wiAngle
Weapah

1]
00 75 B0 25

a

25 RO Y5 100
Wind dngle [deg]

Altitude[m] Pressure[mBar] | Temp[C] Hurnidity[]

250 1000.36 22975 0
580 371128 20.7295 0
10a0 327476 18.0567 0
15580 872933 14.4357 0

Impart....

WWnorth[rn/s]

7.60456
8.07354
857741
8.70344

ok

Weazt[m.'s]

|2

314391

334673

1.70817

0857214

Canhicel

Apply

1. Use the graphs to inspect the meteorological data and perform optional

adjustments using the table.

2. Edit the values by double-click on values in the table listing — or right click on

the table listing to bring up this menu:

UG-2624 1.47 Weibel proprietary
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add (Ins)

Add Before
Duplicate

Delete (Crrl+Del)
Load

Save

WEIBEL

3. Do the adjustments and click the Apply button to update the graphs with
new changes to the data.

4. Click Cancel to abort the import or OK to import the data to the current work

file.

Input File
Format

Weibel ATM
NATO METCM
NATO METB
NATO METTA
XonTech MET
Vaisala EDT
Vaisala SPF

Vaisala Text
Format

JDA MET

Extension Description
.atm from Weibel
from XonTech
.edt from Vaisala
.spf from Vaisala
from Vaisala

NATO STANAG No. 4082
NATO STANAG No. 4061
NATO STANAG No. 4140

from the Japanese Defense Agency

The system can import a variety of Meteorological data formats, and automatically detect
the data format from the file. The following formats are supported:

ATM, EDT, and SPF files are recognized on their file extension. The other file formats are
recognized by their content. If the system cannot determine the file format, the file format
needs to be manually selected from a list.

The Edit Meteorological Data dialog contains two graphs where meteorological

parameters can be displayed. In the combo boxes above the graphs:

Select
Pressure
Temperature
Humidity
Wind Speed

Wind Direction

Notes

» To load a different meteorological data file, while in the Edit
Meteorological Data dialog, click Import...

» The same six columns are always used in the table in the Edit
Meteorological Data dialog. If some of these data are not available in

To see

To the pressure as function of height.
To see temperature as function of height.

To see humidity as function of height.

To see the total wind speed together with the wind speed
components from the northern and eastern directions as

function of height.

To see the wind direction (where the wind comes from) as a

function of height.
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the data file, these values will be estimated from the available
information and the ICAO meteorological model.

3.3 Use the Command Terminal

The Command Terminal provides a simple text based command/response user interface
to the radar whether it is a Range Processor, a Tracking Controller, an Analyzer or an
MVR.

The Command Terminal is intended for debugging and low-level configuration, which is
outside the scope of this manual.

The command terminal allows you to enter commands.

To start the Command Terminal:

1. On the Tools menu, click Terminal.

2. Enter your command/request on the command line and click Send.
3. View the command and the response in the window above.
4

Click Close to exit the Command Terminal.

&l
Tracker - Terminal Execute commandfile |

In this example, the command “Time” was sent.
The answer was: “13:17:38” reflecting the actual time in the radar.

Notes

» The terminal has a command stack for the most recently used
commands; use the cursor keys [1] and [|] to scroll through the stack.
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<« End of Chapter »

30 Weibel proprietary UG-2624 1.47



WEIBEL

System Alignment & Calibration

System Alignment &
Calibration

4.1

UG-2624 1.47

Work with Coordinate Systems

WinDopp helps you manage the coordinate systems used throughout the measurement
and in the post processing of the data. While the raw measurement captured by the radar
is referred to the physical radar or pedestal, this is rarely a useful reference. WinDopp
converts the results from raw radar measurements to practically any coordinate system
needed.

Although the coordinate system setup should be done accurately in advance of the
measurements, WinDopp allows you to change the coordinate system definitions after the
mission is completed, if e.g. the accuracy of the survey is improved at a later stage.

Coordinate systems and positions of reference points are used in various contexts:

» Mission planning. Enter survey data. Calculate look angles and distance to the target.
Predict radial velocity, SNR and determine good range waveforms and target
acquisition method.

» Calibration. Point the radar at a test target with a known position and verify the
orientation and calibration values of the radar.

» Save measurement data. Save the Radar, Local and Launcher positions and
coordinate azimuth turn with the measurement data for post processing purposes.

» Edit measurement data. Change the position of the radar in the measurement data,
e.qg. if the originally used position turns out to be wrong. See View and Edit Positions in
a WRK File (page 38).

To configure the coordinate systems follow this step-by-step procedure:

1. Define survey points as user defined absolute positions. See Define an
Absolute Position (page 37).

2. Define the Radar, Local and Launcher positions relative to (or equal to) one of
the survey points. See Define a Relative Position (page 38).

The Radar position can be defined as an absolute position as well. Often the radar position
is actually established by measuring the position of a survey point followed by an offset
measurement of the radar reference point relative to the survey point. In this case let
Position Definitions Dialog add the two pieces of information.
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To view a sample configuration, see Coordinate System Example (page 45). For additional
information on the coordinate systems, see Coordinate System Conventions (page 39).

Notes:

» Due to the curvature of the Earth, the y-axis (pointing up) for the
Local, Radar and Launcher coordinate systems are not 100% parallel.

» To save the coordinate definitions in the WRK file after each

measurement click the Set as Default button.

411 Use the Position Definitions Dialog

The Position Definitions dialog shows a list of positions in a format chosen by the user.
The list of positions is the starting point for any update, change or inspection of the

positions and the coordinate systems.

To open the dialog from WinTrack:

1. On the Measurement menu, click Position Definitions.

Position Definitions

K

UTM Zone: 33
B WGS84 Geo A E Local XYZ {...default...) o | [ ]
Position | tattude | longitude | altitude (gliip) | X | ¥ z | mer | edit | are [Gomo]
Lacal et G5.89120805 1241569511 90.100m 0.000m 0.000m 0000m WGSBS e ©
Fladar et GBESIZOBDE 1241589511 50.100m 0.000m 0000m 0000m Local ¢ o
Launcher e DO.89120808 1241569611 90.100m 0.000m 0.000m 0.000m Local oo
— USER-DEFINED POSITIONS —
WTC pedestal 1003 5589120800 12.41563600 90.100m 0007 m 0.000m 0007m| wiss| 7 @ | © ©
Abs. Position 55.00000000  12.00000000 0000m G915 m 915838m | 2EE0LETTm| WESM| | @ © ©
£ Add New Paosition
| I~ showai | | [T Lat/Lonin DMS | Cancel I

The main part of the dialog is shown as a table where each line describes key information

about a position.

The columns are:
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Column Contents

Position The name of the Position.

First segment: The three positions, marked as Default, have fixed
names and cannot be deleted: Radar, Launcher and Local. These
three positions are converted to WGS84 and saved with future
measurement data.

Local Default
Fadar Default
Launcher Default

If the position dialog is opened from the Work file view then three
additional positions, marked as WRK-file, will appear: Radar,
Launcher and Local. These shows the positions saved in the Work
file as part of the measurement.

Lacal WRE-file
Radar WREile
Launcher WREile

If the position dialog is opened from the Prediction dialog then three
additional positions, marked as Prediction, will appear: Radar,
Launcher and Local. These shows the positions used for the

prediction.

Local Prediction
Radar Prediction
Launcher Pradiction

Second segment: the Peripheral Units shows the positions for the
peripheral units, defined by the user (if any).

— PERIPHERAL UNITS —
AT-2100 .
AT-2100 - LED Panel nit

Third segment: the Fixed Positions shows a list of fixed positions
saved in the radar (if any). These positions can be used in the position
dialog AND by keypads and other external devices.

Fourth segment: the User Defined Positions shows the positions
defined by the user (if any). These positions can ONLY be used in the
position dialog.

WGS84 Geo These columns show groups of coordinate values as chosen by the

Radar Polar user. In the above example two different coordinate sets are shown

etc. for each position. To configure this part of the dialog see: Define the
Coordinate View (page 34).

Ref. For an absolute position the reference system (datum). For a Relative
Position the name of the referred position is shown.

Edit Double click:

to edit the position, see Use the Position Edit Dialog (page
35)

D to delete the position from the list.
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Column Contents
RTP Only for tracking systems.
Goto Only for tracking systems.

To configure other parameters:

Click To

UTK Zone: 31 Change the UTM zone used to view and define UTM coordinates.
See UTM Zones (page 44).

™ Show Al Show all positions in the list (disregard the individual Show flag)

[T Lat/Lonin DS Show geographic coordinates in the Degree, Minute, Second
format.

Notes:

» An UTM zone is designed to cover a strip of 6 degrees in Longitude. If the position is
more than one UTM zone away from the selected zone then the UTM coordinates of

that position is not shown.

» Updates to the position definitions are stored in the default.pos file when the dialog is
closed with Ok. Click Cancel to discard the changes.

4111 Define the Coordinate View

The coordinate view is located in the Position Definitions dialog.

To add more coordinates to the view:
1. Right click the header row to get the Insert/Remove dialog

[T} position Definitions

Insert
z WE584 Geo
Remaove
Position Latitude | Longitude
I'amal RR AANANANTD 12 ANNANNN AN AR

2. Select Insert to add a new set of coordinate columns:

o 1 wiss a4 Geo sl
| Alktude (Ellinl | WEEEL Geo =

00 100,000 m | MADSE Geo

a0 100,000 m | BEsSEL Geo

100 100,000 m |CAPE Geo

100 100000 m .

00 100,000 m 5E.00000000 TZ. 00000000 00,000 m

3. Select one of the items from the drop down list to define the coordinates to view.

For more information about the coordinate options see Define an Absolute Position (page
37) and Define a Relative Position (page 38).
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Activate the Position Definitions Dialog

To configure the coordinate systems, while connected to a fixed head radar:
1.  On the Measurement menu, click Setup.
2. Click the Coordinates button, located at the bottom of the window.
3. Select the appropriate tab and enter the origo and pointing values.

4. Hit Ok to use the new settings.

To configure the coordinate systems, while post-processing a work file:
1. On the Edit menu, click Edit Coordinate System.
2. Select the appropriate tab and enter the origo and pointing values.

3. Hit Ok to use the new settings.

Use the Position Edit Dialog

The Position Edit dialog handles all types of position definitions. For existing positions it
shows the values entered by the user when the position was last edited.

£
[os Relative XYZ LE!
Position Name: Show: X ¥ Z Reference:
Riadar Vo -0.000 | 2000 | 0.000  [Local |
You are editing Coord. Tum: UTM Zone: Weapon Elew.: Barrel Length:
the defzult RADAR position | 0.000 | 3 ,—L ,—Q_
| [~ Lat/Lonin DMS | | I~ Synchwith RTP | | [~ ShowonMap | | < Copy from... | Apply | Cancel |

To open the dialog:
» In the Position Definitions dialog, click an existing entry to edit it.

» In the Position Definitions dialog, click Add New Position to create a new position
entry in the list.

Enter the information in the appropriate fields and click Apply to finish editing the position.

Field Comment

Position Name Enter a name for the position. Use the name of the location
or the survey point ID.

Show Decide whether the position is shown in the Position
Definitions list.

Reference See Define the Reference (page 36).

28 Relative XYz %% Drop down list of available coordinate formats.

See Define an Absolute Position (page 37) or Define a
Relative Position (page 38).

XY, Z This text depends on the selected coordinate format.

UTM Zone Select the UTM zone. Only applicable when the UTM
coordinate format is selected. See UTM Zones (page 44).
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Field Comment

Lat/Lon in DMS Use the Degree-Minute-Second format for the latitude
longitude angles.

Copy from Copy the contents of another position to this position.

Coord. Turn A positive angle indicates that the x-axis or azimuth zero

axis is pointing to the right relative to north. Note that the y-
axis (up) is not affected by this parameter.

Weapon Elev. Weapon characteristics. Saved with measurement data for

Barrel Length post processing purposes.

Applies ONLY to the Launcher position.

Synchronize with RTP Not supported by WinDopp.
Show on Map Decide whether the position is shown on online Map graphs
(RTCD)

Define the Reference

Select the Reference to define in which coordinate frame the position is defined. There are
two different types of references:

Reference Description

Absolute Position The coordinates are defined with reference to one of the
standard ellipsoid models also called Datum, e.g. WGS84.

Relative Position The coordinates are defined relative to another position. This
is identified by the name of the Position.

The coordinate system is centered in the referred position
and per default the xyz-axes are aligned with North Up East
in this point. The position have a parameter, Coord Turn, to
offset the azimuth angle.

At least one position must be in the Absolute Position format. Subsequent positions can
be either absolute or relative to another position. It is ok to define a chain of Relative
Positions, each referring to another, as long as the first element of the chain, the root
position, is an Absolute Position. Of course a circular reference is not accepted.

Note that if a position is defined relative to a reference position then a change to the
reference position affects the referring position as well. Their relative position however
remains unchanged.

With a Coord Turn of 0 the orientation of the coordinate frame is (x,y,z) = (North, Up,
East) as defined by the ellipsoid model in use by the root position. Changing the value of
coord turn affects the referring positions.

» Itis recommended that a survey point is entered as a user defined absolute position.

» A position referring to a reference position with a coordinate turn different from zero
does not inherit this coordinate turn. The coordinate turn always refers to north.

» When the radar or a test target, e.g. MC-100, is set-up above a survey point it is
recommended that this position is defined relative to the user defined absolute
position of the survey point. E.g. with an offset of (x,y,z) = (0, 1.45, 0) if the MC-100 or
the radar is 1.45 m above the survey point.

Weibel proprietary UG-2624 1.47



WEIBEL
DOPPLER RADARS System Alignment & Calibration

4122 Define an Absolute Position

The Coordinate Type defines the format of the coordinate values. The options available
depend on selection made in the preceding Define the Reference (page 36) step.

To define an absolute position:

1. From the Positions Definitions dialog double click an entry to open the Position
Edit dialog.

2. Inthe Reference field select the Absolute Position option, see Define the
Reference (page 36).

3. Select the appropriate coordinate type from the drop-down box:

kX WGS84 Geo L
“ Latitude Lowgitude Altitude (Ellip]
| 5500000000 | 1200000000 I 100.000

The options are described below.
4. Enter the coordinate values.

Click Apply to complete the position definition.

The absolute coordinate type is defined by two parameters: the Datum, e.g. WGS84 and
the coordinate format, e.g. Geo = geographic.

The following Datum’s are supported:
Datum Description

WGS84 World Geodetic System of 1984. It is the reference frame used by
the U.S. Department of Defense (DoD). WGS84 is the default
standard datum for coordinates stored in GPS units.

ED50 European Datum. Used in much of Western Europe apart from
Great Britain, Ireland, Sweden and Switzerland, which have their
own Datums.

NAD27 The North American Datum of 1927 (NAD27) is a datum based on
the Clarke Ellipsoid of 1866.

Bessel The Bessel ellipsoid is the geodetic system e.g. for Germany, for

Austria or for Czech Republic. Partly also in the successive states
of Yugoslavia and some Asian countries (e.g. Sumatra & Borneo,
Belitung) or Okinawa (Japan); in Africa e.g. Eritrea and Namibia.

Cape Also called the modified Clarke 1880 ellipsoid. Used in R.S.A.,
Botswana, Zimbabwe.

The following coordinate formats/projections are supported: :
Format/Projection Description

Geo The Geographic Coordinates (page 42) consists of three values:
Latitude, Longitude and Altitude. They Latitude, Longitude angles
define a point on the specified ellipsoid model (datum). The unit is
degrees.
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Format/Projection Description

UuT™m The Universal Traverse Mercator projection maps the Latitude and
Longitude values to two zone dependent UTM Coordinates (page
43): Northing and Easting. The unit is meter. Note that the UTM
projection still relies on a user selected ellipsoid (datum).

The altitude is the height above/below the surface of the ellipsoid. The unit is meter.

4.1.2.3 Define a Relative Position

To define a relative position:

1. From the Positions Definitions dialog double click an entry to open the Position
Edit dialog.

2. Inthe Reference field select one of the position names, see Define the
Reference (page 36).

3. Select the appropriate coordinate type from the drop-down box:

X Relative Polar L

Range Azirmuth Elevation
| 1000.000 | 0.000 I 0.000

The options are described below.
Enter the coordinate values.

Click Apply to complete the position definition.

The relative coordinate types are:

Relative Description

Position Types

Relative XYZ The (x,y,z) Cartesian Coordinates (page 40).
Relative Polar The (Range, Azimuth, Elevation) Polar

Coordinates (page 41).

41.3 View and Edit Positions in a WRK File

After a measurement the currently defined Radar, Local and Launcher positions are saved
in the WRK file. They are saved in the following format:

Position Coordinate format

Local Absolute Position, WGS84
Radar Relative to Local, XYZ
Launcher Relative to Local, XYZ

To edit a position stored in a WRK file:
1. Open the WRK file.

2. Right click on the track collection group to get this menu:
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Round: 1
F2

1 track

Rename

Delete

Coordinate Systems

3. Select Coordinate Systems to get:

o WGE584 Geo b B
Latitude |
4303127917
4303226636
43.04162566

Local XYZ {... WRiK-file...) 3

Longitude | Altitude (Elip) X | ¥ | z
6.47077083 174.010m 0.000m 0.000 m
6.470283147 170 m 110,000 m 2.000 m
6.47123195 177114 m 1160.000 m 3.000 m

Position Ref
WESS

Local

Local
Radar

Launcher

0.000 m
5.000 m
13,000 m

WREAfile

WREfile

WREile Local

4. Double click any of the three positions to edit the coordinates.

Note that it is not possible to change the Ref. or coordinate format of positions stored in the
WRK file.

Although the Radar and Launcher positions are stored in the WRK file relative to the Local
position they may be modified using e.g. absolute coordinates. To change the Radar
position using a new set of WGS84 coordinates:

1. Define a new position entry in the Position Definitions dialog.
Enter the new position of the radar in WGS84.

Open the Radar WRK-file entry for editing

Click the Copy from button and select the entry from step 2
Click OK to close the dialog

o ok v N

Click Save file to save the new radar position in the WRK file

Before saving the updated radar position WinTrack calculates the position relative to the
Local position and stores that data set in the WRK file.

Note that the coordinate system for the original online track is not available for editing. To
edit the online data coordinate system you need to create a New collection and copy the
online track to this collection, see Use the Track List (page 166).

4.2

UG-2624 1.47

Coordinate System Conventions

WinTrack/WinDopp handles the most commonly used coordinate systems and converts
positions and results from one system to another.

System Description

Cartesian The orthogonal right-hand xyz-coordinate system.
Coordinates (page

40)

Polar Coordinates The 3-dimensional (spherical) coordinate system

(page 41) using azimuth, elevation and range.

Geographic The Longitude, Latitude, Altitude representation of a
Coordinates (page position relative to the Earth.

42)

UTM Coordinates The Northing, Easting, Altitude representation of a
(page 43) position relative to the Earth.
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4.2.1 Cartesian Coordinates

Cartesian 3-dimensional space, also called xyz-space, has three axes that are mutually
perpendicular and cross each other in one point called the origin or Origo. In
WinTrack/WinDopp positions or coordinates are determined according to the
forward/backward (x), up/down (y), and right/left (z) displacements from the origin. The
position of the Origo is (0,0,0).

ry

Up

Forward X

Right

WinTrack/WinDopp internally uses the meter as the unit measure of distance, but most
others units are available as well.

Axis Orientation
X Forward/Backward.

The x-axis is level and pointing forward. It's
pointing is often defined relative to North.

y Up/Down.

The y-axis is pointing up, which is exactly opposite
the gravitational force (including the effect from
the Earth rotation).

z Right/Left.

Consider your self positioned in the origo of the
coordinate system, (0,0,0) and your face pointing
forward in the direction of the positive x-axis, then
the z-axis is level and points to the right.

Notes:

» All Cartesian coordinate systems in WinTrack/WinDopp are right hand
and with the y-axis pointing up.

» When the Origo of the coordinate system is the launcher and the x-
axis is pointing towards the target, then a position behind the launcher
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has a negative x-coordinate. The distance behind the launcher is
sometimes called setback and this means that x = -setback.

» The term offset is often used to describe the distance to the right of
the launcher. This value is identical to the z-coordinate, z = offset.
Similarly the height above the launcher is identical to the y-coordinate:

y = height.

» Polar Coordinates (page 41) are an alternative representation of a
position in 3-dimensional space.

Polar Coordinates

The 3-dimensional (spherical) Polar Coordinates are an alternative to the Cartesian
Coordinates (page 40). In WinTrack/WinDopp the relation between the Polar Coordinates
and the Cartesian Coordinates is depicted in the figure below:

Z

Range
Elevation

X
\"*“jﬁ-_f;_‘L/Azimuth

The center of the system is called the Origo. The azimuth is defined relative to the x-axis
and the elevation angle is defined relative to the level plane defined by the x-axis and the

Z-axis.
Parameter
Azimuth

Elevation

Range

Notes:

Description
Angle to the right/left of the x-axis.

Angle above/below the level plane, defined by the
x- and z-axis.

Distance from the Origo (center).

» The polar coordinates are useful during calibration, when the line of
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42

sight to known fix points is used or during star calibration.

WEIBEL

»  While the (x,y,z) coordinates of the Cartesian Coordinates (page 40)
are unique for a specific position, many sets of (azimuth, elevation,

range) values correspond to the same position.

» The raw encoder and error angle data captured during a
measurement is saved in Polar Coordinates.

Geographic Coordinates

The Geographic Coordinates describe the position relative to the rotating Earth. The
Latitude describes the North-South position relative to the Equator and the Longitude
describes the East-West position relative to the Meridian (typically going through

Greenwich, UK).

To simplify the description we assume that the Earth is a perfect rotating ball with a
constant radius (note that all transformations in WinTrack/WinDopp use the full ellipsoid
model). In the simplified case the Geographic Coordinates correspond to a 3-dimensional

Polar coordinate system:

A = Longitude

¢ = Latitude

In this figure the z-axis is identical to the Earth rotational axis and the Origo coincides with
the Earth center. The x-axis passes through Equator and defines the zero Longitude line.
The Altitude is defined as the height above/below the surface of the ball (not shown on the

figure).

Because the Earth is slightly flattened by its rotation, an ellipsoid is a better geometric
reference surface than a ball. The gravity field is formed as a result of gravitation and
rotation and is not pointing towards the Earth center. One of the advantages of the ellipsoid
model is that the gravity field is (almost) perpendicular to the surface of the ellipsoid and
the height/Altitude is therefore still the distance from the reference surface.

There are many different ellipsoid reference surfaces (also called geodetic reference
datum’s) in use throughout the world providing references for the charting of particular

Weibel proprietary
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areas. WinTrack/WinDopp supports the most common including: WGS84, ED50, BESSEL
& NAD27.

Notes:

» The latitude and longitude is entered/displayed either in Degrees,
Minutes, Seconds (DMS) or in decimal degrees. To enter in the
DMS/HMS format just insert a blank (space) between the three
numbers:

E.g. enter 8 5 25.490 to get +008°05'25.490".

UTM Coordinates

Military maps and a growing number of civilian maps use the UTM projection to provide
coordinates for positions relative to the rotating Earth. The advantage of the UTM,
Universal Transversal Mercator, projection is that distances and absolute UTM coordinates
are easily read from an UTM map.

While UTM positions are entered directly in WinTrack/WinDopp, using angles relative to
the UTM grid is a little trickier, please refer to Use UTM Grid Angles (page 45).

In the UTM system, the world is divided into 60 north-south zones, each covering a strip 6°
wide in longitude; see a map of the UTM Zones (page 44). These zones are numbered
consecutively beginning with Zone 1, between 180° and 174° west longitude, and
progressing eastward to Zone 60, between 174° and 180° east longitude. In each zone,
coordinates are measured north and east in meters. (One meter equals 39.37 inches, or
slightly more than 1 yard.) The northing values are measured continuously from zero at the
Equator, in a northerly direction. To avoid negative numbers for locations south of the
Equator, NIMA's cartographers assigned the Equator an arbitrary false northing value of
10,000,000 meters. A central meridian through the middle of each 6° zone is assigned an
easting value of 500,000 meters. Grid values to the west of this central meridian are less
than 500,000; to the east, more than 500,000.

Notes:

» Do not mix coordinates from one zone with that in another. If you
need to cross zone boundaries, use Geographic Coordinates (page
42).

» The vertical UTM grid lines are parallel in terms of distance from the
central meridian, but they are not pointing towards the geographical
North (except for the central meridian).
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UTM Zones
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Use UTM Grid Angles

Sometimes the angle of sight from the radar to a suitable reference point is only available
as an angle relative to the UTM grid.

An angle relative to the vertical UTM grid must be converted to an angle relative to
Geographic North before it can be used by WinTrack/WinDopp because
WinTrack/WinDopp defines the orientation of a coordinate system relative to Geographic
North.

To convert from UTM grid angle to Geographical North aligned azimuth:

1. Enter the radar position in UTM or Geographical Coordinates, see
Define an Absolute Position (page 37).

2. Enter a dummy position with identical UTM Easting and an UTM
Northing which is 100m higher. Same method as above.

3. Inthe Radar Polar coordinate view note the value in the Azim field.
This is the pointing of the UTM grid relative to Geographical North.

4. Add the correction value above to the UTM grid angle to get the
correct value.

The reason for this work around is that the vertical UTM grid lines (with constant Easting)
do not point straight towards Geographic North except for the median line of the UTM grid
(the 500km line).

North/South | |
| o
Llnes ! ! :

UTM Grid —> = BE

Equator

500km ;
Median - |

1
I
1
|
|

1
|
I
|
|

i I ) '

Note that lines west of the median point to the left of North on the Northern hemisphere
and to the right of North on the Southern hemisphere.

Coordinate System Example

The figure below shows how the Local, Radar and Launcher coordinate systems are
defined with different positions and orientations.
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Notes:

» The y-axis is always pointing up, opposite the locally defined
gravitational force.

» Due to the curvature of the Earth the y-axis (pointing up) for the Local,
Radar and Launcher coordinate systems are not 100% parallel.

» The x-axis orientation is defined relative to the locally defined
direction to geographic North.

» The three coordinate systems need not be different; e.g. the Local
and the Radar coordinate systems may very well be the same.
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» When positions are recorded in a measurement the Local coordinate
system is defined in WGS84 and the Radar and Launcher positions
are defined relative to the Local coordinate system

4.3 IRIG Synchronization

WinDopp allows you to synchronize your measurement time with an external IRIG time
signal, in case the antenna doesn’t have a built-in IRIG/GPS.

This can be done in various ways:
» Manually prior to each measurement
» Automatically prior to each measurement

» Automatically after each ended measurement

To use this feature you need to enable the option in Customize. See Set-up IRIG
synchronization (page 9).

Enabling this feature will expand the Measurement dialog with additional information and

options.
e

Status: Idle.

Max Velocity 8898.8 m/s

Track Time 1005.403 ms. (cont)

Last Humber 85

Trigger Source 2 (Mic.)

Trigger Level 0.119 v

Antenna 0Offset -0.000 (0.00) m

Antenna Setback -0.000 (0.00) m

Antenna Height -0.000 (0.00) m

Parallax Adjust On

Tirme Synchronization SYNCHRONIZED
Latest imestarmnp: Difference:

Synchronize Mow

| Synchronize at measure start

[ Synchronize and adjust file-info after each ended measurement ...Muore info...
Cancel Start

The additional information is:
Information

Status

Description
Current status — “Synchronized” or “Not Synchronized”.

Status “Not Synchronized” means that current time difference

exceeds 10ms.
Latest timestamp  Latest received IRIG timestamp.

Current time difference between the IRIG time and the internal time
on the device.

Difference
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The options are:
Option
Synchronize Now

Synchronize at
measurement
start

Synchronize and
adjust file-info
after each ended
measurement

Notes:

WEIBEL

Description
Press this button to manually synchronize the time.

Use this option to do automatically time synchronization prior to each
measurement.

Use this option to do automatically time synchronization after each
ended measurement.

This option can be a very useful when started measurements don’t
get trigged before several minutes. Due to internal clock drift in the
device, the time may get out-of-synch when the measurement gets
trigged — even thou the time was synchronized (manually or
automatically) prior to the measurement.

All recorded timestamps in the measurement will automatically be
adjusted with the time difference — unless the time difference
exceeds 500 ms, then the user will be prompted before any changes
are made.

» Supported in W-700i/SL-5xxxP version DOPP 1.51/WQOS 2.35 or

later.

» Only support for ORCA GS-101

48
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Measurement and
Processing Setup

5.1

UG-2624 1.47

Radar and Processing Parameters Overview

A large set of parameters controls the behavior of the radar during a measurement. These
parameters are configured before the measurement.

The parameters are organized in a number of categories further described below. To set
up the measurement parameters:

1. On the Measurement menu, click Setup.
2. Configure the parameters.
3. Click Close to exit the setup dialog box.

The parameters can either be set manually or loaded from a file.
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Parameters
General

b asirnum welocity [mAz] [1017.00

Tracking time [mz]:

Reference time [ms];

Trigger
Source;

Lewvel [V]:
Delay [ms]:

Save pre-trigger data

izzion

1204.22
0.aaa

—

|D: |Test Mizzion
MHumber;

Object weight [q]:

Object diameter [rmm):

Group

Measure Mode

Auto Display

Output Files

Parameters

MVR Parameters

Processing

50

S—

If you want to

Change the type of measurement or

Antenna data

Type: |SL-52IJ.-'-‘« w2 04 HE095 j
Fower mode: OnMeaszure -

Frequency [GHz]:
Azimuth [deql:
Elewation [deqg]:
Offzet [m]:
Setback [m]:
Height [m]:

Launcher data
Azimuth [deal:

Elewation [deq]:
Barrel length [m]:
Barrel diameter [mm]:
Launcher altitude [m]:

Ajr temperature [Tl

[
T —
T —
T —

L —
P —

Enable/disable the Auto rearm option, see
Configure the Measure Mode (page 51).

Automatically display a DTI draw and/or a
Velocity fit after a single file processing is
complete, see Enable/Disable Auto Display

(page 52).

Configure the work directory, the session file,
how to name the files and which files to save
with every data set. See Configure Output File
Names (page 53).

Configure the radar parameters, see Configure
the Radar Parameters (page 54).

Configure the muzzle velocity radar parameters.
See Select FFT Processing Parameters (page

59).

Configure the FFT length and overlap, see
Select FFT Processing Parameters (page 59).

Configure the VO (muzzle velocity) processing
parameters, see Select VO Analysis Parameters

(page 61).
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5.1.1

Click

Advanced

Clear Batt.

Prediction

Coordinates

Save / Load

Notes

» For multiple connected devices the Advanced and Clear Batt buttons only affect the

Measurement and Processing Setup

If you want to

Configure an advanced set of parameters. See
notes below.

Reset parameters in the unit to factory default, it
is always recommended to use this function prior
to any measurement if you are uncertain of the
parameter settings in the unit. See notes below.

Use the prediction tool to estimate the trajectory
of the target

Configure the coordinate systems.

Either save the current configuration or to
restore a previous saved configuration.

currently selected device. See Setup Multiple Devices (page 8).

Multiple Devices

In case of multiple connected devices each device will appear as a tab on the right side of

the Measurement Setup dialog. Switch between the tabs to change the parameters for

each device.

Notes

» Only processing parameters for the first device are used for post-processing. See
Select FFT Processing Parameters (page 59) and Select VO Analysis Parameters

(page 61) for more information.

(&3]
.Connected to several Devices...
]
[1:]
=
enna data E'
e |SL-520 ~| []=
MEr mode; OnkMeazure =
=
quency [GHz]; 10,525 &
H
[ %]
muth [deg]: 0.o0

5.2

UG-2624 1.47

Configure the Measure Mode

The measure mode controls the type of measurement and whether the radar is rearmed
after a measurement has been completed. To configure this group of parameters see

Radar and Processing Parameters Overview (page 49).

Weibel proprietary

51



Measurement and Processing Setup

Aeasure mode

(¢ Single [ Autoream

IEI_
" Burst

Notes

WEIBEL

» Select Single if there is only one trigger event per measurement.

» Select Burst if there are several trigger events per measurement. The Burst setup
becomes available when burst has been selected. To configure these parameters see
Configure the Burst Parameters (page 58).

» Use Auto rearm to prepare the system for the next trigger when a measurement is
complete. Choose a Delay between the measurements, if required.

5.3

52

Enable/Disable Auto Display

Enable the auto display options to display the DTI and/or the Velocity fit automatically after
the processing of a single DAT file is completed. To configure this group of parameters see
Radar and Processing Parameters Overview (page 49).

Auto display

W DTl [ Black & 'White

— area |Both sides

v elocity fit

Select
DTI draw

Black & White

Area

Velocity fit

Notes

-

If you want to

Automatically draw a DTI plot of the measured
signal after the measurement is completed.

Choose to show the DTI as Black & White
instead of colors.

Choose what area of the DTI to show.

Automatically calculate the muzzle velocity
based on the measured velocities. The algorithm
uses a polynomial fit to extrapolate the
measured velocity points back to the launch
time.

» The DTI plot is an important tool for detecting errors in the measurement set-up.

» If Auto rearm has not been selected, see Configure the Measure Mode (page 51), and
no valid signal has been found during processing, the DTI plot will automatically be

drawn.

» The velocity fit algorithm takes the parallax into account; therefore these parameters

Weibel proprietary UG-2624 1.47



WEIBEL

Measurement and Processing Setup

must be configured before the first measurement.

5.4

UG-2624 1.47

Configure Output File Names

Configure the work directory, the session file, how to name the files and which files to save

with every data set. To configure this group of parameters see Radar and Processing

Parameters Overview (page 49).

— Seszion setup

work directory:  |E:\Workwin_PCidata2 =1
Sessions: f test -]
Filename layaout; |$_1¢ [Mo extengion]

[T Create file falders] Mew zeszion. . I

v adork file [ wrk)

[T Track file [.tk) [T DTl data file [wid]

v Export track data... E:-:pn:nrtSettingsI

Select/Configure

Work directory

Sessions

Filename layout

Create file folders
Work file (.wrk)
Track file (.trk)
DTI data file (.wfd)
Export track data

Notes

» The session file will always hold the muzzle velocity result as well as a number of

If you want to

Specify which directory to use for the
measurement results.

Specify the active session.

Configure the filename structure and how it is
updated between measurements:

$ = The measurement date: YYMMDD.

% = The measurement time: HHMMSS.

@ = The Julian data: YDDD.

# = The four digit measurement number /
mission number.

£ = The antenna serial no.

* = The device index (see note below).

Create a separate folder for each measurement.
Save the WRK file for each measurement.

Save the TRK file for each measurement.

Save the WFD file for each measurement.
Export track data for each measurement.

Use the Export Settings button to configure the
exporting.

other parameters related to the measurement, even if none of the intermediate results

files are saved.

» Files saved or generated during a measurement will be placed in the same directory

Weibel proprietary
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as the session file. If Create file folder(s) has been selected, these will also be
placed in this directory. In other words, the session file controls where the data is
being stored. This makes it easier to move or store data on another media.

» The Device index available in the Filename layout defines the index/order in which
each device (radar/antenna) has been set up in the Communication Setup dialog (see
Set-up Communications (page 7)). 1% device, 2™ device, etc.

5.5 Configure the Radar Parameters

Configure the radar parameters. To configure this group of parameters see Radar and
Processing Parameters Overview (page 49).

—General —Antenna data
bl amirnuarn velocity [rmds] |1070.40 Type: |5L-1 5023 ;I

Tracking ime [mz]: IW Power mode: Im

Reference time [mz]: IF Frequency [GHz]: W
—Trigger Azimuth [deg]: IEI.EIEI

Source: Ext. - Elevation [deql: IEIEIEI—

Lewvel [V]. IEI.ED Difset [m]; |n.nn

Delay [ms]: [2000 || Setback[m} [0.00

Save pre-tigger data On - Height [mn]: IEIEIEI—
Mizsion Launcher data

D IND valid D ata. Azimuth [deg]: IW

Number: 378 Elevation [deg] [os0

Object weight [g] [(000 || Bamellength [m [

Object diameter [mm]: Iw Barrel diameter [mm: I—
Launcher altitude [m]: IUUU—
Air temperature [°C]: IE.EU

To configure the General parameters:
Select/Configure If you want to

Maximum velocity Control the sampling rate used in the radar. The
maximum velocity value should exceed any
radial velocity observed by the radar throughout
the measurement.

Tracking time Specify the time to measure the velocity.

Reference time Adjust the time difference between trigger mark
and muzzle exit.

To configure the Trigger parameters:
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Select/Configure

Source

Level

Delay

Save pre-trigger data

Measurement and Processing Setup

If you want to
Select one of the following options:

External: e.g. a flash or optical detector.
CH1 (Radar): Doppler signal.
Mic. (SL-520M): Internal microphone.

Configure the trigger level.

Specify the time to start measuring after trigger
mark.

Save data from before trigger mark (only
available if ‘Delay’ are below zero)

To configure the Antenna data parameters:

Select/Configure

Type

Power mode

Frequency

Azimuth

Elevation

Offset

Setback

Height

If you want to

Specify the antenna connected to the analyzer
(See note below).

Change the antenna power mode (when to turn
the antenna power on). Select one of the
following options:

On Trigger: When accepted a trigger.
On Measure: When starting a measurement.
Always On: When the system is turned on.

(See note below)

Specify the transmitting frequency of the
antenna.

Specify the antenna beam azimuth angle relative
to the launcher azimuth pointing angle.

Specify the antenna beam elevation angle, see
Height, Offset and Setback (page 57).

Specify the antenna position to the side of the
muzzle. The distance is measured perpendicular
from the launcher pointing line. See Height,
Offset and Setback (page 57).

Specify the antenna position from the muzzle or
trunnion point. The distance is measured parallel
to the launcher pointing line and is positive
behind the launcher. See Height, Offset and
Setback (page 57).

Specify the antenna position over the muzzle or
the trunnion point. See Height, Offset and
Setback (page 57).

To configure the Mission parameters:

Weibel proprietary
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Select/Configure If you want to

ID

Specify a text that describes the mission in a few
words (max. 32 char).

Number Specify the initial round number for the next

measurement. The number will automatically be
incremented by one when a measurement has
been trigged.

Object weight Specify the object weight in grams. This value is

used for drag calculation.

Object diameter Specify the object diameter in mm. The value is

for drag calculation

To configure the Launcher data parameters:

Select/Configure If you want to

Azimuth Specify the launcher pointing angle relative to

the selected coordinate system. The value is
used for drag calculation if wind data is
available.

Elevation Specify the launcher elevation angle. The value

is used for drag calculation. Furthermore, it is

used by the parallax compensation when this is
calculated from the trunnion point (Barrel length
> 0), see Height, Offset and Setback (page 57).

Barrel length Specify the length of the barrel in meter. Used

for parallax compensation together with antenna
Setback, Offset, Height and launcher Elevation.
see Height, Offset and Setback (page 57).

Barrel diameter Specific the diameter of the barrel.

Launcher altitude Specify the altitude of the launcher position over
sea level.

Air temperature Specify the air temperature (°C) at the launcher.

Used by the drag calculation.

Notes

» Specifying a Maximum velocity value that’s too low leads to loss of data.

» Specifying a Maximum velocity value that’s too high leads to reduced measuring
time or excessive data file size.

» Use the prediction tool to estimate the trajectory of the target including the radial
velocity. See Predict the Trajectory (page 23).

» The Type of the antenna is usually detected by the analyzer and displayed as
antenna model, serial number and software version. For systems with a non-intelligent
antenna, the type has to be specified manually using the drop-down box.

» In order to record data when using a negative trigger delay. The Power mode should
be set to either On Measure or Always On.

» To get the best performance of the system, the Elevation of the antenna should have

a lower setting than the launcher. This way the object will stay in the beam for a
longer period.
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» The sign of the antenna Offset is only used when adjusting angles. Then, a positive
offset means that the antenna is to the right of the muzzle.

5.5.1 Height, Offset and Setback

The three antenna data parameters Height, Offset and Setback are used by the parallax
compensation routine to compensate for the antenna position. The definition of these
parameters depends on the Barrel length as described below.

In the first situation the Barrel length is set to zero and the position of the radar relative to
the muzzle is entered directly in the Parameters dialog:

G,

LLr

hERY

POINT A

POINT B

POINT A

o+

POINT A

e —— @
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In the second situation the Barrel length of the launcher data is set to a positive value. In
this case the operator enters the coordinates relative to the trunnion point of the launcher.

6]
POINT B
rﬂ]/ POINT A
offset
T
e
=— SETBACK —=
POINT B
re— OFFSET
T7}-POINT B
HEIGHT
:EPDINT A
6] (6]

WinDopp then automatically calculates the radar location relative to the muzzle.

5.6 Configure

the Burst Parameters

The Burst Parameters located in the Burst Setup dialog defines how the system records a
burst measurement. To configure this group of parameters see Radar and Processing
Parameters Overview (page 49).

Burst Setup El

Segment zize:
Segment number;
Max. cadence:
Bt birneout:

Trigger holdaff:

|1 0.0000 K. Results

|1 B Seaments
|E00 min

|2.nnn Cer.
I?E s

Calculatar > I

Select/Configure

Segment size

Segment number

Max cadence

58

If you want to

Change the size of the data segments. The
number specifies how many results/samples
each segment will consist of.

Change the total number of data segments.

Change the maximum cadence for burst rounds.
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Select/Configure If you want to

Burst timeout Specify how long time the system should wait for
a new trigger (time between rounds). The
system automatically stops when the limit has
been reached.

Trigger holdoff Specify the minimum time between trigger
events.

Click on the Calculator button to show the calculator:

x
rCalculatar
Segment size: Im Max Vel Ii g:;;r: ;';te. éomﬁjlof ;':,:
Segment number: IW RPH: I— IggzDEIM éomrg.-’sround .
Max. cadence: ISDD Jmin Hurn R ounds: || S R
Busttimesut  [7.000 Sec <& Trarisfer alues | Vo Caliis b
Trigger holdoff: IF :?-:i::tkﬂr;:&:m SEHDSD o
<< Calculator |

Configure Description

Max Vel. Choose the Maximum Velocity

RPM Choose the RPM (Rounds Per Minute)

Num Rounds Change the maximum number of rounds

Press the Transfer Values button to accept the calculated values.

Notes

» Increasing the Segment size decreases the maximum number of segments, since
Segment number multiplied by Segment size cannot be great than the size of
memory the analyzer has available.

» Trigger holdoff is used to discard false trigger events. These events could be
reflections from the shockwave that trigged the system in the first place.

5.7 Select FFT Processing Parameters

The Process parameters define how the Doppler signal is analyzed using FFTs for
spectral analysis. To configure this group of parameters see Radar and Processing
Parameters Overview (page 49).
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—Proces

FFT paintz; |1 024 vI Overlap [%]: IEEI

Taobsz [mz]: I FFT end [mz]: I
Farameters: Idefault vI bin. welocity [mds]: I

[T FFTSegments | FFT start [mz]; I

Select If you want to
FFT points Directly specify the FFT length.
FFT Segments Define variable FFT size segments. See Define

Variable FFT Size Segments (page 99).

Use the checkbox to enable or disable. When
enabled the FFT Segment button will become
red.

Parameters Choose a pre-defined set of parameters. See

Select a Predefined Set of MOT Parameters
(page 113) for a lists of pre-defined set of
parameters.

Overlap [%] Specify the overlap between two consecutive

FFTs. E.g. 50% overlap increases the number of
FFTs by a factor of two.

FFT Start [s] Specify the time of the first sample of the first
FFT.
FFT End [s] Specify the time of the last sample of the last
FFT.
Min. Velocity [m/s] Specify the minimum velocity. Set this to blank to
use default.
Notes
» The Tobs parameter is calculated as the number of FFT points divided by the

sampling rate. The sampling rate is defined by the antenna frequency and the current
maximum velocity.

Increasing the Overlap provides better utilization of the data, when using window
weighting.

Exceeding 50% overlap will only result in a marginal improvement and may cost a lot
of processing time.

Choosing a negative overlap means that some of the measurement data is excluded
from the processing. This is only done to save processing time. For more information
about the relation between overlap and Tobs, please refer to Configure the FFT
Parameters (page 98).

Use FFT Start and FFT End to select the part of the recorded signal to be analyzed.
Data outside this interval is not included in any FFT. The time is specified relative to
the trigger.

Only processing parameters defined for the first device will be used for post-
processing.

Processing parameters for all other connected devices will only be used for finalizing
new measurements measured on the particular device (and the Auto Calculation
option has been checked, see Select VO Analysis Parameters (page 61)).
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Select VO Analysis Parameters

The VO analysis parameters controls the algorithm responsible for calculating the muzzle
velocity based on the measured velocity points. To configure this group of parameters see
Radar and Processing Parameters Overview (page 49).

0 analyzi

Parallax adjust: On T | Exclusion level [dB]: |10

blode: IManuaI "I Semi tolerance [%]: ID--I
Fit order: |3- order 'I Tiobs [Sliding)[ms] |00
[~ Time lirnit [ms]; I?':”:' v Auto Calculation

Select If you want to

Parallax adjust Correct velocity data according to the offset and
setback of the radar relative to the launcher.

Mode Select one of the modes, see below.

Fit order Specify the velocity fit order used by the

Manually and the Semi auto VO analysis Mode.

Time limit Enable and configure Time limit to specify the
maximum amount (time) of data to base the VO
analysis on (See note below).

Exclusion level Specify the minimum S/N ratio level for velocity
points. The value is used by Manually and Semi
auto VO analysis Mode.

Semi tolerance Specify the highest tolerance of the velocity fit
used by Semi auto VO analysis Mode.

Tobs (Sliding) Specify the length of the sliding fit. Only in use
when VO analysis Mode is Sliding.

Auto Calculation Enable or disable Auto Calculation. When
enabled, the muzzle velocity will automatically
be calculated after each measurement.

To configure the VO mode:
Select Description

Manual The S/N ratio of each velocity point is compared
to the Exclusion level. Points with a too low S/N
ratio are excluded. The selected Fit order is
used for Muzzle calculation.

Semi auto Executes the manually procedure. The
remaining points are excluded one at a time until
the tolerance of the total velocity fit meets the
tolerance specified by Semi tolerance.
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Select Description

Auto First a 4. order semi auto procedure is executed.

All points either with a bad S/N ratio or points far
away from the fit are excluded.

Secondly, a 2. order velocity fit is made. If the
tolerance is worse than the tolerance
accomplished by the 4. order semi auto
procedure, the measurement base is too long
and points are removed from the end until the
tolerance is coming close to the tolerance
reference.

Finally, the procedure checks whether a 1. order
fit is more suitable than the 2. order fit. This is
done by comparing the tolerances for each fit
type. If the tolerance for the 1. order fit is lower
or equal to the tolerance for the 2. order fit, the
1. order fit is selected otherwise the 2. order fit is
selected (See note below).

Sliding Executes the manually procedure. Instead of

using a total velocity fit for Muzzle calculation, a
shorter sliding fit is used. The length of the fit is
specified by Tobs (Sliding). Using the sliding fit

will result in a more smooth velocity fit which is

more suitable for drag calculation.

Notes

|

If the Mode of the VO analysis is set to Auto and the time of processing is taking
several minutes, typically when having seconds of data, it is recommended to enable
the Time limit processing limitation. Then the VO analysis does not have to waste
time going through data that have no effect on the muzzle result.

When doing series of measurements with limited amount of time between each round
the Auto Calculation should be disabled. This will reduce the time used for a
measurement-cycle. The disadvantage is that the muzzle result can not continually be
confirmed.

The ‘Tolerance’ is based on a standard Deviation of the point difference between
points and fit relative to the average velocity

Only processing parameters defined for the first device will be used for post-
processing.

Processing parameters for all other connected devices will only be used for finalizing
new measurements measured on the particular device (and the Auto Calculation
option has been checked).

<« End of Chapter »
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Measurement

6.1
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Measurement Control Overview

When the radar is ready for measurements, see Radar and Processing Parameters
Overview (page 49), next step is to perform the measurement.

To start a measurement:

On the Measurement menu, click Start Measurement.
Alternatively hit Ctrl+m. This will open the Measurement Control dialog:

1 - -

Ready! 00:00:00. 000
Device Max Velocity Track Time Last Number Trigger Source Trigge

@ Device #1 1017.0 m/s 1032.192 ms. (cont) 262 4 (Ext2) 0.5

® Am system Trig Close

Double-click on the title bar to minimize the dialog.

Press the Arm System to enter the Wait for trigger mode. This will arm all
connected devices (radar/antennas). The color of the background will change
from blue to red, the time in the upper right corner starts to blink and a beep
sound will occur every second indicating that the system is armed. The following
buttons will be enabled:

Manually trigger the measurement.
} This will trig all connected devise (radar/antennas).

e

Manually abort the measurement.
, r This button will appear as soon as the measurement has been started.

When the measurement is triggered and completed the data is automatically
transferred and stored in a DAT file at a specified location, see Configure
Output File Names (page 53).

Press Abort or Ctrl+q to cancel the current transfer.

@ Saving Paita. - - ABORT | NNNNNNNNNNNNNN 2388.0 KBytes of 288.0 KBytes
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4. Finally the data is analyzed and the results are displayed, see Enable/Disable
Auto Display (page 52) and Measurement Results (page 64).

Notes
» The measurement is automatically added to current session.

» Measurements results from multiple connected devices will all be added to the current
session.

» If automatic rearm is selected, see Configure the Measure Mode (page 51), the
results are added to the session and the system returns to step 2 above and waits for
the next trigger. No graphs are displayed between measurements.

» Data will be saved and analyzed as soon as each device has finished its
measurement.

6.2

64

Measurement Results

When the measurement is complete and the automatic display option is enabled, see
Enable/Disable Auto Display (page 52), the following screen appears:

' Weibel Remote Doppler System - Online o [=] |

File Tools Options Msasursment ‘Window Hslp

=d &aon @ =l s

'/ ¥TI-Plot (C:\Weibel\Data',Demo’,041 110_0003_vtiwfd) =10l

Vel [m/s] YTI-Flat [C:\Weibel\Data\Demot041110_0003_vti.wid), Channels: 11, FFT Points: 1024
400

0.025 0.050 0.075 0100 0125 0.150 0.175 0.200 0.225 0.250 0.275 0.300 0.325 0.350 0.375 0.400
Time [s8c]

2085% | 7
Work File {C:\Weibel\Data'Demo'041110_0003.wrk) =10]x]
’E £ ||7 ShowEits [ Plot Fit Differsnce ‘ FoR ]
Round: 3 5T 100 measurement Date: 041110[4315) Time: 10:3437 Reference Time: 0.000 ms
Radial Velocity (launcher)

Radial Velocity [launcher] [m/s]

275
= = u Track 1 [Radial Velocity [launcher])
Track 1 [Fitted Radial Velocity (launcher))

250
25
200
0oop 005 0050 0075 0100 0125 0150 017 0200 0225 0250 0275 0300 0325 0350 0375 0400
Time [sec]
SLEZO0M 2 02 #63 C WwisibelD ata\Demot041110_0003 vk,
C:\WeibelData',Demo'Demo Session.ses =] 3]
Filename Round | Date Tine Muzz. el [ris] Mean G/ [dB] |Used poirts |Drder |Dver\ap 1] |Enmmant | |
041170_00071 1 041110 (4315) 10:26:45 256,43 +0.07 %7 44 2 50 Y

041110_0002 2 041110 (4315) 10:30:50

[mﬂu:lm.zm 1

26713 x0M 265 45 2 50 ]

26326 +0.08

|C:iweibeliData ml 4

This screen contains three windows:
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Window

VTI Plot

Work File

Session

Muzzle Velocity Measurement

Description

The Velocity-Time-Intensity plot is the result of
the DAT file processing providing a graphical
presentation of the raw FFT output.

The result of the MOT processing is showed as
green dots on top of the VTI are the result.

To configure the VTI graph, see Draw a
QDTI/DTI Plot (page 103).

The work file view presents the radar velocity
points (same as in the VTI), the launcher velocity
points (parallax compensated), and the
polynomial fitted to the launcher velocity points.

To configure the work file view or manually edit
the data set graphically, see Open a WRK file
(page 163).

The session manager shows the final results
from the new measurement.

Results from multiple devices will be identified by its filename (depending on the filename
layout, see Configure Output File Names (page 53)), and the device name for each result
will be shown in the Session Manager (in case the Show ‘Device’ field option has been
enabled, see Customize the Session Manager Layout (page 70)).

Notes

>
>

The time axes of the two graph windows may not be aligned.

To manually control the DAT file processing, see Open a DAT File (page 91) or Use
the Session Manager (page 68).

To manually control the WRK file processing, see Open a WRK File (page 163) or
Use the Session Manager (page 68).

Result windows from multiple devices will be tiled horizontal (or cascaded if there isn’t
enough screen space available).

h

|

Tiled

Cascaded

<« End of Chapter »
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7 Session Management

71 Session Manager Overview

A session is a set of individual measurements organized by the session manager. It is up
to the user to decide how measurements are assigned to a session. A typical session
comprises a series of consecutive measurements made under identical conditions.

To activate the session manager do one of the following:

» On the Measurement menu, click Session Manager

Start Measurement Ctrl+ M
Setup F3
Session manager F8
Show statistics Fi
Diagnostics

Prediction

» On the File menu, click Open.
Select a session file (extension SES).

Mew...

Open Ctrl+0

Save Ctrl+5

Save Signal

Close

LI el n
» HitF8.

» Perform a measurement.

The following window appears.

C:\WeibelData\,Demo‘,Demo Session.ses i I [=] ]
041110_0001 1 041110 102646 25643 + 007 |%7 44 |2 50
041110_0002 2 041110 10:30:50 267,

)| 011 265 45 2
041110_0003 3 041110 10:34:37 26326 008 267 45 2 A0
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Each row represents one of the measurements assigned to this session. To perform an
action on one or more of the items, see Use the Session Manager (page 68).

The columns display information for each measurement. The default layout has the

following fields:
Field

Filename

Round

Date

Time

Muzz. Vel. (m/s)
Mean S/N

Used points

Order

Overlap (%)

Comment

Statistics

UG-2624 1.47

Description

The filename associated with the measurement.
All files generated for this measurement will be
using this filename but with various extensions.
See Configure Output File Names (page 53) for
files generated when measuring/re-processing.
See Export / Print Data (page 74) for files
generated when exporting data.

If the Show ‘Device’ field option is enabled (see
Customize the Session Manager Layout (page
70)) the name of the device used for the
measurement will be appended the filename.

This is the measurement number (Mission
number) generated by the analyzer at the time
the measurement was trigged. See Configure
the Radar Parameters (page 54) for setting this
parameter.

The date when the measurement was made,
format: YYMMDD

The time of the day when the measurement was
made, format: HH:MM:SS. For burst rounds the
format is extended to display milliseconds.

Calculated muzzle velocity and accuracy.

The mean S/N ratio based on the velocity points
used for the muzzle velocity calculation.

The number of points the muzzle velocity was
based on.

The order of the velocity fit the muzzle velocity
was based on. The order is an output of the VO
analysis, see Select VO Analysis Parameters

(page 61).

The overlap used for FFT processing, See
Select FFT Processing Parameters (page 59).

Comment line of the measurement. It is possible
to write notes for each measurement as a single
line of text, see Use the Session Manager (page
68).

If the velocity processing fails, the text “Velocity
processing failed” will automatically be shown.
When adding DAT files to the session these will
be commented “not processed”. In this case the
text “Not processed” will be shown.

The right most column of the Session manager
is used for statistics. A green dot indicates that a
specific measurement is included in the
statistics, see Statistics Overview (page 71).
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When the Burst layout has been selected the following fields will be displayed in
combination with most of the fields from the default layout.

Filename Hnun; Date Time Result time [z] | Time diff. [2] Cadence [/min] |Muzz. W
Field Description
Result time The time since the first trigger event.
Time diff Time difference between each round.
Cadence The calculated cadence. Naturally this is not
calculated for the first round in a burst
measurement.
Notes

» Measurements from multiple connected devices will all be added to the same session.

Use the Session Manager

To process one or more measurements:
1. Open the session, see Session Manager Overview (page 66).
2. Select one or more items from the list.

3. Select the Session menu item or Right click the Session Manager to get the
following menu:

Mew...

Open DAT file

Open TRK file

Open WRE file

Process Fa
Process all

Update Session Data

Enter comment Ins
Delete Del
Statistics 3
Export... 3
Print... r

4. Select the menu item, see below.
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Use

New...

Open DAT file

Open TRK file

Open WRK file

Process

Process all

Update Session Data

Enter comment

Delete

Statistics

Export

Print

Notes

Session Management

If you want to
Make a new session.

To add to the session see Add or Remove
Measurements from a Session (page 69).

Load the DAT file associated with the selected
measurement and activate the DAT file process
window. See Open a DAT file (page 91).

Load the TRK file associated with the selected
measurement.

Load the WRK file associated with the selected
measurement and activate the WRK file process
window. See Open a WRK file (page 163).

Process the selected measurements.
Process all measurements in the session.

Update session data without having to reprocess
selected measurements.

Change the comment line of the measurement.

Delete the selected measurements from the
session. The measurement files are not deleted,
only the entry in the session file.

See Configure Statistics (page 72).

Export data to file. See Export / Print Data (page
74).

Print data. See Export / Print Data (page 74).

» When processing the settings from the current Radar and Processing Setup window is
used, see Radar and Processing Parameters Overview (page 49).

Add or Remove Measurements from a Session

When a measurement is complete it is assigned to the session selected in the
Measurement Setup window, see Radar and Processing Parameters Overview (page 49).

To add measurements to a session:

o DN =

Open the session, see Session Manager Overview (page 66).
On the File menu, click Open.

On the Files of type pull-down menu select DAT files.

Select one or more file from the directory.

Click Open to get the following window:
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x

\::) Add File(s) to current session: CiWweibelidata\finlandtjjin3.ses ?
[

Mo | Yes ko Al |

6. Click Yes to add one file at a time or Yes to All to add all selected files to the
session.

Note that all new measurements have the comment Not Processed. To process the
measurements see Use the Session Manager (page 68).

To remove one or more measurements from a session:
1. Open the session, see Session Manager Overview (page 66).
2. Select one or more items from the list.

3. Hit Delete to delete the items from the list.

x

\?/- Delete measurement 03110605 7
-

4. Click Yes to confirm.

7.2 Customize the Session Manager Layout

The Session Manager allows the user to customize the layout. Only one custom-layout can
be saved.

To change the layout:
1. Open the Session Manager, see Session Manager Overview (page 66).

2. Either select the Session menu item and locate the Layout submenu or Right
click the column header in the Session Manager to get the following menu:

v Default
Burst
Custom

v Show 'Device' field

Auto Adjust Column Widths

3. Select Auto Adjust Column Widths to reset all columns to fit the width of the
Session Manager window.

4. Toggle the Show ‘Device’ field to show or hide the device name in the
Filename field. This option is only enabled for Default and Burst layout.

5. Select the menu item in accordance with the type of results the Session
Manager should display for each round. Default and Burst are predefined
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layouts.

6. Select Custom to define your own layout:

x
—Show —Sounce
Mowe L
MeasNum M AnalMode a
Filename Mave Down RefTime
Y[1sec][mds] —_I I
W1 .05zec][ms] Status
e Bdd I SegrentStart
= SeqmentEnd
ml ResMumber
ResTime
Tirneliff
Cadence
teazDate
Comment
Overlap
AntHeight
Ttk H
Add Calc |
load | Save | Clear | Apply | Canicel |

7. Add or remove results from the left pane to customize the layout. Select
predefined results in the right pane or create your own type of results.

8. Click Add Calc to Define a New Type of Results (page 71).

The results presented in a customized layout can be exported to a text file, see Export /
Print Data (page 74).

7.21 Define a New Type of Results

Use the Calculator Function to customize the results presented in the session manager.
To activate the calculator function see Customize the Session Manager Layout (page 70).

i
IVeIocit_l,l j |Meten"second [rn.fj * where IDistance _ﬂ is IEquaI j |15 IMeter [rn] j

" atlast valid data paint Cancel |

The new type of result is defined by a parameter type, e.g. Velocity, and a trajectory
condition, e.g. that the target is at a Distance of 15 m.

Choose the “at last valid data point” option to extract results from the time of the last valid
data point.

Click OK to add the new type of result to the session view.

7.3 Statistics Overview

WinDopp calculates statistics on the measurements as they are made or when the results
are reviewed at a later stage. This feature is useful when a first view of the results is
wanted during the measurement.

To show statistics:
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1. On the Measurement menu, click Show statistics.

The following window appears:

|
Welacity [z Accl [mdz/s] Fetard. [m/s/m] Cadence [r/m]
Awverage 33619 0.4827 -0.00108 0.00000
Std. dew. 22413 1.8344 0.00409 0.00000
bin. 0.00 -1.3573 -0.00673 0.00000
[GEVS 44829 3.0185 0.00303 0.00000

The window stays visible until closed.

Notes

» A green dot in the right most column of the Session manager indicates that a specific
measurement is included in the statistics.

7.31 Configure Statistics

The statistics feature performs both manual and automatic selection of the measurements
to be included.

To configure statistics:
1. Open the session, see Session Manager Overview (page 66).
2. Select one or more items from the list.
3. Right click to get the main options menu.
4. Select the Statistics item to get the following options:

Shows

Setup

&dd ko stakiskics Space
Remowe from statistics BkSp
Clear skatiskics

5. Select Setup to get the following window:

Statistics setup El

~Mode———  [Selting

£ Manualy Mumnber of rounds: |5

Auto rode:; ITime + el vI
& L=l Delatime s} [3600

"ol Delta velocity [%]: IE.EI

............

Ok, Cancel

Configure If you want to

Mode Control how measurements are included in the
statistics, see below.
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Configure If you want to

Number of rounds Set the maximum number of measurements to
be included in the statistics.

Auto mode Select one of the auto modes, see Select
Statistics Mode (page 73).

Delta time (s) Configure a parameter used in the Auto mode,
see Select Statistics Mode (page 73).

Delta velocity (%) Configure a parameter used in the Auto mode,
see Select Statistics Mode (page 73).

Select Statistics Mode

To select the statistics mode, see Configure Statistics.

The Mode controls how measurements are included/excluded from the statistics:

Select Mode If you want to
Manually Add/remove measurements manually.
Last N Include the last N measurements, where N is

specified as the Number of Rounds.

Auto Use the automatic selection mode, see below.

The Auto mode controls how measurements are automatically included/excluded from the
statistics.

Use Auto Mode If you want to

Time Include measurements that were recorded less
than Delta time after the last measurement.

Vel Include measurements that deviate less than
Delta Velocity from the current average.

Time+Vel Include measurements that meet both of the
above criteria.

Notes

» When the Last N or the Auto mode is selected, the Add and Remove options are
disabled from the session manager.

Add or Remove Measurements from the Statistics

When the Manually mode is selected, see Configure Statistics (page 72), the user chooses
which measurements are included/excluded from the statistics.

To include or remove measurements:

Weibel proprietary 73



WEIBEL
Session Management DOPPLER RADARS

Use If you want to

Spacebar Include the selected measurements in the
statistics.

Backspace Remove the selected measurements from the
statistics.

7.4 Export / Print Data

Specific measurement data or summary data covering a complete session is easily
exported to a text file or sent to a printer, made for ASCII reading.

To export data:
1. Open the session, see Session Manager Overview (page 66).
2. Select one or more items from the list.
3. Right click to get the main options menu.
4

Select the Export or Print item to get the following options:

Result file
Drag file

Muzz results
Burst results

All session data

5. Select the item from the list.

While the first two items generate separate files/printouts for each measurement the last
three items generate one summary file/printout for the complete session.

Generate If you want to

Result file This contains all velocity points for the
measurement. Each point is described by: Point
number, time, velocity, distance, acceleration,
retardation, S/N ratio and a mark showing if the
point was used for calculating the muzzle result.

Drag file This contains all drag results for the
measurement. Each point is described by: Point
number, time, velocity [m/s], velocity [mach],
elevation angle, aspect angle, X-distance, Y-
height, slant range, drag coefficient, S/N ratio
and a mark showing if the point was used for
calculating the muzzle result.

Muzz. results This contains all muzzle velocity results for the
session. Each round is described by: round
number, date, time, velocity, acceleration,
retardation, number of points used, fit order, FFT
process overlap, accuracy of the muzzle, mean
S/N ratio.
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Generate If you want to

Burst results This contains all burst results for the session.
Each round is described by: round number,
result time, time difference, cadence, muzzle
velocity, accuracy of the muzzle, mean S/N ratio.

All session data Thiscontains all data available for each
measurement. The file has the same structure
as the Muzz result file but more data has been
added.

Notes

» The results added to a custom session manager layout are included in Muzz. results,
Burst results and All session data.

» All types of export will include statistics from the measurement.

<« End of Chapter »
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8 Diagnostics

8.1 Diagnostics Overview

The Diagnostics Window provides information about the current status of the radar system,
modules and subsystems.

The information is organized in a hierarchical structure to facilitate easy access to both
high level “system readiness” information as well as detailed information about the
operation of a particular subsystem.

To start working with diagnostics see Enter the Diagnostics Screen (page 77).

8.2 Enter the Diagnostics Screen

To enter the diagnostics screen:

1. On the Measurement menu, click Diagnostics to bring up the
Diagnostics Summary window:

”.: Diagnostics =101 x|
Artenng Tppe: ISL-Hxxx.J‘PE Software Version |1 00.05 Load &t Sw |
Senial number: I1?U?’??7 Hardware Version: I

Overall Statu:

Temperatures E‘ GPS |§|
Power Supply E‘

Temperature | Power Supplyl GPS | DneW'ireInfDI

Temperature [*C]

CPU 44.0

Internal 50.0
17 44.0

The left side of the window provides access to the diagnostics information for each
connected device. The right side of the window shows the Antenna Diagnostics (page 78)
overview.
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Notes

» Pressing F7 will also open the Diagnostics window.

WEIBEL

8.3

78

Antenna Diagnostics

The Antenna diagnostics section, give the user a quick overall status of the antenna.
Various red and green “lights” indicates if there are problems in some of the antenna sub

systems.
ﬂ_;Diagnostics _I_I— m] 5'
- Artenna

Antenna Type:  |SL-sxww/PE Software Yersion: [1.00.05 Load Ant Sw |

Serial number 1707777 Hardware Version: |-

Owerall Statu
Temperatures li‘ GPS E‘
Power Supply li‘

Temperature IPDwerSuppIyl GPS I Elnew’lrelnfol

Temperature [°C]

CRU

44.0

Intemal

800

I7

44.0

The Antenna diagnostics is divided into the following sections:

Section

Antenna Properties
(page 79)

Overall Status (page
79)

Temperature

Power Supply
Amplifiers

GPS

OneWire Info

Notes

Description

Detailed information about the antenna and push
buttons to load software and configuration files to
the antenna microcontrollers.

Overall antenna status display.

Detailed temperature status display. See
Temperature Diagnostics (page 79).

Detailed voltage status display. See Power
Supply Diagnostics (page 80).

Detailed amplifier status display. See Amplifier
Diagnostics (page 81).

Detailed GPS status display. See GPS
Diagnostics (page 81).

Detailed OneWire information. See OneWire
Diagnostics (page 82).

» Depending on the antenna type some of the sections might not be

shown.
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8.3.1 Antenna Properties
The following options are available when configuring the antenna:
Click/Enable If you want to

Load Ant Sw Load software to the main antenna controller

The antenna properties are stored internally in the antenna. When WinDopp is connected
this information is read and displayed in the following fields:

Field Content
Antenna Type Name of the antenna
Serial Number Serial number of the antenna
Software version Version of the main antenna controller software
Hardware version Version of the main antenna controller hardware
8.3.2 Overall Status
The overall status display shows the overall status as red or green lights.
Indicator Content
Temperature Green: If all temperatures are within the allowed

limits and reports status OK.

Red: If one or more temperature reports status
different from OK (see Temperature Diagnostics

(page 79))

Power Supply Green: If all voltages are within the allowed limits
and reports status OK.

Red: If one or more voltages reports status
different from OK (see Power Supply Diagnostics

(page 80))
GPS Green: If GPS reports status OK.

Red: If GPS reports status different from OK (see
GPS Diagnostics (page 81))

8.4 Temperature Diagnostics

The temperature panel contains a list of temperature sensors inside the antenna.
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ﬂ | Diagnostics

=101 x|

- Artenna
Antenna Type:  |SL-sxww/PE Software Yersion: [1.00.05 Load Ant Sw |
Serial number 1707777 Hardware Version: |-
Owerall Statu
Temperatures li‘ GPS E‘
Power Supply li‘
Temperature IPDwerSuppIyl GPS I Elnew’lrelnfol
Temperature [°C]
CRU 44.0
Intemal 800
17 44.0
Notes

» Number of sensors depends on the antenna type.

8.5 Power Supply Diagnostics

The power supply panel contains a list of voltage sensors inside the antenna.

ﬂ | Diagnostics

(=

Antenna Type: | SL-wmwe/PE S oftware YWersion: |1.DU.05
Serial number:  [1707777 Hardware Yersion: I

Load Ant Sw |
—

Ovwerall Statu:

Temperatures li‘
Pawer Supply |§|

GPS @

.TEITIpElall.IIE Power Supply IGF’S I Onetwire Info

Woltage [v]

1.2 Digital

25V Digital

3.3V Digital

5.00 Drigital

5.0V Analouge

5.0V Reference

Notes

» Number of sensors depends on the antenna type.
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8.6 Amplifier Diagnostics

The amplifiers panel contains a list of amplifiers inside the antenna and their current status.

ﬂ__ Diagnostics _I_I- jm] 5'
S Amewna
Antenna Type: ISL—xxxxf’F‘E Software Yersion: IT .00.08 Load Ant Sw
Senal number. |17D?‘?7? Hardware Version: I
Dverall Statu

Temperatures Ii‘ GPS Ii‘
Pawer Supply |§|

.Temperature Power Supply |GPS | DneWireInfol
Waltage [v]

1.2 Digital

2.8 Digital
3.3 Digital

5.00 Digital

5.0v Analouge
5.0 Reference

Notes

» Number of amplifiers depends on the antenna type.

8.7 GPS Diagnostics

The GPS panel contains the current GPS status and time information received by the

GPS.
H_, Diagnostics ;IEILI

Artenna Type: ISL-HHWF‘E Software Yersion: IT 0005 Load Ant S
Serial nurnber: |1 07997 Hardware Yersion: I

Overall Statu

Temperatures |§| GPS |§‘
Paower Supply |§|

| Temperatural Power Supply  GPS | One\wire Info

The following information is available
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Field Content

Status Current GPS status. See below for further
information.

Info Current GPS time information.

The Status field can have one of the following statuses:

Status Description

Connected GPS is connected and locked to satellite signals.

Disconnected GPS is disconnected and isn’t properly locked to
satellite signals.

Error GPS reports an internal error.

Idle GPS is disabled.

8.8 OneWire Diagnostics

The OneWire diagnostic panel contains a list of available OneWire information.

ﬂ_= Diagnostics =10 il
Antenna Type:  |SL-xxxn/PE Software Yersion: |1.00.05 Load Ant Sw |
Serial number:  [1707777 Hardware Yersion: |-

Overall Statu:

Temperatures |§| GPS |§|
Power Supply |§|

| Temperature | Power Supply | GRS Onewire Info |

Device |Line  |Info

Mw34341

Doppler Madule DhYPFMAACZ HDMIQ124
Doppler Module DBIGMA BDRIO124

Doppler Module DMIQTZ24 #12070003
AntFreq 10622

PCBT24B3 2020327

PLE34342

=] ] o] a] 2] 2] =
=| of =] w| =] =] =

Notes

» Number of information depends on the antenna type.

<« End of Chapter »
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Self-Verification

9.1

Self-Verification Overview

The WinDopp application provides features for performing self-verification tests. These
tests will perform a series of hardware and software tests to verify that the system is fully
operational without any errors.

The self-verification test can be started manually through menus - or by enabling an
automated startup/connect check that will warn the user if a new self-verification test is
needed.

To start working with self-verification tests see Perform a Self-Verification Test (page 87).

For more information regarding automated startup/connect check see Automated Self-
Verification Test (page 89).

9.2

UG-2624 1.47

Self-Verification Tests

The self-verification test performs the following tests:

Test Scope What is checked Pass criteria
Communication Tests the general antenna The replies from Expected
communication. several commands replies.

send to the antenna.

Amplifier Tests that all amplifiers is Each amplifier is All amplifiers
working. checked while the transmit and
antenna shortly report no
transmits. error.
Voltage Tests the antenna internal Voltage levels That all
power supply voltages. supplied from the voltages are
antenna internal within the
power supply allowed limits
Temperature Tests the antenna internal Temperatures from That the
temperatures ADC, 10 and CPU temperatures
boards are within the
allowed limits
Oscillator Tests the oscillator is That the oscillator The oscillator

working

Weibel proprietary

frequency is locked

reports correct
lock status
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Test Scope What is checked Pass criteria
Antenna Gain Tests the antenna gain. Antenna gain is At least 20 dB
changed during a in difference.

short measurement.

9.2.1 Communication Test

The communication test verifies that the general communication to the antenna is fully
functional.

This is achieved by sending commands to the antenna that have known expected replies.

An error in the communication test will result in the following statement:

Error Statement Error Details Possible Cause

Can’t The antenna has return a A disconnection between antenna
communicate non-valid response to the and IC-700 may have occurred.
with device commands sent from the

Verify all cables are still connected.
Verify that PS-200 is still on

IC-700

9.2.2 Amplifier Test

The amplifier test verifies that all antenna amplifiers are functioning.

This is achieved by turning on each amplifier and having them report no errors to the
antenna.

Possible errors reported from the ampilifier test in the self-verification test are:

Error Statement  Error Details Possible Cause & Solution
Amplifier #xxx Upon startup one of the

reports and amplifier has return an

error! (status: error code (return value)

yyy). instead of an OK signal.

xxx: amplifier id

yyy: return value

9.2.3 Voltage Test

The voltage test verifies that all internal antenna voltages are within the allowed limits for
normal antenna operation.

This is achieved by verifying that the measured voltages on the internal antenna boards
are within the allowed limits.

Possible errors reported from the voltage test in the self-verification test are:
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Error Statement Error Details Possible Cause & Solution
1.2V is out of The measured voltage is Issue is most likely hardware related.
limits outside of allowable limit.

If system is running check the
(1.14-1.26) : x.xx  x.xx is measured voltage voltages that can be viewed in the
diagnostics part of WinDopp

Contact Weibel and report any
voltages that are outside of the
specified limits.

1.5V is out of As above As above
limits

(1.40-1.60) : x.xx

1.8V is out of As above As above
limits

(1.70-1.90) : x.xx

2.5V is out of As above As above
limits

(2.38-2.62) : x.xx

3.3V is out of As above As above
limits

(3.14-3.45) : x.xx

5.0V is out of As above As above
limits

(4.50-5.50) : x.xx

9.24 Temperature Test

The temperature test verifies that all internal antenna temperatures are within the allowed
limits for normal antenna operation.

This is achieved by verifying that the measured temperatures on the internal antenna
boards are within the allowed limits.

Possible errors reported from the temperature test in the self-verification test are:

Error Statement  Error Details Possible Cause & Solution

ADC The measured If the system is running within the

Temperature is temperature is outside of operational temperatures; issue is

out of limits allowable limit. most likely hardware related.

(-40 - +80): x.xx X.XX is measured If system is running check the
temperature temperatures that can be viewed in

the diagnostics part of WinDopp

Contact Weibel and report any
temperatures that are outside of the
specified limits

10 Temperature As above As above
is out of limits

(-40 - +80): x.xx
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Error Statement

CPU1
Temperature is
out of limits

(-40 - +80): x.xx

CPU2
Temperature is
out of limits

(-40 - +80): x.xx

CPU3
Temperature is
out of limits

(-40 - +80): x.xx

Oscillator Test

The oscillator test verifies that the internal antenna oscillator is locked to its targeted
frequency.

Error Statement

Oscillator not
locked

Error Statement

No valid
measurement
was recorded

Can’t save
measurement
data from device

Error Details

As above

As above

As above

Error Details

Oscillator has failed to
report a successful lock
status to the IC-700

Antenna Gain Test

The antenna gain test verifies that the gain for the internal antenna amplifiers is within the
allowed limits for normal antenna operation.

Error Details

No data was available in
the antenna memory

Data could not be
transferred from antenna
to IC-700

Weibel proprietary
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Possible Cause & Solution

As above
As above

As above

Possible errors reported from the oscillator test in the self-verification test are:

Possible Cause &Solution

The antenna will still be functional
with the oscillator out of lock.

This is achieved by verifying that the difference in noise background with the amplifiers on
and off is greater than allowed limit for normal antenna operation.

Possible errors reported from the amplifier gain test in the self-verification test are:

Possible Cause & Solution

Firmware or antenna hardware
related

Verify that the antenna can perform a
normal measurement

Antenna did not send data although it
was available

IC-700 is out of hard-drive space

Verify that the antenna can perform a
normal measurement

UG-2624 1.47
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Error Statement

Can’t process
the

measurement file

Can’t calculate
average
spectrum

Too low dB
difference: XX
dB (min: YY dB)

Too low dB
difference: XX
dB (min: YY dB)
for channel #1

(I channel)

Too low dB
difference: XX
dB (min: YY dB)
for channel #2

(Q channel)

Error Details

Data sent from the
antenna is invalid

Data is valid but average
spectrum calculation was
not possible

Average gain difference
between amplifier states

XX: Gain difference
YY: Required gain limit

Average gain difference (I-
Channel only) between
amplifier states

XX: Gain difference
YY: Required gain limit

Average gain difference
(Q-Channel only) between
amplifier states

XX: Gain difference
YY: Required gain limit

Possible Cause & Solution

Data transfer was faulty

Redo the self-verification test and
verify the error is persistent

Verify that the antenna can perform a
normal measurement

Perform a normal measurement and
open the DAT file menu

Make a diagnostic — noise spectrum
processing

Verify that this processing is
possible.

Pay attention to any sources of RF
noise in the vicinity of the Radar and
also any sources of reflection that
could cause the background noise to
increase.

As above

As above

9.3
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Perform a Self-Verification Test

To perform a self-verification test do one of the following:

1.  On the Measurement menu, click Self-Verification to bring up this
confirmation window:

Ed

2. Or by accepting to start a new self-verification test due to a previous
expired self-verification test, or due to newly connected devices. See
Automated Self-Verification Test (page 89).
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WEIBEL

wammg x|

11 SYSTEM VERIFICATION NEEDED !

The system needs to be checked and verified.
Either no verification has been performed on this system - or & previous verification has expired,

Start a system self-verification?

Be advised, a self-verification test will turn on the antenna power periodically during the
tests. Make sure no one is near the antenna during the tests!

Starting a self-verification will warn the user with the following dialog:
waming X
1L SAFETY WARNING !!

- iy
" The antenna will TRANSMIT periodically during the self-verification test!

Press OK to start the test. This will bring up the self-verification dialog showing the current
progress:

Self Verification

Progress: [Nevice #1

EENEEENENNENENEEENNENENENERER
Testing Antenina Gain... [zaving data)

Press Abort to abort the self-verification tests.
When all tests are done the user will be informed.

In case of any errors found during the test, the self-verification will stop any further tests
and will inform the user with a short message describing the error.

Example:
eror x|

@I I Antenna Amplifier Test FAILED 1!
__4

In the above example, one of the amplifiers in the antenna has failed the test.

To get a more detailed diagnose regarding the actual problem use WinDopp’s Diagnostic
tool, see Enter the Diagnostics Screen (page 77).

Notes

» All windows in WinDopp will be closed during the self-verification
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test.

» When connected to multiple devices the self-verification will test each
device individually.

9.4

UG-2624 1.47

Automated Self-Verification Test

A self-verification check can be enabled to be performed at WinDopp startup and when
WinDopp connects to one or more devices.

To enable this check, see Customize Self-Verification (page 19).

The self-verification check will check the validity of the previous performed self-verification
test, if any. In case it detects it’s no longer valid the user will be prompted to perform a new
self-verification test.

warmng x|

I' Il 5YSTEM VERIFICATION NEEDED 1!
.

~ The system needs to be chedked and verified.
Either no verification has been performed on this system - or a previous verification has expired.

Start a system self-verification?
E No |

The following scenarios will cause the self-verification check to warn the user:

1. No previous self-verification tests have been performed.
2. Previous self-verification test has expired.

3. WinDopp have been connected to new devices.

Press Yes to start a new self-verification test. See Perform a Self-Verification Test (page
87) for more information.

Notes

» To setup the expire time for a self-verification test, see Customize
Self-Verification (page 19).

<« End of Chapter »
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DAT File Processing

DAT File Processing

10.1

Introduction

The Doppler data from the measurement is saved in the DAT file and WinTrack/WinDopp
provides a number of tools for viewing and further processing of the raw measurement
data.

DAT file processing finds the frequency components of the received signal and provides
the operator with various graphical presentations of the signal. These are important tools
for checking the quality of the signal before extracting the track information.

The SOT or the MOT processing finds the tracks in the signal and stores them in a WRK
file for further processing. Each track consists of a number of measurement points, that are
available for further processing, see Open a WRK File (page 163).

10.2

UG-2624 1.47

Open a DAT File

To open a DAT file:
1. On the File menu, click Open
2. From the file select window choose the DAT file
3. Click Open.

The following window appears:
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=
_’-DAT File Processing... ...Ready...
Date: |E|51 025 (5298 Mission # : |15 Open WRK file |
Time: ([ Mizsion ID : IB i inbore More Info. .. |
DTI ST Draw 50T MOT Inbore Spin ChStatus
Tabs [mz] (1.0 FET Pairts: |'||:|24 "’I |LJ-Channels
= On = Off
% Owerdap [=]; |5|:|.|:||:| Skart Timelme]: |-15.49
1= & 98 120
) Specha [#] 159 End Ti L |E1.41 - - -
pecra[]l nid Time[ms] 20 B 0 140
FET Seamerts| [4lTime | IC IC e 15
A BT 120 1B
| Process Cancel
Froceszzing Parameter Set
’7default j [T Show/Edit Save Delete
Sub Window Description
DAT file Date: 120117 (2017 Mission# : [313 Open WRK file
Time: [IDEERRRGERLY ~ MissionID: IW More Info...
Provides the date, time, mission # and ID
recorded in the DAT file. Click Open WRK to
access the associated work file. Click More Info
to Access the DAT Info (page 93).
Processing Options
DTl STDraw soT Mot Inbore  Resamp Spin ChStatus
Click one of the icons to Select the Processing
Algorithm (page 97).
FFT Setup Tiobs [ins], 2.0 FATi Points: [256 2
(& Overlap [Z]:IW Start Timelms]; [1.02
Coapeatral#h [1071 | Endllimelnsl [105755 |
FET Segmenlsl Bl Time:
View or edit the values to Configure the FFT
Parameters (page 98).
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Sub Window Description

— 10-Ch |
IQ-Channels [r D:“”Eja o

16 B 3¢ 136
20 B 106 146
30 Z0 1D 150
40 B 1246 1BE

Choose between the real/complex channel modes
and select the channels to be processed.

Progress bar |

Shows the progress of the current processing.

Process/Cancel Concel |

Click Process to start the processing. Click
Cancel to stop it before it has completed.

Processing
Parameter Set

”Prucasslng Parameter Set

defaull 'I = Shovi/Edit Save Delete I

Allows to load, edit, save and delete pre-defined
parameter sets to be used with the selected
processing option.

Notes

» A DAT file can also be opened by double-clicking on the file in Windows Explorer or
dragging the file from Windows Explorer to the WinTrack window or icon.

10.2.1 Access the DAT Info
To activate this window Open a DAT File (page 91), and click the More Info button.
=
MEASDATE 120917 (2261) ﬂ
MEASTIME 15:17:21.024340

MEASNUM 560

SAMPRATE 6.4

SEQUENCER

SEQRATE

TRIGDELAY -1037.510 ms

TRIGSOURCE 0O _I
-

“ar, Segment Info,  Antenna Modes I Extended Antenna Modesl izzsion Parameters I Time Tag Infol Trigger Infolmationl

F=ElOpen |le Az Open |TH El Open |THA2 Open |P0wer |F‘wr. Feduct. |Directi0n |le Gain

21 21 10.0 200 13% 0.0db Gaing High
21 21 10.0 200 13% 0.0db Gaing High
21 21 10.0 200 13% 0.0db Gaing High
21 21 10.0 200 13% 0.0db Gaing High

Change Time I Encoder Data | Change Erequencyl J Export Data | ak

Several tabs with information are available. The number of visible tabs depends on the
information saved in the file:
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Tab Description

Var. Segment Info. List of data segments saved in the file. In case of
burst measurements several segments may be
saved.

Time (Sec) is the start time of the segment
(relative to trigger)

Segsize is the size of the segment.

Samp Rate. (uS) is the sample rate used.
Bitmode (Bits) is the number of bits per sample.
Dig. Gain. is the gain of all channels.

Antenna Modes List of antenna modes saved during
measurement (if present in file):

Time is the time of the antenna mode (relative to
trigger time).

El Open is the elevation opening angle.

Az Open is the azimuth opening angle.

Power is the power in %.

Direction is the direction (going, coming).

Rx Gain is the receiver gain.

OSC 2 shows the state of the 2™ oscillator.

Rg Set is the range set number used.
Mission Parameters  Mission parameters saved in the file:

Mission ID is the Mission ID/description entered
prior to measurement.

Launch Date is the date of the measurement.

Launch Time is the time of the measurement.
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Tab

Time Tag Info

Description

List of time tags (if present in file). Time tags are
information stamps recorded during measurement
(approx.. 1 per second):

Trig dT is the time of the stamp relative to trigger.

IRIG dT is the time of the stamp relative to first
sample.

Samp1 dT and Samp2 dT is the time of the
stamp calculated based on the sample count and
sample rate.

File dT is the time of the stamp calculated based
on the position in the file.

IrigFullSec is the full part of the IRIG stamp time.

IRIGFracSec is the fractional part of the IRIG
stamp time.

SampCount1 and SampCount2 is the sample
count.

FilePos is the actual position in the file.

Type is the stamp type (Start, Normal, End,
Packet Lost, Unknown)

Weibel proprietary
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Tab Description

Trigger Information The DAT file holds information on trigger events
generated during a measurement. If the DAT file
was created with Burst Processing active, multiple
trigger events may have been generated, and this
tab provides some statistics on these events:

Event # is the event count since the start of the
measurement.

Trigger info describes the type of trigger, which
can be either hardware or software generated.
The numbers in parentheses are the counter for
the current event type and the total event counter.

Sample # is the number of the first sample after
the trigger.

Time stamp is the time stamp of the first sample
after the trigger.

Time elapsed is the time elapsed since the first
trigger.

Period is the the time elapsed since the previous
trigger.

Rate (insta.) is the instantaneous rate of fire. That
is, the reciprocal of the pariod.

Rate (mean) is the rate of fire calculated as the
mean of the current and previous triggers.

By right-clicking in the data grid, the user has the
following options:

Export... to export the data to a text file.

Show non-trigger events shows all events
instead of only trigger events.

The following options are available:

Select the If you want to
Change Time Change the date of the measurement.
Encoder Data View the encoder data saved in the file. This

button will be grayed/disabled if no encoder data
is present in file.

Change Frequency  Change the antenna frequency in the file.

Export Data Export DAT Info information, see Export DAT Info
(page 97).

Notes
» Several of the above information is primarily for debugging purpose.

» The Burst Processing feature mentioned above is only available in RTP versions
higher than (and not including) 1.67.
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10.2.2
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DAT File Processing

Export DAT Info

Export DAT file information by pressing the Export Data button on the Access the DAT
Info (page 93) dialog. This will bring up the following dialog:

x

Export Dptions
v Farameters

v “ar. Segment Info
v Antenna Modes
v Trigger Infomation

Choose what to export.
Option If you want to
Parameters All parameters and their values.
Var. Segment Info The variable segment information.
Antenna Modes Range sets and antenna modes.

Trigger Information Trigger information.

Press the Export button to choose the output file.

Select the Processing Algorithm

To access the Process Setup window see Open a DAT File (page 91).

The following processing options are available:
Select the If you want to

See a quick Doppler-Time-Intensity draw based
on just one channel and a subset of the data
available. For more details see Draw a QDTI/DTI
Plot (page 103).

See a full Doppler-Time-Intensity draw based on
all the channels selected. For more details see
Draw a QDTI/DTI Plot (page 103).

See the Signal-Time draw. For more details see
Draw an ST Plot (page 110).

Perform the Single Object Tracking algorithm to
search for one object trajectory in the data. For
more details see Detect Single/Multi Object
Tracks (page 112).
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Select the If you want to

Perform the Multiple Object Tracking algorithm to
search for multiple object trajectories in the data.
For more details see Detect Single/Multi Object
Tracks (page 112).

Perform Inbore Analysis (page 158) to search for
object trajectory in the data.

Perform Spin Analysis (page 148) to identify the
spin modulations accompanying a previously
processed object with MOT/SOT.

Perform analysis on each channel to compare
and verify their performance. The analysis to
perform is selected under Advanced settings.

The option selected is indicated by a thick blue rectangle, e.g. see the QDTI icon above.

10.2.3 Configure the FFT Parameters

To access the Process Setup window see Open a DAT File (page 91).

The following processing options are available:
Set the If you want to

Tobs [ms] Configure the FFT length as a time interval.
WinTrack/WinDopp finds the smallest FFT length,
N, so that N divided by the sample frequency is
larger than or equal to your input. The resulting
Tobs replaced your entry.

FFT Points Directly specify the FFT length. See Define
Variable FFT Size Segments (page 99) in order to
process the file with variable FFT lengths.

# Spectra Specify the effective number of spectra
calculated.
Overlap [%] Specify the overlap between two consecutive

FFTs. E.g. 50% overlap increases the number of
FFTs by a factor of two.

Start Time [s] Specify the time of the first sample of the first
FFT.

End Time [s] Specify the time of the last sample of the last FFT.

FFT Segments Define Variable FFT Size Segments (page 99).

Press the button to enable or disable the use of
FFT Segments. When enabled the button become
red.

All Time Click the All Time button to select the maximum
number of FFTs.
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Set the If you want to
Times Rel. To Enable the Times Rel. To Launch checkbox to
Launch operate with times given relative to a user defined

launch time. The launch time can be.changed
from the DAT Info form. See Access the DAT Info
(page 93)
The relation between the FFT parameters is:
» Fsample is the Doppler data sample rate and Tsample is the time between samples:
Tsample = 1/Fsample
Tobs = FFT Points * Tsample
» Tdelta is distance in time between FFT spectra updates:
Tdelta = Tobs * (1 — Overlap%/100)
» #Spectra = (End time - Start time)/Tdelta

Notes

» To re-use the FFT Parameters of the last processing enable the Remember FFT
Parameters option at Customize Miscellaneous (page 15).

» Either the Number of Spectra or the Overlap is specified as one depends on the
other.

» The frequency resolution of the FFT is roughly equivalent to 1/Tobs. To convert from
frequency to velocity use the approximated relation:

Velocity = A/2 * 1/Tobs = 0.014m * 1/Tobs
Assuming that the radar transmits at 10.5GHz and the speed of light is ¢ = 3*10% m/s.

Define Variable FFT Size Segments

Any processing on a DAT File may be carried out with variable FFT size. This feature is
especially interesting when tracking objects whose radial acceleration varies over a wide
range of values, since it allows optimizing the FFT size attending to the radial acceleration
of the target at each point in the measurement.

As a general rule, the observation time at any point in the measurement (resulting from
multiplying the FFT size by the sampling time at that point) should not exceed
sqgrt(lambda/2/acc), being sqrt the root square of the expression inside the parentheses,
lambda the transmission wavelength (approx. 0.028m) and acc the radial acceleration of
the object in m/s?. E.g. an acceleration of 10g = 100m/s? results in a maximum observation
time of approximately 12ms. Using a longer observation time results in smearing of the
spectrum. This does not improve the accuracy of the results.

When tracking projectiles launched from a location close to the radar, the acceleration is
usually high at the beginning of the measurement, when the distance to the object is low
and the signal-to-noise ratio high. The first part of the measurement can then be processed
with a short FFT. As the projectile flies downrange, its acceleration diminishes and its
signal-to-noise ratio becomes lower because of the increased distance to the radar. In this
situation, improved accuracy and higher detection ranges may be obtained by increasing
the size of the FFT.

To process with variable FFT size segments:

1. On the Process Setup window click on FFT Segments.
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100

Notes

|

2.

WEIBEL

The following form appears:

ﬂ it FET Segme... |:||E|[Z|

Start Time [Sec]

Calculate fram WHEfile. ..

Right click on the white area to show the following pop-down menu.

Imsert Segment
Delete Segment
Delete Al

Click on Insert Segment in order to define a new FFT size segment. The user
is prompted to type the start time of the FFT segment in seconds since trigger
and the FFT size to be employed from that time. That FFT size will be used until
the beginning of a later segment or the Stop Time specified for the processing
(see Configure the FFT Parameters (page 98)).

In order to delete a given segment, select it with the mouse, right-click to show
the pop-down and click on Delete Segment.

To delete all segments, right-click to show the pop-down menu and click on
Delete All.

In case a section of the measurement is not covered by any of the
given FFT segment definitions, the size specified by the FFT Points
parameter (see Configure the FFT Parameters (page 98)) is taken as
default.

Close down the FFT segment window is equivalent to delete all
segments.

Automatically Define Variable FFT Size Segments

To optimally define the FFT size segments for a particular measurement:

1.
2.

On the Process Setup window click on FFT Segments.

The following form appears:
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NLFFT Segme... |:||: [E|

Start Time [Sec]

Calculate fram WHEfile. ..

Click on Calculate from WRK-File.

An open file dialog box appears which permits to choose the workfile that
contains the trajectory for which the FFT segments will be calculated.

Select WorkFile with reference track:

Look in: | (2 cal22 ~| ck ER-

W] 031030_0012. wrk

File name: | TETTOEHMTIANE
Files of type: |W.:.rkFile [ wurk)] j Cancel

5. A form with the list of available tracks in the file appears. Select the desired
track and click OK.
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ﬂ; Select A Track : E| E'

Select a track

& Track 1 Ok
" Track 1 C I
(" [Track 3] anee
Preview

Preview

R adial Yelocity [radar)

300

280

2004

150

100

501

0 5 10 15 20
Time

A new list of FFT size segments is generated.

Weibel proprietary

WEIBEL

UG-2624 1.47



WEIBEL

DAT File Processing

1.105 1024
4.7 2048
11.108 4095
11.603 2043
11.933 4035
12623 2043
12823 4035
13.038 2192 w
Calculate from WHEfile...

Please refer to Define Variable FFT Size Segments (page 99) for further details on how the
optimum FFT sizes are calculated.

10.3

UG-2624 1.47

Draw a QDTI/DTI Plot

To access the Process Setup window see Open a DAT File (page 91).

The Doppler Time Intensity (DTI) plot shows the power of the received Doppler signals as
a function of time. Because the Doppler frequency is proportional to the velocity the y-axis
is often indicating velocity rather than frequency offset. In that case the graph is called a
Velocity Time Intensity (VTI) plot.

To draw a DTl or VTI plot:
1. Select the DTI processing option.
2. Configure the FFT Parameters (page 98).
3. Select the IQ Channels to include in the processing.
4.

Click the Process button.

To get a quick preview of what the result is going to look like select the QDTI option in step
1.

The status bar shows the progress of the processing and when complete the plot is shown:
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“¥TI-Plot (z:jinrap_155 mastery9234.dat) _I_I- jm] il
Wel [més] WTI-Plot [z:5imhrap_1554mastery 9234, dat), Channels: 1071 102 103104, FFT Paints: 1024
dB/Hz
140
800 137
134
700 131
130
600 127
124
0 121
120
17
400 114
1
300 10
107
200 104
1m
100 100
97
a4
0 at
100 39
a4
-200 a1
a0
300 I
74
71
-400 70
E7
-500 B4
4]
600 El
57
700 54
51
800 5
0o 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 GO0 625 B50 675 700
Time [zec)
[ 16% | 4

This VTI plot shows a 155mm RAP measured with a radar close to the launcher. The
signal is recorded with a W-2100 using variable sampling rate to increase the effective
measurement time.

The color coding of the power density is shown to the right.

10.3.1 View Details of the DTI

To use the zoom function just select an area of interest with the mouse pointer. The new
plot is drawn when the left mouse button is released:

“¥TI-Plot (z:jinrap_155 mastery9234.dat) _I_I- jm] il
el [mds] WTI-Plat [zNjinvap_158\master\3234.dat], Channels: 131102 133 134, FFT Points: 1024 [Zoom)

5.0 55 =11} 5
Time [zec)

[ 158% [Tip: To zoom out, right click mouse. .. 4
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This plot shows the 155mm RAP boost phase. While the projectile gains velocity during the
boost phase the objects falling off the projectile quickly loose velocity.

To specify an exact zoom window:

1. Right click on the DTI plot to get this menu:

Zoorn ok

Exact Zoorm

dB Scale

Time Scale
BlackWhite
Averaging k
Title:

Plot 3
Shiow Frequency
Copy To Clipboard
Sawve Bitmap

Process

2. Select Exact Zoom to enter the time interval of the zoom window.

Exactzoom x|

Start Tirme: Stop Time: k.

m [2.80

Cancel

Notes

» Right click on the DTI plot and select Zoom Out to return to the full
size plot.

» Use Copy To Clipboard if you want to copy the DTI plot directly into
another application.

» Use Save Bitmap if you want to save the DTI plot in a separate file.

10.3.2 Configure the DTI Plot Parameters

A number of parameters control how the FFT output is converted to a DTI plot. To
configure e.g. the DTI Plot averaging:

1. Right click on the DTI plot to get this menu:
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Zaoorn Ok

Exact Zoom

dE Scale

Tirme Scale
Blackwhite
Averaging ]
Title:

Plot 3
Show Frequency
Copy To Clipboard
Save Bitmap

Process

2. Select Averaging to get this menu:

v Sample (Time)
Bverage (Time)
Peak (Time)
Sample (Yel)
Average (vel)

v Peak (vel)

3. Change the Time or the Vel averaging mode.

To change one of the other parameters settings repeat step 1.

WEIBEL

Configure If you want to

dB Scale Increase of decrease the sensitivity and offset of
the color coding.

Black/White View the DTI plot in black and white.

Averaging Control how the color is chosen, when there is

Title

Show Frequency

more than one FFT result per pixel. See below.
Manually set the title of plot.

Toggle between frequency and velocity units on
the y-axis.

When the plot is drawn each colored area or pixel is associated with a specific time and
velocity. Each of the FFT output values is associated with the pixel that is closest in time
and velocity. That way each pixel represents one or more FFT output values.

When the number of FFTs is higher than the number of pixels on the x-axis (time) a
suitable method for reducing the data must be selected. The same applies when the FFT
length, and thereby the number of output values from a single FFT, is larger than the
number of pixels on the y-axis (vel).

The Time and the Vel modes for combining the FFT output values are controlled
independently. The following Averaging options are available:

Use

Sample

Average

If you want to

Choose the value closest to the time or the
velocity of the pixel.

Average the FFT output values over the time or
velocity interval covered by the pixel.

Weibel proprietary
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Use If you want to

Peak Use the largest value in the time or velocity
interval covered by the pixel.

10.3.3 Time Scale

To change the timing of data or to display the data using another time scale do the
following:

1. Right click on the DTI plot to get this menu:

Zoorn ok

Exact Zoorm

dB Scale

Time Scale
BlackWhite
Averaging k
Title:

Plot 3
Shiow Frequency
Copy To Clipboard
Sawve Bitmap

Process

2. Select the Time Scale option to get this window:

Reference Time and Offset x|

]9

= Ahzolute Time [UTC) Farmat; ISecunds j
Date: 07022002 Time: 11:50:31.520 Eae]

" Time Since Launch  Mater 07022002 Time: 17:50:31.520
" Uszer Defined Zero Point

¢ UTE: Date: | 07-02-2002 Time:l 11:50:31.520

% Belative To Triggen I 0.000 | zec

3. To display data using another time scale, select one of the first three options.
For old .trk files, the Time Since Launch options is not available.

4. The last option can be used to define a new User Defined Zero Point and
when operating from the Track File View, this will modify the parameter
REFERENCE in accordance with the new User Defined Zero Point.

Notes

» The time and date of Launch can be modified from by clicking the
More Info button on the Process Setup dialog.

» The Absolute Time (UTC) has different formats to choose between.
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10.3.4 Draw the Spectrum Plot

To change the timing of data or to display the data using another time scale do the To get
a more detailed graphical representation of the frequency components and their relative
strength the power spectrum plot is very useful. It plots the power versus
frequency/velocity.

To view the spectrum plot:

1. Right click on the DTI plot to get this menu:

Zoorn ok

Exact Zoorm

dB Scale

Time Scale
BlackWhite
Averaging 3
Title:

Plot 3
Shiow Frequency
Copy To Clipboard
Sawve Bitmap

Process

2. Select the Plot option to get this menu:

Selected Spectrum. ..

Average of Shown Spectra..,

3. Select the spectrum plot option to draw the spectrum.

The following spectrum plot is from the 155mm RAP projectile.

'/ ¥elocity [m/s]: 102.50 alglil

110

a0

50

a0

7

BOT-H-

50

40

a0

20

Spectrum #3915 at 7.500 sec.

Power[dB/Hz]

-------- |""""r'-'-"'v""-'-1-'-""'\'"-'-'-r"'""r'-'-'-'1"""-'.-'-""'i""-'-r-"""1'-'-'-"\""""r'-'-"'r""-'-1-'-""'\"'-'-'-

T

--------------------------------------------------------------------------------------------------------------------------------------------------

900 -800 -fon 00 -500 -400 =300 -200 -100 1} 100 200 300 400 500 BO0 7on ] 300

Vellm/s]

This

plot shows the FFT output 7.5 seconds from start and the cross hair is located at the

largest peak, which is at 102.5 m/s. The peak at 570 m/s is the projectile, while the largest
peak is an object that fell off the projectile when the rocket was started.
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Use If you want to

Selected Spectrum Plot a single FFT output. The FFT is selected by
cross hair on the DTI plot. Moving the cross hair
with the arrow keys updates the spectrum plot.

Average of Shown Plot an average of the FFTs selected by the DTI
Spectra zoom window, see View Details of the DTI (page
104).

Notes

» To use the zoom function, just select an area of interest with the
mouse pointer. The new plot is drawn when the left mouse button is
released.

» The averaging mode is extremely powerful when checking the
system for spurious noise components: point the antenna up into the
sky and record a couple of seconds of signal with and without the
transmitter turned on. Ideally both signals have an identical and
spurious free averaged power spectrum.

10.3.5 Configure the Spectrum Plot

Before you configure the spectrum plot you need to Draw the Spectrum Plot (page 108). A
number of parameters control how the spectrum plot is drawn. To configure e.g. the
Layout parameters:

1. Right click on the spectrum plot to get this menu:

Zoom Out
Select

v futo Scale
Set Scales. ..
Layaouk F

Prink, ..

Copy kvl
Expork Daka, ..

Save Bitmap. ..

2. Select Layout to get this menu:

Edit Title. ..
Edit Top Margin...

Show Header
Show Footer
Shioy Logm

v Show Grid...
Show Legend
Show Frame
Show Time
Connect the Dots

3. Change the parameter and click OK.

The options available in the first menu are:
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Use If you want to

Zoom Out Return to the full size spectrum plot.

Select Not applicable.

Auto Scale Scale the axes based on the power and velocity
values.

Set Scales Manually specify the power and velocity intervals
displayed.

Layout Use the sub menu, see below.

Print Print the spectrum plot.

Export Data Save the spectrum plot as ASCII text file (TXT).

Save Bitmap Save the spectrum plot as an Enhanced Metafile

(EMF), a bitmap file (BMP) or as a compressed
bitmap file (PNG)

Copy Transfer the plot to the clipboard.

The options available in the Layout menu are:

Use/enable If you want to

Title Change the title of the plot.

Edit Top Margin Add/remove margin to the top of the graph.
Show Header Not applicable.

Show Footer Not applicable.

Show Logo Not applicable.

Show Grid Toggle grid on/off.

Show Legend Add legend text to the graph.

Show Frame Toggle an outside border frame on/off.
Show Time Not applicable.

Connect the Dots Not applicable.

10.4 Draw an ST Plot

To access the Process Setup window see Open a DAT File (page 91).
The Signal Time plot (ST Plot) shows the received Doppler signals versus time.

To draw an ST plot:
1. Select the ST processing option.

2. Click the Process button.

This displays a quick view of the signal versus time showing only a subset of the samples
from channel 1:
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I Plot =IOl x|
Doppler Samples: R:\windoppi080703_0010 - rocket dat
35 YokagelV]
0. YAl,IIAFII‘hIA

) 00 05 10 15 20 25 an 35 40 45 50 55 B0 B5 TME[SE:]D

O B o T Bl T o e B e | moe o [ ke | [svowan

I~ Triager pulse. [ | Aoeleration deta

This ST plot shows a rocket launched close to the radar.

To take a further look at the signal versus time:

Use/enable If you want to

Ch1 to Ch16 Draw the selected channels on the same plot.

Trigger pulse Draw the trigger pulse on the same plot.

Acceleration data Draw the acceleration on the same plot.

Skip Samples Draw only a subset of the samples. Uncheck this
option to view all samples.

Plot Line Draw a line between samples from the same
channel. Uncheck this option to view samples as
points only.

From/To Specify the start and end time of the plot.

Apply Redraw the plot with the current settings.

Show All Enable Skip Samples and set the From/To
variables to the start and end of the
measurement. You may need to Zoom out in
order to see the full plot.

Notes

» To use the zoom function just select an area of interest with the
mouse pointer. The new plot is drawn when the left mouse button is
released. See also View Details of the ST Plot (page 112).

» Right click on the plot to configure a set of parameters and options
that control the plot drawing. This is where the Zoom out option is.

» Use the ST plot to verify that the radar receiver is operating at a
reasonable signal level. Select a time interval with a high signal,
uncheck the Skip Samples option and check the signal for saturation
effects (clipping).

» Double click to the right of the Show All button to invert the channel
selection. This is a fast way of selecting all channels.
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View Details of the ST Plot

To use the zoom function just select an area of interest with the mouse pointer. The new
plot is drawn when the left mouse button is released:

RI=FY

Doppler Samples: z:Ajjn\rap_155\master\9234_dat
Voltage[V]

0.25
020
010
0.05 14
0.00
0.051-HH-

015

020

0z : : : : : : : : :
99995 9,939 99997 99393 99393 10.0000 10.000 10.0002 10.0003 10.0004

Time[Sec]
o BR T e I T che | T ERE TS [ EhiE T chis) | T Skip samples Erom: To:
¥ Ch2 [T Che ™ CHE = CH8 | I G0 = CHi2 | Chi4 I CHig |7 Plotline  [3.93%5 0.0008 _Aaply | _Shonal
™ Trggerdata [~ Acceleration data

This plot shows channels 1 and 2 around t = 10 seconds with all samples shown with lines
between them. These are the signals from the first IQ mixer. They are offset by
approximately 90° corresponding to a dominating single frequency signal.

10.5

112

Detect Single/Multi Object Tracks

To access the Process Setup window see Open a DAT File (page 91).

The SOT/MOT processing function permits to identify the objects present in a DAT file
recording and group their measured velocity and position along time into tracks which later
can be incorporated into a WRK file for further post-processing and data visualization. The
SOT (Single-Object processing) identifies only the most prominent object in the recording
and generates a single track record for it. The MOT (Multi-Object processing) generates as
many track records as signals potentially corresponding to targets are found in the
recording.

To activate the SOT/MOT processing:
1. Select the SOT/MOT processing option.
Configure the FFT Parameters (page 98).
Select a predefined set of MOT Parameters (page 113).

Select the 1Q Channels to include in the processing.

o > 0N

Click the Process button.

The status bar shows the progress of the processing. When complete the following
windows are shown:
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Weibel Remote Doppler System - Online - | Ellil

File ‘ Tools Options  Measurement  Wwindow | Help

Track Control i |
Fitting coordinate system—

Vel [mds] WTI-Plat [R: \windoppt080703_0010 - racket_VT| wid], Channels: 11, FFT Paints: 256
; 35
30
325
300
S | -
! W1 T AT BT 250
" Radar 200

™ | D322 @
|
25
i+ Launcher

[~ Use Default Coord. System

™ Edit

[V Auto Arange 100
[~ Show Infarmation

Arrange Make WRE

Elay TRE Show Preview

0
- - - X . . . . 40 45 50 5.5
Time [zec]

[c\Data [ B 0| Device #2

The two sub windows in this figure are:

» The Track Control window listing all the detected tracks and their
unique color, see Use the Track Control Window (page 114).

» The VTI Plot window with each of the detected tracks shown with a
unique color, see Add or Delete Points from a Track (page 118).

10.5.1 Select a Predefined Set of MOT Parameters

To access the Process Setup window see Open a DAT File (page 91). The Processing
Parameter Set area is located at the bottom of the Process Setup form. The drop-down
list at the right allows selecting the parameter set to be used in the next processing.

Processing Parameter Set
lrldefault j [~ Show/Edi Save Delete

In WinDopp only the Default set of parameters are available.

Pre-defined Parameter sets for the MOT:

Use If you want to

default Track a generic target. This is the recommended
set for ballistic projectiles and rocket-assisted
projectiles.

spin_search Parameter set used by the Spin Analysis function.

To create a new parameter set or modify an existing one:

1. Enable the Show/Edit checkbox to view parameter values associated to the

current parameter set. This requires the Enable advanced process settings to
be enabled on the Customize Miscellaneous (page 15) tab.
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Edit the values of the parameters as required

Click Save to store the new parameters. At this point it is possible to decide
whether the new parameters must be stored under the same name or a new
one.

New Parameter File x|

Filer ame

defaul

Ok, I Cancel

To delete an existing parameter set:

1. Enable the Show/Edit checkbox and select the parameter set to be deleted
from the drop-down list.

2. Click Delete.

10.5.2 Use the Track Control Window

When the MOT processing is complete the result is presented on the screen, see Detect
Single/Multi Object Tracks (page 112). The Track Control window provides tools for
inspecting and manually editing the tracks identified by the MOT before the result is
converted into a WRK file for further processing.
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Track Control £

Inazzigned
Tentative
155rmm zhel
Prsz 1

Pecs. 2

1l

f+ Radar

Fitting coordinate system——
L" Launcher

[T Use Default Coord. System

!

[T Edit

[¥ &uta Arange
[~ Show Infarmnation

Arrangegﬂl Make WRE |

Elay THE | Show PrE\riewl

A track is associated with a number of measurement points and furthermore has a set of
configurable properties, e.g. a name and a color; see Change the Properties of a Track
(page 116).

Show or hide a section use the section-checkmark:

1

The Track Control window contains the following options:
Enable/Use If you want to

Available Tracks Show specific active tracks found by the MOT algorithm.
Right click a track to Change the Properties of a Track
(page 116), e.g. name and color.

Show Control which plots to display: VTI, ETI, ATl and RTI.

VTI/ETI/ATI/RTI

Fitting Coordinate Select the coordinate system used for the fitting of data.

System:

Use Def. Coord. Override the coordinate system recorded in the

System measurement file and assign the current default coordinate
system to the results generated by the “Make WRK”
function.
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Enable/Use If you want to

Edit Manually Add or Delete Points from a Track (page 118).

Auto Arrange Resize the selected plots and redraw them every time a
change has been made.

Arrange DTI Resize the selected plots and redraw them.

Make WRK Convert the result to a WRK file for further processing.

Show Preview Quick view of the track results in the form of graphs with

Velocity, Azimuth, Elevation, Range and Altitude vs. Time
and Ground Track relative to the radar location.

Notes

» The first two items on the Tracks list have a special function: The
Unassigned item holds the single points which did not qualify for
tentative track. The Tentative item holds the points that were
assigned to a tentative track without reaching the confirmation level
required to become a real track.

» The operator may want to assign points of an unassigned or tentative
track to one of the real tracks manually, see Add or Delete Points
from a Track (page 118).

» For Inbore Analysis the Track Control window contains an additional
section called “Inbore Processing”. See Perform Inbore Analysis
(page 158) for further information.

10.5.3 Change the Properties of a Track

To change the properties of a track:

1. Click the track in the Track Control window to select it.
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Track Control

[] Unassigned
[] Tentative
155 shell
Pz 1

Pes. 2

1l

f* Radar

Fitting coordinate system——
|7f" Lauricher

[~ Use Default Coord. System
[~ Edt

[ Auto Srange
[~ Show Information

Arrangegﬂl Make WRE |

Elay TRE | Show PrE\riewl

2. Right click to view the options window.

Rename Track.
Delete Track

Mew Track

Merge Tracks
Zhange Colar
Track Settings
Add velocity Info.
Remove Vel. Infao,
YTI to RiCS

3. Select the property to change from the list.
4. Change the property and click OK.

Use If you want to
Rename Track Assign another name to the track.
Delete Track Remove the track from the track list and assign its

points assigned to the Tentative item.
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Use If you want to

New Track Add a new track to the track list. You can assign
points to the track using the Add or Delete Points
from a Track (page 118) feature.

Merge Tracks Merge all points assigned to a track into another
track. The “donor” track is deleted from the list
when the merge is complete. Those points from
the “donor” track which occupy the same time
slice as points in the receiving track are moved to
the Unassigned item.

Change Color Change the color of the track when drawn upon
one of the plots.

Track Settings Change the Track Settings (page 121).

Add Velocity Info. Associate to a track resulting from an FMCW

waveform the velocity CW measurements from
another track (see notes).

Remove Velocity Remove the velocity CW measurements from a
Info. track resulting from an FMCW waveform (see
notes).
Notes

» In general, due to the inherent range-velocity coupling in the raw
FMCW measurements, no validated range measurements will be
provided by an FMCW track unless it has received at least one
velocity measurement from the CW channel. In case no (or wrong)
associations were automatically found during processing, the
“‘Remove Velocity Info.” and “Add Velocity Info.” tools allow to first
remove wrong velocity information from an FMCW track and then
assign the correct one from a CW track (which also can be manually
created by the user)

10.5.4 Add or Delete Points from a Track

To move (or re-assign) points from one track to another track:

1. Enable the relevant tracks from the Tracks list, e.g. the Unassigned and Track
1 and Track 2.

Zoom in on the part of the track you want to edit.
3. Click the Edit check box in the Track Control window.

Note that the window turns white.

4. Select the points to be added to the track with the mouse pointer. The selected
points are shown with a square box around them.

5. Right click and select the target track from the list.
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6.

Vel [m/s]
5300

5275 Exit 17

525.0 Unassigned 10
Tentative o7
5225 Track 1 103

Track 2

520.0

517.5

5150

5125

5100

807.5

505.0

5025

500.0
7.325 7.360 7.378 7.400 7425 7.450 7.475 7.500 7.625

Time [zec]

The points are given the color of the track they are assigned to.

Uncheck the Edit check box in the Track Control window to switch back to
zoom control.

In this example the unassigned points (grey) are selected and then assigned to track 1.

Notes

» To remove points from a track use the same procedure. In step 5
assign the points to the Unassigned track to remove them from the
original track. You can also hit Delete to remove the points from track
without reassigning them to another track.

» You may enable/disable tracks after zooming in on a detail.

» Select Exit from the selection list in step 5 to return to zoom mode.
Same effect as step 6.

Manually Add New Points to a Track

It is possible to add new points to a track directly in the VTI plot. Because this selection
does not convey any phase information, it is only possible to use these points for speed
estimation, not position.

To add a new point to and existing track:

1.

In the Track Control window select the track to add points to, by clicking on the
track name.

In the VTI plot, zoom in on the part of the track you want to edit.

Click the Edit check box in the Track Control window.

Note that the window turns white.

Press and hold the Insert key. This enables manual adding of new points.

In the VTI plot, click one or more times to add new points. Every new click
makes the application process the DAT-file from which the TRK-file was
generated at the location required by the user.

If the application cannot automatically find the DAT-file from which the TRK-file
was generated, a dialog window will pop up allowing the user to manually define
the current location of the DAT-file.
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m Select Source DAT file: _il
Lookin: | | Data x| & &k E-
\wioa0103 n144.dat || w|090622_0156.dat \w| 090822_0157.dat &
|| 100504_0001.dat || 100504_0004.dat || 100504_0014.dat
|™| 100504_0021.dat |™| 100504_0024.dat |™| 100504_0025.dat
|w| 100504_D026.dat |W| 100504_D027.dat |W| 100504_0594.dat
|| 100504_0595.dat || 100504_0596.dat || 100504_0D597.dat
|| 100504_0598.dat || 100504_0614.dat || 100504_0630.dat
|| 100504_D646.dat || 100504_D662.dat || 100504_0679.dat
|| 100504_0697.dat || 100504_0713.dat || 100504_0714.dat LI
File pame: I Open I
Fies of type: [DAT-Fle (") o] Cael |

4

6. Release the Insert key to return to normal edit mode.

7. Uncheck the Edit check box in the Track Control window to switch back to
zoom control.

Notes

» To remove (undo) points from the track during the add procedure,
release the Insert button, click on the unwanted point and press
Delete. Then, press Insert to continue the add procedure.

10.5.6 Manually Track Objects

If for some reason a part of a track has not been detected during the DAT-file processing it
is possible to manually point out the specific region in the VTI plot and redo the SOT/MOT
processing with higher detection sensitivity:

1. Zoom in on the part of the signal you want to track on.
2. Press and hold the Insert button on the keyboard.

3. Inthe VTI view, click on the start of the signal you want to track. While holding
down the left mouse button, drag the mouse up and down to adjust the vertical
interval to search in and then release the mouse button:

Wel [ms]
25 dB/Hz
20 120
114
13 110
104
a 100
5 94
a0
0 24
a0
2 74
10 70
B
15 B0
T
20 50
.25
a0
455 460 465 470 475 480 485 490 435 500 505
Time [zec]

4. Continue to click and drag intervals along the signal, to form a polygonal area
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DAT File Processing

Release the Insert button. This will trigger the SOT/MOT process searching for

a track in the marked region.

If the application cannot automatically find the DAT -file from which the TRK-file
was generated, a dialog window will pop up allowing the user to manually define

the current location of the DAT-file.

While holding the Insert button, the most recently created interval
can be undone by right clicking the mouse.

After SOT/MOT processing the result is added as a new track. To
append the result to an existing track, use Merge Tracks as
described above.

Change the Track Settings

To reprocess the information contained in the points assigned to a track to yield the final
measurements, and modify the way in which this is done.

The parameters in the form that appears when the option is selected are a sub set of the
full set. They have the same meaning, except for the fact that their effect is restricted to the
selected track.

The parameters do not change which points are assigned to the track but only how the
new velocity and range measurements are calculated. Following is a list of the most
common operations.
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Track Settings x|

Filkering I Ranging (MF] | Transponder |

W elociby

M. wariation [ms"4] |1EIEIEI
b ax. initial [mds"2] I'I 0o

Max. gate [mAs]

Azt
b aw. variation [degds"3] |50
b . initial [degis)] 10

b ax. gate [deq] ]

|1 1]
—Elevation

b ax. variation [degs™3] |50

—
|5—

bax. initial [degds]
Max. gate [deg]

—FCW Bange
b aw. wariation [mds™3]  [100

b 2. initial [mdz] 100
b ax. gate [m] 1000

—H ange integratar
[~ Enabled

—

| mitial measurements;:

| mitial e cond. [=];

LTI

|mitial range cond. [m]:

ok | Cancel |

Track Se

Filtering Transponder I

—LCommon zetting

[v Reacgure always

[ Usephaze [ Only phaze
[T Use integrator data

[ Back-integrate

[T | M anales in transitions

Wel. check thrzh. [m/z] I'IEI
Min. # of freq. to reacq. |-1

[+ Usze advanced algarithm

X

—Advanced algonthm settings————
Confirmation segments |12

Confirmation cornt B
Max. gap segments E
Deletion segments 24
Range gate 25

b ax. diztance

1T

ok Cancel
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Trackserongs S x

[T Transponder Track

Frequency affaet [Hz] I-EE?EE.D
Defay =] IEI.EI

I” | Longrange tramspanider Fepetition time [z] |5.1 7HE7535
0k LCancel
Use If you want to

Range Integrator

Calculate range from the integrated velocity of
track when no other information is available. Use
the parameters under the checkbox to set the
initial conditions of the integration process. The
results from the range integrator can be used as a
“seed” for range calculations with MFCW
waveforms (see below).

Transponder Declare the track as being generated by a
transponder. The offset frequency of the
transponder can be set in the “Transponder
Offset” field.

10.5.8 Load a Set of MOT Results

DAT File Processing

When data has been processed with the MOT algorithm, the results are stored on the disk

in the Work Location, where the DAT file holding the Doppler data is stored, see

Customize File Locations (page 13).

To reload the MOT results:

1. On the File menu, click Open

2. From the file select window choose the TRK file

3. Click Open.

Notes

» The Diff. results in the first information box are the differences
between two consecutively selected (Time, Vel) coordinates.
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10.5.9 Generate Work File Results

The tracks generated by a MOT/SOT processing must be incorporated to a Work File for
further processing (trajectory smoothing, drag coefficient calculation, event identification,
data export, etc). To achieve this:

1. On the Track Control window select those tracks that must be incorporated to
a Work File.

2. Click on Make WRK to select as destination Work File for the results, the one
with the same root name as the Track File. If no Work File with that name
exists, a new one will be created.

Should another Work File name be selected, right-click on Make WRK, and
then click on Select destination WRK-file on the pop-up menu.

Make WRK II ¥

'J‘ Select destination WRK-file. ..
| = 8| b Ly

A dialog window will then allow to specify the name of an existing (or to be
created) Work File where the results will be stored.

3. The selected tracks are added to the selected destination Work File and shown
ready for additional processing. For further details see WRK File Processing
(page 163).

10.5.10 Print Results

A single DTI plot can be printed by right-clicking on the plot and select Print. Two or more
of the VTI, ETI, ATI, or RTI plots can be printed on the same page. To achieve this:

1. Inthe Track Control window select (display) those tracks that should be
included in the print.

2. Select Print from the File menu.

Notes

» The print out reflects the current shown DTI settings (color, B/W,
scale, etc.).

10.5.11 Generate an RCS-scaled DTI

The VTI plot linked to a given TRK file may be scaled to show the apparent radar cross
sections of the signals present in it. The scaling is carried out on the basis of the measured
slant range to only one of tracks, being all other signals scaled attending to their relative
amplitude with respect to that of the reference track. The resulting RCS-scaled VTI will
depict blank spectra in those cases where no range data is available from the reference
track. To generate an RCS-scaled DTI:

1. Inthe Track Control window select the track whose range will be used to
create the new RCS-scaled DTI.

2. Right click and select the “VTI to RCS” option of the pop-down menu.
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Rename Track.
Delete Track

Mew Track

Merge Tracks
Zhange Colar
Track Settings
Add velocity Info.
Remove Vel. Infao,
YTI to RiCS

3. The following form appears, which permits to configure how the scaling will be
performed:

RCS-Scaling x|

N =TS A | = b dakahoal 224021030 0012 VTl roewid

Scaling Mode:
f* SMR

" Fiwed Rz Gair: I'IEIEI dB

Ok | Catizel

4. In the “Output File Name” box a name for the final DTl is proposed. The file
name may be changed by clicking on the button to the right of the box.

5. The scaling method is chosen by clicking on the “SNR” or the “Fixed Rx. Gain”
buttons.

In the SNR-based scaling mode, the nominal system noise figure is assumed to
originate the observed noise background of the spectra and the input signal
power levels calculated on the basis of the measured signal-to-noise ratio of the
previously selected track. This is the recommended scaling method for most
situations, since it also accounts for the presence of the Automatic Control Gain
in the receiver chain.

In the Fixed Receiver Gain scaling mode, a given gain is assumed for the
receiver gain, which can be edited, and the input signal levels derived from the
amplitude of the signals. This mode is intended to be used when the data was
acquired with the receiver set in a fixed gain mode.

10.6

UG-2624 1.47

Configure Advanced MOT Parameters

The MOT algorithm is controlled by a large set of parameters offering extensive flexibility. It
is recommended that less experienced users Select a Predefined Set of MOT Parameters
(page 113) that best fit their measurement task.

To activate this window Open a DAT File (page 91), click the MOT/SOT icon and enable
the Show/Edit checkbox in the Processing Parameter Set area. A number of tab sheets
appear below the process window.

Any changes to the settings take effect when the Process button is activated.
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The MOT Process Step by Step

The MOT process is repeated whenever a new Doppler spectrum is available. The time
between these updates is defined by user selected parameters and for the real-time MOT
also the capacity of the processing units (DSPs and CPU) of the RTP.

In each time slot the Multi Object Tracking process performs the following steps:

1.

Analyze the Doppler spectrum

Perform windowed FFT and estimate the signal to noise ratio (SNR) for each
peak in the spectrum and extract those with a SNR above the set threshold.

The output from this step is a raw set of spectrum peaks, each corresponding to
a potential target.

For more details see Define Extractor MOT Parameters (page 134).
Cancel peaks that are likely to be “false” targets

For example spin modulation, harmonics or a mirror image due to mixer
imperfections.

The output of from this step is a cleaned up set of spectrum peaks also called
detections.

For more details see Cancellers (page 136).
Assign detections to existing tracks

For each existing track an updated set of Kalman filters predict the most likely
“next observation” in terms of velocity, elevation and azimuth and intervals of
likely observation values, also called gates. The detection that is within the
gates and is closest to the predicted value is assigned to the track.

If no detection is found within the gate(s) then the track has no update in this
time slot. Note that the size of the gate depends both on the expected dynamics
of the target as defined by e.g. the variation value and on the observed
measurement noise.

The output of this step is a set of updated tracks, a set of tracks with no update
and a set of unassigned detections.

For more details see Define Filtering MOT Parameters (page 139).
Promote or delete tracks
The decision is based on the events in step 3:
e Promote a tentative track with sufficient updates to “confirmed”
e Delete a tentative track with insufficient updates
e Delete a confirmed track with insufficient updates

A good threshold for promoting or deleting tracks takes the dynamics of the
targets observed by the radar into account and has a fair trade-off between
false detections and late detections.

The output of this step is a set of updated tracks.

For more details see Confirming the Track (page 142) and About the Track Life
Cycle (page 145).

Create new tentative tracks

This step takes both the previous and the current set of unassigned detections
into consideration.

The output of this step is a set of tentative tracks and a set of remaining
unassigned detections, which in the next time slot is considered as the previous
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set of unassigned detections.
For more details see Define Management MOT Parameters (page 141).
6. Update the range value of each track

This step depends on the range mode of the radar.

Notes

» If you see the target in the DTI but not as a track then enable the list
of Unassigned detections.

If detections coincide with the trace seen in the DTI then the Kalman
filter gates may be too narrow to accept the detections as valid track
extensions.

If no or very sparse detections are seen then the SNR criteria may be
too high.

» If the track appears much later than the trace seen in the DTI then the
Confirmation Time may be set too high.

About the MOT/SOT Parameters
What's really important about MOT/SOT parameters?

Here is a list, in descending order of importance, of the most significant MOT/SOT
parameters. In general, given a set of parameter values, the same type of results should
be obtained either for MOT or SOT, except for the fact that SOT keeps, after a regular
MOT processing, the most significant tracks attending to the criteria selected in the
“Management / SOT Post-Processing” section.

Max. variation [m/s4], see Define Filtering MOT Parameters (page 139).

This parameter controls how quickly the velocity tracking filter adapts to sudden variations
in the radial velocity (more rigorously, in the radial acceleration) of the tracked target.
Augmenting the value of this parameter amounts to reducing the number of previous
velocity measurements that are used to predict the next measurement (this is, the center of
the association gate), and increasing the rate at which the association gates of the track
will expand when measurements are missing for several periods. It is the first candidate for
a modification if late track confirmation problems (such as at the beginning of ballistic
trajectories near muzzle velocity or separation point). Modifications of several orders of
magnitude are not unusual for very quick scenarios. For slow scenarios, appropriate
reductions of this parameter can provide significant improvements when tracking close or
crossing targets in Doppler.

There are similar maneuver parameters for the elevation and azimuth tracking filters. They
have no effect for the moment in the overall tracking performance as gating is done by
default only in velocity (all gating selection checkboxes in the “Management” section
disabled except for the one labeled “Doppler gating”). Modifying their value will only affect
the apparent smoothness of the filtered angle trajectories when gating information is
depicted in the debug graphs.

Confirmation Time, see Define Management MOT Parameters (page 141).

This parameter determines how long a target must be tracked before declaring the track as
confirmed or rejected (based on its apparent quality). The quality of the track is quantified

Weibel proprietary 127



DAT File Processing

128

WEIBEL

by measuring its observed probability detection, and the quality threshold is determined by
the “Management -> Confirmation %” parameter. Its value corresponds to the minimum
required percentage of the confirmation time along which the track received updates. For
more information see Confirming the Track (page 142).

Scenarios with low sampling rates can benefit in general from longer confirmation times
and higher confirmation thresholds, as this will keep at a minimum the number of spurious
tracks in the results. For scenarios with fast sampling rates or short duration tracks it will
be necessary to reduce the extent of the confirmation time down to values comparable to
the duration of the expected tracks in the recording. This is usually the case when many
tentative tracks are seen in the results but none of them confirmed.

An intermediate possibility lies in activating the “Management -> Range Confirmation”
checkbox. This option adds an additional constraint to the track confirmation decision by
requiring a certain correlation between the measured radial velocity and the range rate
extracted from the MF range channels (according to the settings in the “MF Range”
section). For this option to work the confirmation time must be at least longer than the
frequency step used in the system (typically 0.3 seconds) and the final speed of
confirmation will be highly dependent on the quality of the range information.

Discard Unassg./Discard. Tentat., see Define Management MOT Parameters (page
141).

If checked, no unassigned plots or tentative tracks are stored in the results file. Very
effective to reduce the extent of the track files and to improve the quickness of response of
the track GUI if no further edition is to be carried out.

Deletion Time, see Define Management MOT Parameters (page 141).

This parameter quantifies when the tracks will be regarded as finished. This will occur
when a track doesn’t receive any confirmation for a time longer than the one specified by
the parameter. Given the low probability of avoiding the association of incorrect detections
to a track when prolonged target fading takes place, its main utility is avoiding that
additional spurious information is added to the track once it is effectively finished (by
reducing the extent of the deletion time). A similar result can be obtained by controlling the
maximum extent of the association gate with the “Filtering -> Max. Vel. Gate (m/s)’
parameter, which in clean and slow scenarios can provided better results.

Minimum Velocity, see Define Extractor MOT Parameters (page 134).

This parameter controls the minimum absolute radial velocity required for a detection to be
considered as a candidate for MOT/SOT processing. This is an effective method to get rid
of spurious tracks originating from low velocity clutter targets, such as clouds and birds.
Extreme care must be taken to ensure that the actual target velocity is above this
threshold. Otherwise the target detections are also cancelled. If targets must be track down
to very low velocities it is preferable leaving the rejection of spurious clutter signals to the
confirmation logic.

Minimum SNR, see Define Extractor MOT Parameters (page 134).

This parameter represents the detection threshold used by the MOT/SOT extractor.
Starting from the noise level estimated from the cells surrounding the target, a noise
margin of that many dB is added to obtain the final detection threshold. The
correspondence between apparent target signal strength and detection expected

erformance is thus clear. The default setting guarantees a probability of false alarm of 10

in thermal noise with the default reference size. Any reduction will result in improved
detection of weak targets but increased false alarms. To be handled with care. A 2 or 3 dB
variation makes a lot of a difference in terms of false alarm rate.

Max. ini. [m/sz], see Define Filtering MOT Parameters (page 139).

Weibel proprietary UG-2624 1.47



WEIBEL

10.6.3

UG-2624 1.47

DAT File Processing

It determines the maximum radial acceleration that any target will be allowed to have to
initiate a track on it. Its main purpose is to avoid the creation of targets on false alarms
caused by thermal noise. If the false alarm probability is raised (for example by reducing
the value of the previous parameter) it might be necessary to lower it to reduce the
generation of spurious tracks. The default value (1200, this is 12G) should be enough to
initiate a track on almost any kind of object.

There are versions of this parameter for the azimuth and elevation filters. Same comment
applies as before: their value is irrelevant as long as only the Doppler gating option is
active (which for the moment is the most robust configuration).

Peak Search Thrs, see Define Extractor MOT Parameters (page 134).

This parameter sets the peak detection sensitivity of the extractor. In brief, the peak of an
area of detections is declared when at some point the signal level goes through a variation
with respect to highest point found so far higher than the number of dB specified by the
value of the parameter. It may be interesting to modify its value either, to gain some in-
peak resolution by reducing its value (of doubtful utility in most cases), or to achieve the
grouping of several near peaks into one single dominant. This may be interesting in
situations where the presence of several near targets leads to erratic track maintenance or
unsuccessful track confirmation.

Modulation Canceller, see Define Extractor MOT Parameters (page 134).

The modulation canceller prevents spurious signals generated by spin, jet engine, and
rotor blade modulation from being declared as valid signals and subject to give rise to new
tracks, this false even leading to the loss of the main track. As general rule, it is
recommended to leave all cancellers activated when processing a DAT-file, since this will
yield the most consistent results. However in some situations the canceller may originate
non-intuitive track terminations, such as when a bigger object part separates from a
smaller one, which happens to be the piece of interest. This effect has been observed
tracking 155 mm RAP, and the predefined parameter set “rap155” addresses the problems
caused by this phenomenon when running a SOT processing, by deactivating this
canceller. Running the MOT process with this canceller deactivated may lead to generation
of undesired tracks if the projectile presents heavy spin modulation.

Define Miscellaneous MOT Parameters

To activate this window Open a DAT File (page 91), click the MOT/SOT icon and enable
Advanced Settings. On the FFT Options tab the Misc. parameters provide additional
control over the way FFTs and phase difference calculations are performed.

Weibel proprietary 129



WEIBEL
DAT File Processing DOPPLER RADARS

(FFT ptians | MOT Options |

bisc. | |'-.-'||:|I:|:|m|:||
Draw Type
[ = Tl

Femaove DC [v

wwindow: IEIackman-He "I
RS 1 3 Restore Defaulkz

The following processing options are available:
Use If you want to

Restore Defaults Recover the settings of the factory “default” Pre-
Defined parameter set.

Remove DC Eliminate residual DC levels in the signal (must be
deactivated when processing Motion-
Compensated files)

Window Change the weighting function employed by the
FFT processor. It determines the minimum
amplitude and frequency difference between
signals that the processor can resolve (see
notes).

Zero Padding Multiply the size of each FFT by the given factor
by padding the signal samples with zeros

Notes

» The available FFT window functions are listed next with their
associated highest side lobe level and equivalent noise width:

Hanning: -32 dB ; 1.5 bin
Rectangle: -13 dB ; 1 bin
Blackman-Harris: -92 dB ; 2 bin
Hanning-Poison: - ; 2 bin
Hamming: -43 dB ; 1.36 bin

» Care must be taken when changing the window function to also
modify the “Avrg. cells per side” parameter (see Define Extractor MOT
Parameters (page 134)) correspondingly (to be set to 3 if a Blackman-
Harris window is used).

This is also true when using the Zero Padding feature, see Calculate
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the Signal to Noise Ratio (page 138).

10.6.4 Define Motion Compensation MOT Parameters

To activate this window Open a DAT File (page 91), click the MOT icon and enable

DAT File Processing

Advanced Settings. The controls on the MoComp tab sheet permit to compensate for the
acceleration of the target of interest and therefore increase the FFT size to achieve higher
processing gain and sensitivity.

FFT Optians | MOT Oiptions |

Misc. | Blanking MDEDITIDI

v MoComp

£ From "WorkFile: Iu::'xdata"-.u:al_EE'xElm (30007 2 vk, J

Selact Hesultl Wel. Sampling [mz): |5

* Acceleration [mds2); IEI

I.-'l'-.cc anly j

The following processing options are available:

Use

MoComp

From WorkFile

Select Result

UG-2624 1.47

If you want to

Compensate for the acceleration of the object of
interest inside each FFT to achieve higher
sensitivity. Select in the accompanying box “V and
R” if you want to obtain a DTI with the signal
translated to zero (reduces the effect of sidelobes)
or “Acc only” if you want to leave the signals at
their original positions.

Employ at each point the instantaneous
acceleration of the target as determined by a
measurement result entry (either synthesized or
from a previous processing) in the Work File
whose name and location are shown in the edit
box aside. By clicking on the button to the right it
is possible to change the Work File from which
the motion compensation information must be
extracted.

Choose the result entry in the above determined
Work File that will be used for instantaneous
acceleration compensation.
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Manually introduce a constant acceleration for the
target which will be used throughout the
measurement (no information extracted from a
Work File).

If you want to

10.6.5 Define Noise MOT Parameters

To activate this window Open a DAT File (page 91), click the MOT icon and enable
Advanced Settings. The set of parameters on the Noise tab sheet allow controlling the
size of the track association gates.

FFT Optiors

Welocity

Moize |E:-:trau:tu:ur| Filteringl Managementl Transpnnderl SOT |
—tMeazurement eror factor [ime—— 1 Measurement eror [fms——————

1 Welocity [mz] 1]

— User-defined naoize level
FET nmize [evel [dE]

|25— Max. AC [dB m™24s5] IEEIZ. 3

[T Use anly far BCS calzulations

Edit AC... |

Festare Defaultz |

SHF offset [dB] ||:|
Minirum SME [dB] I'I'I.EB

The following processing options are available:

Use

Measurement error

factor

Measurement error

Max. AC

132

If you want to

Multiply the measurement noise estimate by a
given factor. This will result in a widening of the
point-to-track association gate by the same factor.
(See note.)

Add a given value to the measurement noise
estimate. This will result in a widening of the
point-to-track association gate by the same
amount. (See note.)

Shows the maximum antenna loop gain
achievable by the antenna used during the
measurement.
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Use
Edit AC...

SNR offset

User-defined noise
level

FFT noise level

Use only for RCS
calculations

Use
Minimum SNR

Notes

If you want to

Activates tool to manually re-define the applicable
antenna loop gain parameters. See Define
Antenna Loop Gain (page 133).

Introduce a manual offset to be added the signal
SNR values estimated by the processor.

Disable the automatic receiver noise level
estimation and instead provide a known fixed
noise receiver level.

Specify a fixed receiver noise level in the same
dB units as shown on WinTrack’s DTI plots (see
notes).

Use the given fixed receiver noise level only for
the SNR calculations from which the RCS is
estimated, while leaving the detection of targets
still based on the adaptive noise level estimation
(this prevents the declaration of unnecessary
false alarms in case the overall noise level in the
receiver increases occasionally due to external
factors).

If you want to
Set the minimum signal detection threshold.

Measurement points with signal/noise ratios
below this value will be discarded.

» The noise level shown on WinTrack’s DTI plots is normalized such
that for a given gain and noise factor in the receiver the average noise
level is kept constant independent of the number channels processed,
the FFT size and the sampling rate of the measurement.

» The gate correction factors (either multiplicative of additive) are
applied to the gate sizes determined from the SNR of the signals.
When both a multiplicative and an additive correction can be defined
for a gate, the multiplicative factor will be first applied to the gate size
determined from the SNR of the signal, followed by the additive factor.

» The additive correction factor for the velocity gate (“Vel. modul.”, and
also “Rng. modul” for FMCW modes) is probably the most useful of all
gate corrections since it allows widening the velocity association gate
to account for target-induced modulations which may jeopardize
tracking of certain targets, such as certain classes of rocket-assisted

projectiles.

Define Antenna Loop Gain
To redefine the antenna loop gain parameters used to process the measurement:

1. Click the “Edit AC...” button on the “Noise” tab of the “MOT Options”. The
following form appears:
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/' antenna Constant Editor x|

—Mew Procezsing Parameters:

Max. dntenna Const: I 2301 dB
Elev. Opening Angle: I 446 deg
Azim. Dpening Angle: I 523 deg

—Antenna Parameters:

Antenna Type: M5 L-E0037
Transmigzion Freaq.: Iw GHz
Tranzmizssion Power: I—ED A
Gain: I
Elew. Opening Angle: IW deqg
Azim. Opening Andle; IW deqg
Maize Factar: I—'IE dB

Apply |

ju

k | Canicel |

2. If known, the desired maximum antenna loop gain and minimum azimuth and
elevation opening angles achievable by the antenna can be typed in directly in
the “Max. Antenna Const”, “Elev. Opening Angle” and “Azim. Opening Angle”
edit boxes.

3. Incase itis preferred to use the standard parameters of a known antenna
model, choose the name of the desired model in the “Antenna Type” box and
click “Apply”. By selecting the “User defined” antenna type it is possible to
define a new set of antenna parameters and from them the resulting maximum
antenna constant to be used for processing by clicking “Apply”.

10.6.7 Define Extractor MOT Parameters

To activate this window Open a DAT File (page 91), click the MOT icon and enable
Advanced Settings. The parameters on the Extractor tab sheet determine the way
signals are detected and classified.
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The settings are divided into three sections: Peak extraction, Cancellers and Velocity
window. The settings are described in the following.

Peak Extraction

These settings control how the peaks in the FFT spectra are detected and extracted.

Use

Noise cells per side

Guard cells per side

Average cells per
side

Peak search thrs.

If you want to

Set the number of noise FFT bins to each side of
a detected signal from which the receiver noise
level is estimated. See Calculate the Signal to
Noise Ratio (page 138).

Set the number of FFT bins left (not used for
noise level estimation) between a detected signal
and the noise cells.

Set the number of FFT bins to each side of a
detected signal which are used to estimate its
velocity or range centroid.

Define the peak detection sensitivity of the
extractor.

This setting affects where (in frequency) one peak
ends and another one is allowed to begin. The
peak ends on each side where its height gets this
much lower than its maximum value.

Increasing this value means a larger span from
peak maximum to the base of the peak, and thus
it may also mean a wider peak. The consequence
of this is that weak signals may be masked out by
stronger signals, decreasing the total number of
detections. This may help increase track stability
in certain situations.
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Recursive search Define how many recursions of the peak detection
procedure that are allowed. More recursions will
enable the detection of weaker signals, but will be
more time consuming.

Enter 0 (zero) to allow repeat until no more
detections are found.

Robust noise Avoid possible numerical errors when estimating
estimation the receiver noise level (more time consuming).
Freq. calib. Apply (or ignore) the frequency calibration

coefficients contained in the measurement files.

Minimum velocity Set the minimum absolute radial velocity required
for a signal detected in the CW channel to be
considered. Measurements that don’t meet this
criterion are declared as clutter.

10.6.7.2 Cancellers

The cancellers are used to filter the extracted peaks based on certain criteria described
below. The parameters are shown in the order in which they are applied in practice.

Use If you want to

Spurious Activate the test to reject spurious signals
generated by interference or receiver saturation.

A spurious signal consists of a pair of components
with the same absolute frequency but with
opposite signs. The difference between their
amplitudes must be less than the Image
threshold described below.

If two such signals are found, both are declared
as spurious.

Image threshold Activate the image canceller, which rejects
spurious signals generated by non-ideal image
rejection in the receiver, and specify the minimum
image signal rejection ratio.

If two components have the same absolute
frequency with opposite signs (as described
above), but their amplitudes differ by more than
the Image threshold, the one with the lowest
amplitude is declared as an image and rejected.

Raising the Image threshold will result in more
pairs of spurious components and a lower overall
number of symmetrical components getting
declared as valid.
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Harmonic Activate the test to reject harmonic spurious
signals originated by receiver saturation.

Starting with the peak with the highest amplitude
and frequency f, it will look for components with
lower amplitudes and frequencies 2f, 3f, ..., nf, for
n up the order number entered in the text box.

Spin mod. distance Activate the spin modulation canceller, which
looks for a center component and pairs of
symmetrical components around it.

To be declared as spin, a measurement point
must be coupled with another point, these two
points being symmetrical in velocity and amplitude
around a third point.

The entered distance is a measure of how much
the expected velocity and amplitude of a
measurement point may differ from its actual
value in order to be classified as spin.

Raising the distance value will cause more points
to be declared as spin modulations, at the cost of
more wrong detections.

Modulation distance  Activate the modulation canceller.

Modulations are detected by looking for points
which coincide in elevation and azimuth. The
measurement point with the highest amplitude is
determined to be the true target, i.e. the originator
of the modulations, and the others are declared
as modulations.

The entered distance is a measure of how much
the angles of a potential modulation may differ
from its originator in order to be declared as a
modulation.

Raising the distance value will cause more points
to be declared as modulations.

Intermodulation Activate the test to reject spurious signals
resulting from second and third order
intermodulation products in the receiver.

The following figure illustrates the difference between the different kinds of spurious
signals encountered.
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A The frequency originating from the main object.

A, Modulation frequencies. They may originate from spin or jet-engine
modulations. These frequencies normally lie on both sides of the main
frequency, and they may or may not be symmetrical around the main
frequency. If they are symmetrical in frequency and magnitude around the
main frequency (normal for spin modulations), the spin-modulation canceller
may be appropriate. If they are not, the normal modulation canceller is
recommended.

Only two modulation frequencies are shown. There may be more.
S. Spurious frequencies. These frequencies are symmetrical in frequency and
magnitude (within a margin given by Image threshold) around zero.
A, Image frequency. This frequency lies directly opposite of A, but its magnitude
is more than Image threshold smaller than A.

H, Harmonic frequencies originating from A. It is seen that their frequencies are
integer multiples of fa. The harmonic canceller will reject the first N of these
frequencies.

10.6.7.3 Velocity Window

Process only those signals located in the velocity range defined by the following two
parameters. Plots that fall outside of the defined interval are rejected as clutter.

This parameter is set correspondingly by zooming into a QDTI/DTI and requesting a

processing.
Upper limit Specifies the upper limit of the velocity window.
Lower limit Specifies the lower limit of the velocity window.
10.6.7.4 Calculate the Signal to Noise Ratio

The signal to noise ratio (SNR) is defined as the power of the detected signal (received
from the target) divided by the noise power in one FFT bin.
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A Power spectrum output

A: Avrg. cells per side
B: Guard cells per side
C: Noise cells per side

e C— e BAr AreBo C FFT Bin No.

To calculate the SNR we average the noise power across a number of FFT bins and we
estimate the signal power using the peak FFT bin and some of its neighbours:

P(noise per cell) = Average of the grey power spectrum bins.
P(signal+noise) = Sum of the green power spectrum bins.

Note that the P(signal+noise) value has a contribution from the noise which is proportional
to the number of bins used in the sum. We want to correct for this effect by subtracting the
estimated contribution from the noise.

P(signal) = P(signal+noise) — (1+2*nAvgCellsPerSide)*P(noise per cell)
SNR = P(signal) / P(noise per cell)
When plotting the power spectrum versus frequency the unit dB/Hz is often used. In this

case each spectrum value is divided by the distance between FFT bins in Hz before the dB
value is calculated.

Notes

» Doubling the FFT size (and thereby the observation time) improves the SNR by
3dB provided that the signal is a fixed frequency.

» The estimated SNR value depends on the window function used. To compensate
for this effect use the SNR Offset parameter to manually set the offset value, see
Define Noise MOT Parameters (page 132).

In case the default Hanning window is used leave the SNR Offset = 0.

» If Zero Padding is used, see Define Miscellaneous MOT Parameters (page 129),
the number of averaging cells, guard cells and noise cells per side should be
multiplied by the zero padding factor.

Doubling the Zero Padding factor increases the SNR value by 3dB. The RCS
value remains unchanged.

Define Filtering MOT Parameters

To activate this window Open a DAT File (page 91), click the MOT icon and enable
Advanced Settings. The parameters on the Filtering tab sheet determine the sensitivity
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of the tracking algorithms to maneuvers performed by the tracked objects. It also contains
parameters to define the operation of the velocity integrator for non-ranging systems.

FFT Optians :

Moise I Extractor  Filkering | Managementl Transpnnderl SOT I

Welociby

Max. jerk var. [mds™4] I'IEIEIEI
M aw. initial [ms"2] 250
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Fange integratar—— | [~ Estimatar

[ aitial e cond. [&] IU Yelocity
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K.almarn filker j

The following processing options are available for velocity, elevation, azimuth and FMCW

range:

Use

Max. jerk var.

Max. initial

Max. gate

Notes

If you want to

Change how quickly the tracking filter adapts to
sudden variations in the acceleration of the
tracked target.

Higher values lead to a more dynamic filter, which
is able to adapt to more abrupt rate changes, but
it will also cause the filter to be diverted more
easily in cases of small holes in the track or other
tracks crossing.

Lower values will make the filter less dynamic and
more inclined to stay on track, but the filter’s
ability to adapt to sudden rate changes will be
reduced.

Modify the maximum rate of the target at the
beginning of a track.

Limit the size of the point-to-track association
gate.

» Wrong filter parameters — especially Max. variation — can seriously degrade
tracking performance, so care should be taken in choosing the right values.

Post-processing similar measurement beforehand to determine a good set of
parameters is a good idea.

>  The parameters and thus performance of a given tracking filter is only relevant if
gating is performed on that particular filter.
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Other parameters:
Use

Range Integrator

Initial Range Cond.

Initial Time Cond.

DAT File Processing

If you want to

For non-ranging systems, activate range
calculation based on radial velocity integration.
For MF-ranging systems, introduce range initial
conditions for elimination of ambiguities.

Specify the range of the target at a known time.

Specify the time to which the range given at
“Initial Range Cond.” is referred.

Estimator Select what kind of estimator to use for the
velocity tracking filter.
The options are:
- Single KF: Order 2 Kalman filter.
- IMM2 (2, 1): IMM estimator with 2
interacting Kalman filters.
- IMM3(2, 1, 2): IMM estimator with 3
interacting Kalman filters.
See the section CW Channel in the chapter
Doppler Track Control in the RTP-2100 manual
for a description of the options.
10.6.9 Define Management MOT Parameters

To activate this window Open a DAT File (page 91), click the MOT icon and enable
Advanced Settings. The parameters on the Management define how tracks are
confirmed, maintained and associated to other tracks.

Moise I E:-:trau:tu:url Filtering  Management | Transpnnderl SOT I

II]— [+ Conzec. only [+ Diopp. gating
II]— [T Discard unassg.

|3— [T Discard tentat,

I'II:II:I— [T Last meas. gate

IF ¥ Zem-Doppler W Com. once

Blat time [z]
Confirmation time [z]
Confirmation paints
Confirmation 2

Deletion time [z]

The following processing options are available:
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Use If you want to

Plot time Change the maximum time separation between
two plots for a tentative track to be initiated on
them. Without effect if “Consec. Only” is active.

Confirmation Time Set the minimum time from the first detection and
until the tentative track is evaluated and confirmed
(or rejected). See Confirming the Track (page
142).

Confirmation Points  Set the minimum number of algorithm cycles
(FFT’s) to be performed before a tentative track is
evaluated and confirmed (or rejected). See
Confirming the Track (page 142).

Confirmation % Set the minimum percentage of track detections
within the evaluation time. This value defines the
confirmation threshold. See Confirming the Track

(page 142).
Consec. only Only allow plots appearing on consecutive FFTs
to give rise to a new tentative track.
Discard unassg. Remove unassigned plots from the final track file.
Discard. tentat. Remove tentative tracks from the final track file.
Last meas. gate Set the size of the association gates according to

the estimated accuracy of the last measurement
received by a track.

Doppler gating Discard new measurements being added to a
track if their Doppler velocities do not correlate
with the predicted Doppler velocity for the track.
(see note)

Correlate once If active, an FMCW is only correlated with CW
tracks until a match is found and its velocity
ambiguity is resolved.

If inactive, an FMCW track will be correlated with
CW tracks periodically.

Zero-Doppler If active, FMCW tracks may be created even on
targets with zero velocity.

Notes

» The predicted measurement gates and their size are determined by
the values of the parameters on the Noise (see Define Noise MOT
Parameters (page 132)) and Filtering (see Define Filtering MOT
Parameters (page 139)) tab sheets.

10.6.9.1 Confirming the Track

A tentative track is evaluated when it has reached a certain age. The age is defined as a
number of potential detections, Nconf, since and including the first detection; see below for
more details.
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The evaluation process counts the number of track detections and compares that to the
number of potential detections. If the detection rate is equal to or higher than the
confirmation percentage the track is promoted to a confirmed track.

The number of potential detections, Nconf, takes two user defined parameters into
account: confirmation time and confirmation points.

The confirmation time criterion means that the track stays tentative from the first
detection and until this time has expired. The number of potential detections within this
time window is Nct :

» Nct = confirmation time * FFT rate
» FFTrate=1/Tobs/ (1 - overlap)

If we use Tobs = 10ms, overlap = 50% and confirmation time = 200ms we get:Nct = 40.

The confirmation points criterion means that at least the specified number of potential
detections, Ncp, are evaluated (including the first detection).

The actual number of potential detections (FFTs) evaluated is:

» Nconf = max {confirmation points, confirmation time * FFT rate}

Note that setting any of the two parameters, confirmation time or confirmation points to
zero means that the other parameter defines Nconf.

When Nconf potential detections have been collected the tentative track is evaluated by
counting the number of track detections Ndet. The track is confirmed if:

» Ndet >= Nconf * confirmation percentage / 100

If the tentative track fails to meet this criterion it is discarded. As a consequence all
detections associated with the tentative track are discarded as well. Note that this is
different from a sliding window approach.

As an example we consider the situation where the target we want to track has a
probability of detection in each FFT of Pd1 = 0.9. At the same time we need to take into
account that other targets are present in the beam and we don’t want to track them. They
have a probability of detection of Pd2 = 0.6 in each FFT.

The following figure shows the probability of track confirmation when a tentative track is
established as a function of the number of FFT’s considered when evaluating the
confirmation percentage = 0.75 criterion. Each of the graphs corresponds to a specific
probability of detection in a single FFT, Pd.
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Confirmation Pct = 75.00 %
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Max(Confirmation Points, Confirmation Time * FFT rate)

We note that at Nconf = 10 there is a 0.95 chance of confirming the right track and a 0.23
chance of confirming the wrong track. In most cases this is unacceptable because tracking
the wrong target may compromise the mission.

At Nconf = 35 there is a 0.995 chance of confirming the right track and a 0.034 chance of
confirming the wrong track. So we get a much better probability of locking onto the right
target at the cost of a longer time to confirm the track.

Note that the graphs are not smooth, whenever (Nconf * confirmation percentage) is an
integer the probability of track detection jumps to a higher value. That is because we get
an extra FFT output to evaluate, but the number of required detections does not increase
compared to (Nconf — 1).

If the time to confirm the track must be much shorter due to the nature of the mission, then
we need to reduce Nconf. When the wanted target detection probability is high, then we
may choose to increase the confirmation percentage e.g. to 90%.
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Confirmation Pct = 90.00 %
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At Nconf = 10 and Pd1 = 0.95 there is a 0.93 chance of confirming the right track and a
0.07 chance of confirming the wrong track. So even with a higher detection probability the
shorter time to confirmation reduces the probability of getting the right track confirmed and
increases the probability of confirming the wrong track.

10.6.9.2 About the Track Life Cycle

To create a new confirmed track the MOT algorithm performs the following:

1. When two unassigned detections appear within certain limits in Doppler velocity
and time then a tentative track is opened. See Define Management MOT
Parameters (page 141) and Define Filtering MOT Parameters (page 139).

2. The track will stay tentative until confirmation time seconds has elapsed AND
at least confirmation points MOT iterations have been performed.

3. The track is promoted to a confirmed track if the following is true:

e The track has received measurements (that lie inside it's gate) for at
least confirmation percentage % of its life time, see Confirming the
Track (page 142).

e Itis NOT an acceleration modulation (if "Modulation acceleration
canceller" is active),

The tentative track is closed if the conditions in step 3 are not met. Note that a tentative
track is always alive for at least confirmation time seconds.

To delete a confirmed track the MOT algorithm performs the following:

1. Everytime an FFT is performed the MOT looks for possible extensions of the
track. The detection is assigned to the track if the following is true:

e |tis within the specified gates of the track

e Itis the most likely track extension to have happened.
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10.6.10

146

If one or more detections fall within the gates of two or more tracks THEN the

WEIBEL

detections are assigned to the tracks on a maximum likelihood basis.

2. The track is deleted without further notice if deletion time seconds has elapsed

since the last track point was assigned to the track. Otherwise it stays

confirmed.

Define Transponder MOT Parameters
To activate this window Open a DAT File (page 91), click the MOT icon and enable

Advanced Settings. The parameters on the Transponder tab sheet allow activate the

transponder processing functionality.

FFT Optians :

Moise E:-:trau:tu:url Filteringl anagement Transpander |SEIT I

Tranzponder number

Transpohder present

[ | Longrange transponder Repetition bme =] IU

-

Freq offzet [Hz] I-EE.?EB
[elay =] IEI

It is possible to keep track of up to 7 transponders (LRT-2100 and/or MC-100). The
following processing options are available for each of these:

Use

Transponder
present

Transponder offset

Delay

Long-range
transponder

Repetition time

If you want to

Indicate that the transponder was active when the
measurement data was recorded.

Enter the frequency offset introduced by the
transponder.

Enter the delay introduced in the signal by the
transponder. This delay is converted into a range
offset, which is subtracted from the calculated
range.

This parameter works both for long-range (LRT-
2100) and normal (MC-100) transponders.

Select whether this transponder is a long-range
transponder (LRT-2100).

The repetition time of the long-range transponder.

If the measurement file was generated with the transponder option activated, these

parameters are automatically set to the values that were used during the measurement.
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Define SOT Parameters

To activate this window Open a DAT File (page 91), click the MOT icon and enable
Advanced Settings. The parameters on the SOT tab sheet control how the most

prominent track is selected during or after processing.

Moise I E:-:trau:tu:url Filteringl b anagement | Transponder 50T |

Track Selection Method: Selection Fule IHighest SHA j
I.-“-‘-. posterion 50T j

¥ Hold umtil deletion

[ Riview 7 AT Save bl s Mum. Tracks |'|

Wiavetorm Fule ||:.;.m|:., Search j

The following processing options are available in the Track Selection Method list:
Use If you want to

Real-Time SOT The most relevant signal at any time being
declared as the target of interest and its
measurements placed into the same track record.

Selecting this option is identical to selecting the
SOT processing option under Select the
Processing Algorithm (page 97).

A posteriori SOT After a MOT has been performed, only the most
relevant tracks according to the previous selection
criterion will be kept.

MOT Selecting this option is identical to selecting the
MOT processing option under Select the
Processing Algorithm (page 97).

The following processing options are available:
Use If you want to

Hold until deletion A new most relevant signal will be selected only
when the current one has been terminated.

Selection Rule Define the criterion according to which a new
most relevant signal will be selected.

Waveform Rule Constrain the search of the most relevant signal
only to the CW or the FMCW channel.

Weibel proprietary 147



WEIBEL
DAT File Processing DOPPLER RADARS

Use If you want to

Max. Num. Tracks Define how many tracks will kept when the A
posteriori SOT option is selected. If RT View is
selected, it also determines the maximum number
of tracks that will be shown on the display
simultaneously.

10.7 Perform Spin Analysis

To access the Process Setup window see Open a DAT File (page 91).

The Spin Analysis function carries out a MOT process on a motion compensated signal
so that separate tracks are generated for the object signal (frequency translated to DC
after the motion compensation) and the spin modulation signals located inside a
predefined frequency range around the target signal.

A prerequisite to initiate a Spin Analysis is having completed a MOT/SOT process of the
object for which a Spin Analysis is required (see Detect Single/Multi Object Tracks (page
112) for further details) and generated a result in a Work File with the trajectory of the
object (see Generate Work File Results (page 124)).

To perform the Spin Analysis:
1. Select the Spin Analysis processing option.
2. Configure Spin Analysis Options (page 150).
3. Click the Process button.
4

In the form that appears select the trajectory in the selected Work File that
contains the data for which the spin analysis is performed and click Ok.
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5. A Track Control window for the Spin Analysis results appears which allows to
fine edit the results of the algorithm. Besides the Unassigned and Tentative
entries the Spin Analysis results consist of a track corresponding to the object
itself (Main Object track), which cannot be deleted but whose points may be
moved from and to another track, and a series of Spin tracks which represent
the found spin signals. See Use the Track Control Window (page 114) for
further details on track editing.

In general the spin track with the lowest offset from the Main Object track is the
one that contains the desired spin information. Typically this spin track has an
image with which it can be merged (see Change the Properties of a Track (page
116)) to maximize the time for which a spin measurement is available.
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6. To create a Work File result with the Main Object track plus the desired spin
information, select only one spin track on Track Control window (in general one
which can be the result of merging several initial spin tracks) and click Make
WRK.

10.7.1 Configure Spin Analysis Options

To activate this window Open a DAT File (page 91), click the Spin Analysis icon and
enable Advanced Settings.

Spin Analyzis Options |

Framm W orkfile: I _l
Spin Division Factor: |1 n

b aRirum S pin [rps]: 200

The following options are available:
Use If you want to

From Workfile Modify the Work File from which the object
trajectory must be read. Click on the button to
right to open the file open dialog box.
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Use If you want to

Spin Division Factor  Set the factor that relates the frequency of the
found spin modulations and the actual object’s
spin rate. This factor is a function of the
characteristics of the object. As a rule of thumb,
this factor must be set to the number of fins of the
projectile if this is an even number and twice this
value if the projectile has an odd number of fins.

Maximum Spin (rps)  Limit the maximum spin rate that the algorithm
tries to identify.

10.8

10.8.1

UG-2624 1.47

Perform Channel Verification

To access the Process Setup window see Open a DAT File (page 91).

Channel Verification is a set of plots that share the property that there is a graph for each
processed channel plus a graph for the summation of the channels. The plots are used to
verify or diagnose the overall performance of each channel in the antenna that was used to
record the DAT file.

To activate the Channel Verification:
1. Select the ChStatus processing option.
Configure the FFT Parameters (page 98).
Select a predefined set of MOT Parameters (page 113).
Select the 1Q Channels to include in the processing.

Select Channel Verification Output (page 151).

S O

Click the Process button.

The status bar shows the progress of the processing for each channel. When complete
the output plot is shown.

The processing is performed by running a SOT on the data for each channel and then
calculating the desired output on the result of the SOT processing. Therefore the output is
dependent on the SOT parameters.

Select Channel Verification Output

To activate this window Open a DAT File (page 91), click the ChStatus icon and enable
Advanced Settings. On the Channel Status Options tab sheet you the output you want.
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v &dvanced Settings

Charnel Statuz Options | FFT Options | MOT Options

Select a process:

[A-factar plats
SMR plots
MHoize plotz

The following processing options are available:

Use If you want to

Loop Gain plots When you have a measurement of an object

(page 152) where the actual radar cross section is known and
you want to evaluate the performance of each
channel.

Q-factor plots (page  When you have a measurement of an object

154) where the actual radar cross section is unknown
and you want to evaluate the performance of
each channel.

SNR plots (page When you have a measurement of an object and

155) you want to evaluate the signal to noise ratio of
each channel.

Noise plots (page When you have a measurement of thin air

157) (elevation > 80 deg) and you want to evaluate the

noise levels of each channel in the antenna.

10.8.2 Loop Gain Plots
The Loop Gain plot is divided in two sections: A graph to the left and a list to the right.
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The graph displays the measured loop gain as dots and the average loop gain as a
horizontal line.

The list contains the channels that have been processed and the average loop gain for
each channel. You can uncheck a channel to remove it from the graph.

The parameters for the calculation of the loop gain can be modified:

Use If you want to

From Change the range interval to include in the

To calculation of average loop gain for each channel.

RCS Change the radar cross section of the measured
object. The calculation of the loop gain uses this
value.

Refresh Recalculate the loop gain of each channel with

the entered limits and RCS.

Print Loop Gain Plot
There are two ways to print a loop gain plot.

To print a loop gain graph alone:
1. Right click the graph and select Print...
2. Adjust the print options.
3. Click Print.

To print a loop gain plot including the list of average values:
1. On the File menu, select Print...
2. Adjust the print options.
3. Click Print.

Export Loop Gain Plot
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There are two ways to export a loop gain plot.

To export a loop gain graph alone:
1. Right click the graph and select Save Bitmap... or Export Data...
2. Enter afile name.
3. Select afile type.
4. Click Save.

To export a loop gain plot including the list of average values:
1. On the File menu, select Save Bitmap or Export Data
Enter a file name.

2
3. Select afile type.
4

Click Save.
10.8.3 Q-factor Plots
The g-factor plot is divided in two sections: A graph to the left and a list to the right.
L=
Quality Factor Ratio vs. Slant Range Integrated (radar) [tz e et
175 QJuality Factor R atio [dB] From [m]: Im Refresh I
To [m] |2500.0
150 — Channel | Avg
= y . . -._H [ Channel 1 1435 dB
¥ 1 - b Channel 2 145.2 dB
125 ‘. [ 1 1% Channel 3 1481 dB
Channel 4 144848
- Channel 1, 2,3, 4... 149.0dB
100
2
1]
25
1] 100 200 300 400 500 E00 Foo 800 900
Slant Range Integrated [radar] [m]

Close |

The graph displays the measured g-factor as dots and the average g-factor as a horizontal
line.

The list contains the channels that have been processed and the average g-factor for each
channel. You can uncheck a channel to remove it from the graph.

The parameters for the calculation of the g-factor can be modified:
Use If you want to

From Change the range interval to include in the
calculation of average g-factor for each channel.

To
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Use If you want to

Refresh Recalculate the g-factor of each channel with the
entered range limit.

Print Q-factor Plot
There are two ways to print a g-factor plot.

To print a g-factor graph alone:
1. Right click the graph and select Print...
2. Adjust the print options.
3. Click Print.

To print a g-factor plot including the list of average values:
1. On the File menu, select Print...
2. Adjust the print options.
3. Click Print.

Export Q-factor Plot
There are two ways to export a g-factor plot.

To export a g-factor graph alone:
1. Right click the graph and select Save Bitmap or Export Data
2. Enter afile name.
3. Select afile type.
4. Click Save.
To export a g-factor plot including the list of average values:
1. On the File menu, select Save Bitmap or Export Data
2. Enter a file name.
3. Select afile type.
4. Click Save.

SNR Plots

The signal to noise ration (SNR) plot is divided in two sections: A graph to the left and a list
to the right.
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The graph displays the measured SNR as dots and the average SNR as a horizontal line.

The list contains the channels that have been processed and the average SNR for each
channel. You can uncheck a channel to remove it from the graph.

The parameters for the calculation of the SNR can be modified:

Use If you want to

From Change the time interval included in the

To calculation of average SNR for each channel.
Refresh Recalculate the SNR of each channel with the

entered time interval.
Print SNR Plot
There are two ways to print a SNR plot.

To print a SNR graph alone:
1. Right click the graph and select Print...
2. Adjust the print options.
3. Click Print.

To print a SNR plot including the list of average values:
1. On the File menu, select Print...
2. Adjust the print options.
3. Click Print.

Export SNR Plot
There are two ways to export a SNR plot.

To export a SNR graph alone:
1. Right click the graph and select Save Bitmap or Export Data
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2.
3. Select afile type.
4. Click Save.

Enter a file name.

To export a SNR plot including the list of average values:

DAT File Processing

1. On the File menu, select Save Bitmap or Export Data
2. Enter afile name.

3. Select afile type.

4. Click Save.

10.8.5

Noise Plots

As the noise plots are calculated several VTI plots will flick up on the screen. The final
noise plot looks like below.

Average of spectra from 0.010 sec. to 3.012 sec.
Power[dB/Hz]

725

Spectrum 101
—— Spectrum 102
—— Spectrum (03
—— Spectrum |04
—— Spectrum 105
—— Spectrum |06
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Spectrum |08
Spectrum 107102103104

--------------------------------------------------------

T N N N s AP
1 U O N S S S S e e T St
The graph can be zoomed by dragging the mouse in the graph.
To print a noise plot:
1. Right click the graph and select Print...
2. Adjust the print options.
3. Click Print.
To export a noise plot:
1. Right click the graph and select Save Bitmap or Export Data
2. Enter a file name.
3. Select afile type.
4. Click Save.
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10.9 Perform Inbore Analysis

To access the Process Setup window see Open a DAT File (page 91).

The Inbore Analysis function carries out an inbore velocity search to detect high
accelerating objects measured within the barrel.
To perform the Inbore Analysis:

1. Select the Inbore Analysis processing option.

2. Configure Inbore Analysis Options (page 159).
3. Click the Process button.
4

A Track Control window for the Inbore Analysis results appears which allows to
fine edit the results of the algorithm. The Inbore Object track represents the
found inbore signal. See Use the Track Control Window (page 114) for further
details on track editing.

If the Perform SOT option were selected (see Configure Inbore Analysis
Options (page 159)) the Inbore Analysis results also consists of Unassigned
and Tentative entries, and a track representing the found SOT result.
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5. Set the Min/Max time for the Inbore processing, either by:

- entering the values:
Method:
IMinMa:-: peak detection j

|nteryval:
|-u.nn35m to [0.004000

| I ™k ||'| e |
- or zoom in on the STDraw, right-click and choose the Process menu option.
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Zoam Out
Select

v Auto Scale
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-

Save Scale-values as Default. ..
Layout g

Time Format +

Print...

Copy Ctrl+C
Export Data...

Save Bitmap...

6. Fine adjust the Inbore processing parameters, and press Process to reprocess
the inbore result. See Configure Inbore Analysis Options (page 159) for
additional information.

b ethod:
IMinMa:-: peak detection j

|nterval:
|-u.nn35m to |n.nnannn

L et II:I s
HighCut; I?EI iz
Eucl: IEEI 4

¥ Mode Camection

Process >= I

7. If needed, locate the time for first movement and place the First Movement
marker. See Place First Movement Marker (page 161).

8. To create a Work File result with the Inbore Object track click Make WRK.

10.9.1 Configure Inbore Analysis Options

To activate this window Open a DAT File (page 91), click the Inbore Analysis icon and
enable Advanced Settings.
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The following options are available:

Use

Method

Time Interval

Start Time

End Time

LowCut Filter

HighCut Filter

Exclusion Level

Mode Correction
Perform SOT

If you want to
Inbore Analysis method.
See below for further information.

Enable a specific time interval. If disabled the
entire track time will be analyzed.

Specific start time. Leave blank to use the track’s
original start time.

Specific end time. Leave blank to use the track’s
original end time.

Velocity points below this limit will be discarded.
Leave blank for no LowCut-filtering.

Velocity points above this limit will be discarded.
Leave blank for no HighCut-filtering.

The exclusion level is a procentage of the
maximum peak-peak level in the search window.

Apply inbore mode correction.

Combine the Inbore results with the results from a
SOT processing.

For more details see Detect Single/Multi Object
Tracks (page 112).

The following Inbore Analysis methods are available:

Method

MinMax peak
detection

160

Description

Zero-crossing and Min/Max detection that returns
a velocity point after each ‘zero-crossing’ of the
signal in combination with the Min/Max detection.

Weibel proprietary
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Method Description

Sinus Curvefitting Using a half-period sinus curve fitting to find the

(half-period) frequency of the signal. This method returns a
velocity point every half-period.

Hilbert Using the phase information from the 1Q-signal to

transformation calculate the frequency. For non-IQ antennas this

method is used to generate the IQ signals. The
result is velocity points for every sample — but to
increase the accuracy the results is typically
averaged over 20-50 samples.

Place First Movement Marker

The First Movement marker is an optional marker that can be manually placed to mark the
exact time for when the object starts to move.

To place a First Movement marker:

1.

Locate the exact time/position on the STDraw and place the normal marker.
Vaoltage[V]
2

2 !
0.0030 -0.0025 -0.0020 00015 -0.0010

Right-click on the position and choose the Mark as First Movement option.

Export Data... di

Save Bitrmap...

Mark as First Movement
Reset First Movement

_____ Process k
ST

The Inbore processing will now be forced to start at this point. A red warning
text will appear and the start time will be locked to this specific time.

inbore Processing [w
I ethod:

|Minh-1a:-: peak detection ﬂ
Time [s] 1! First movement set |l

0002060 to |0.0B1520
LowCut: {0 mds
Fine adjust the Inbore processing, if needed.

To adjust the First Movement time, place the marker at the new time/position
and choose the Mark as First Movement menu option again.
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6. To reset the First Movement marker, right-click anywhere on the STDraw and
choose the Reset First Movement menu option.

save Bitmap...

Mark as First Movement
Reset First Movement

: Process
ARF "\fJ"’H"H"H"H"ﬂZ
To create a Work File result with the Inbore Object track click Make WRK.

If placed, the First Movement marker can be used as reference time and mark
where T=0.

I x

@ Use the time of the 'First Movernent'-point as reference time?

1w |

<« End of Chapter »
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11.1

Introduction

The WRK file holds information about the tracks detected in the signal. Each track is a
fragment of the trajectory of an object comprising a number of individual time-space-
position measurement points.

The WRK file contains track data obtained during the measurement and track data which is
the result of post processing, see DAT File Processing (page 91).

The WRK file processing tool derives a large number of trajectory characteristics like
ground track, drag, retardation, tangential velocity and other parameters valuable for
ballistics analysis.

Another powerful tool is the fitting or smoothing tool that calculates a set of polynomials
that fit the measured data in an optimum way. This way a number of parameters are
derived from the measured trajectory even if it is very noisy.

A similar technique is applies to extrapolate the trajectory beyond the measured data and
estimate the muzzle velocity or the impact point.

WRK file processing runs entirely on the Instrumentation Controller and uses the stored
WRK file from the measurement or from the processed DAT file.

To run the Analysis, you must first load the WRK file stored immediately after the
measurement, see Open a WRK File (page 163).

11.2

UG-2624 1.47

Open a WRK File

To open and process a WRK file:
On the File menu, click Open

From the file select window choose the WRK file

w N

Click Open and the work file view is displayed, see below.
4. Use the Work File Tools and Windows (page 164).

The following window appears:
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File | Edit “iew Balistics Tools Options Measurement Plavback ‘window | Help - || %

> . = =
UBa OO0 | @ i
@Y @ | ShowFits [ PlotFitDifference [ £
B~ | Online tracks 1 Pound: 1
Transformations Radial Velocity (radar)
b [0 Active track [ I Radial Yelocity (radar) [m/s]
N oo
[+~ v Processing 1 1
- ¥ Processing 2 2
- Transfarmations 600
i v R&P 155 | —
| “- ¥ Falkoff | — 500
Visws. | Layouts | 400
add 300
[Mone) -
B Velocity 200
ERadial Yelaciy fradar) 3
Riadial Velncity [1adar) vz Slant Rangs 00
Tangential Welacity
= Polar - Radar )
Azimuth (1adar) 5 10 15 20 25 0 3 40 45 50 55 60 65
Elevation [radar) Time [sec]
Spinrate
Integrated Slant Fange (radar) Range (radar)
:Hange lradar] o i oy S1ant Range frada [m]
No. of graphs 2 Giaphs =
20000
Point and Event info
Paint |nfo 1
Track Fap 155 ~|| 15000
Time 68198 sec
Paint Number 1633
Time £.5198 sec 10000
Radial Velocity [radar) 507.754 més
Slant Range [radar] 4114247 m
Elevation [radar) 31.931 deg 5000
Elevation Anterna Position 31.92€ deg
Azimuth (radar) 4797 deg
Azimuth Antenna Position 4735 deg
Time (Fit] 6.8226 sec 04
Radial Velocity [Fit, radar) G09.2E7 m/s i} 5 10 15 20 25 30 3B 40 45 50 55 1] B5
Slart Range [FiL, 1adar) 415638 m T
Elevaion [F1, radar 31.926 deg ime [s=c]
Azt (PR, raclan 473 deg ¥
Merge done! Correction

The main window to the right is the graph area, where all graphs are drawn. The smaller
windows located to the left provide a number of tools for configuring and manipulating the
graphs.

Notes

» A WRKfile can also be opened by double-clicking on the file in Windows Explorer or
dragging the file from Windows Explorer to the WinTrack window or icon.

11.3 Work File Tools and Windows

Once a work file is opened a number of tools for displaying and manipulating the work file
contents become available, see Open a WRK File (page 163).

The following actions are supported:

Action Objective

Use the Work File Access one of the most frequently used

Tool Bar (page 165) functions.

Use the Track List Control which of the tracks present in the WRK
(page 166) file to draw in the graph area. Manipulate tracks

or the parameters associated with it.

Configure the Graph Define the number of graphs drawn in the graph
Layout (page 167) area.
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Action Objective

Choose a Graph View Select a view for a specific graph, just drag-and-

(page 167) drop the view on the graph. Define a new view,
if the list does not already provide the view you
want.

Select a Predefined Select a predefined layout defining the number

Layout (page 168) of graphs in the graph area and their contents.

Use the Info Window  View specific points.
(page 169)

Use the Graph Area Configure the graph presentation.
(page 169)

Enable/Disable Points Make individual points of the graph valid or
in a Track (page 171) invalid.

Print or Export Track Print or export graphs to a file.
Graphics (page 172)

Use the Work File Tool Bar

When a work file is opened, see Open a WRK File (page 163), the work file tool bar
appears just below the main tool bar. It provides easy access to the most commonly used
tools and editing modes for work file processing.

Menu Item Function
ﬂ Switch to the zoom in/out mode in the graph
area.
A Switch to the point select mode in the graph
area.
™ Show Fits Show the polynomial fits on the graph.
[ Plot Fit Difference Plot the difference between the fit and the

measured data points.

[ Plat Track Difference Plot the difference between all visible tracks and
the fit of the selected reference track, see Use
the Graph Area (page 169).

F o Select which points to show.
@ Redraw any pending changes.
Notes

» Enable Plot Track Difference affects only graphs with a fittable
value versus time. These graphs show the text Track Difference
under the graph.

» Other graphs are shown in normal view.
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11.3.2 Use the Track List

The Track List Window shows all the tracks in the work file.

= Froceszszing 1 1 track
| Track

Tracks are collected in groups. The track list shown above contains four tracks, collected
into three groups.

There are four types of tracks/groups, and they have slightly different properties:
Track type Properties

Processing Processing tracks are tracks that were created
by post-processing the measurement data.
Each processing will result in one group with all
the created tracks.

Processing tracks can be manipulated freely,
without the restrictions that apply to online
tracks.

It is possible to select which transformations
should be activated when a processing group
is opened for the first time. This is done in
Customize Post-Processing (page 16).

Ungrouped This is a collection of tracks that are not
assigned to a group. This occurs when opening
a work file saved in an older version.

Since these tracks may have different origins
and may have had different transformations
applied, no transformations will be active by
default.

Prediction These are predicted tracks, see Predict the
Trajectory (page 23). Since these are not
measured tracks, transformations are rarely
needed, so no transformations will be active by
default.

Track-group assignment is not definite. The tracks can organized by dragging a track while
optionally holding down a modifier key, as described below:

Destination Modifier = Description
Group Moves the track to the destination group.

Group Ctrl Copies the track to the destination group. The
result if a processing track, regardless of the
source type.

Track Merges the source track into the destination
track, leaving the source track unchanged.
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Thus, if the need to work on an online track should arise, it can be done by dragging it to
make a working copy and using it instead.

Tracks and groups have check boxes, which are used to show or hide tracks and/or
groups of tracks. A track is visible if the track itself and its group are checked.

Right-clicking a track or group brings up a context menu with all possible actions. See Edit
and Analyze Tracks (page 173).

Configure the Graph Layout

The graph area is available for 1 to 6 independent graphs. Select the graph layout from the
No. Of Graphs drop-down box:

Mo. Of Graphs |1 Gr

aph j

- F 2 Graphs
= 3 Graphs

Polar - HE% g g::pEz
Cartesian —rrooor P

Polar - Launcher
Cartezian - Launcher
Cartesian - Local
Geographic

UTH

Quality Measures
Balliztics

Others

Yelocity

HEHEEFBFBBBH

Notes

» Use the mouse to move the boundaries between the graphs.

Choose a Graph View

The graph view defines which track parameters are displayed, either raw measurement
data, e.g. radial velocity versus time, or derived track parameters, e.g. drag versus
tangential velocity. It furthermore defines which units to use on the axes.

To view the track data and the polynomial fit just select the view from the Groups and
Views list and drag-and-drop it on the graph, where you want to see the view.
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Groupz and Yiews Add...

g

Yelocity

Polar - Radar
Cartezian - Radar
Polar - Launcher
Cartezian - Launcher
Cartezian - Local
Geographic

UTH

Quality Measures
Ballistics

Others

FHEHEEFEFFFFF

To add a new graph view click the Add link in the upper right corner of the Groups and
Views box, Define or Edit a Graph View (page 195).

Notes

» The views are arranged according to the coordinate system used.
See Work with Coordinate Systems (page 31).

» It's easy to add more groups, see Define or Edit a Graph View (page
195).

Select a Predefined Layout

A list of predefined layouts are available in the Layouts box, which is part of the WRK file
view window, see Open a WRK File (page 163). The layout defines the number of graphs
as well as the view displayed in each of the graphs.

Lapauts [Predefined] dd

"Yelogity

Yelocity And SHE

Vel El &z, Raws Time

Yelocity, SMR, Range vz Time

Yel ElL Az, Cd vz Time

Wel ®. %, £ ve Time [launcher)

Yel and 30 [launcher]

Yel, El, &z, Ra. Ground Track, Height
T el SHA, Ground Track, Altitude]
Geo MWel, SHA, Ground Track, Alitude]
Wel, Aoc

Wel, El, &z, A a [launcher]

Click one of the layouts to use it. The layout is automatically applied to the graph area.

To add a new layout:

1. Manually Configure the Graph Layout (page 167) and Choose a Graph View
(page 167) for each of the graphs.

2. Click the Add link in the upper right corner of the Layouts box to get the
following window:
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Save the Current Layout x|

Lapaut M ame

[Current Laypout]

E sizting Layouts

Welocity -
Yelocity And SMA —
Wel, El, &z, Ra vz Time

YWelocity, SMR, Range va Time

Wel, EIL Az, Cd vz Time

Wel, W, Y, £ we Time [launcher)

Wel and 30 [launcher)

Wel, El, Az, Ra, Ground Track, Height —
ITH [wel, SMR, Ground Track, Altitud
Geo [Wel SHR, Ground Track, .&Ititude;l

ak Cancel |

3. Enter the Layout Name and click OK.

Notes

» Other layout operations like Rename, Delete and Assign Shortcut are
available by right clicking a layout name.

11.3.6 Use the Info Window

The info window provides the parameter values for individual points in the track.

Paoint and Ewvent Info

Faint Info |

Track rap155
Time 8.861 zec
Paint Murber 2104
Time 0.964 zec
R adial Yelocity [radar] 593663 mis
R adial elocity [radar] R93.663 miz
Radial Acceleration [radar) LES7 mds"2
Signal-to-Moize Ratio Meloci... 27220 dB

Notes

» Click one of the tracks in one of graphs to select the point closest to
the cross hair.

» Use the left/right arrow keys to move back and forth in the track.

11.3.7 Use the Graph Area

To define the contents of a specific graph, see Choose a Graph View (page 167). The data
is transformed and presented in the graph. To further configure the graph:

1. Select the View menu item to get the following options:
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v Manager Seckion Chrl+t
v Fits
Fit Difference Chrl+Dr

Track Difference (Select Reference)

v Show Accuracy Graphs
v Show Fit Accuracy Graphs

& All Poinks
‘alid Points
Invalid Paints
o Painks

v Fits From =10 Ckrl+F
v Fitted Values Far Invalid Paints

WEIBEL

v Legend
Grid
Header

Search For a View. .. F4

Refresh

FS

Play

2. Select the option from the list.

3. The graph area is automatically updated.

Enable/Select

Manager Section

Fits

Fit Difference

Track Difference
(Select Reference)

Show Accuracy
Graphs

Show Fit Accuracy
Graphs

... Points
Fits Fromt=0

Fitted Values For
Invalid Points

Legend
Grid

Header

If you want to

Enable the control windows; see Work File
Tools and Windows (page 164).

Enable fits in the graphs.

Plot the difference between the fits and the
measured data points.

Plot the difference between the visible tracks
and the fit of a selected reference track.

Show the accuracy of the measured values.

Show the accuracy of the fitted values.

Select which points to include in the plot.
Start the fitin t = 0.

Also show fitted values where data points are
invalid.

Enable legend information on each graph.

Enable vertical and horizontal grids on the
graphs.

Enable the header.

Weibel proprietary
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Enable/Select

Search For a View

Refresh
Play

Select
All Points

Valid Points
Invalid Points

No Points

WRK File Processing

If you want to

Search for a view containing a specified
substring in the name.

Recalculate the views and refresh the graphs.

Play the on-line information available in the
WRK file using the current on line view.

If you want to

Draw both valid and invalid points in the
graphs.

Draw only the valid points in the graphs.
Draw only the invalid points in the graphs.

Draw no points; drawing the fits is still possible.

11.3.8 Enable/Disable Points in a Track

The measurement points in a track are shown as colored dots in the graph. To control
which points are drawn in the graph see: Use the Graph Area (page 169). They also
contribute to the interpolation process depending on their validity status: valid points are
taken into account and invalid points are ignored.

To make points in a track invalid:

1. Enable the relevant tracks, see Use the Track List (page 166).

2. Click the Zoom mode icon in the tool bar:

<

Select the area of interest using the mouse pointer to make a zoom.

Click the Edit mode icon in the tool bar:

4

5. Click a measurement point to select it or use the mouse pointer to select a
group of points:

5525

F adial Yelocity [radar] [mz]

Radial Yelocity (radar)

5390.04

5587.51

585.04

5582.51

580.0

rap155 [Radial Velocity [radar]] |

34

15 36 37 38 39 40 41

Time [zec]

UG-2624 1.47
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A square black box is drawn around the point.

6. Hitthe Delete key to make the data point invalid. Note that it changes color.
In this example a single point from the rap155 track is selected and made invalid.

Notes

» To make a point valid use the same procedure as above and hit the
Insert key in step 6.

» To select a sequence of points:
1. Click on the first point.
2. Hold Shift down and click on the last point.

» You can select scattered points by holding Ctrl down while clicking
on points with the mouse.

» You may enable/disable tracks after zooming in on a detail.

» To move data points from one track to another see Add or Delete
Points from a Track (page 118) in the DAT File Processing section.

11.3.9 Print or Export Track Graphics

The graphs shown in the track view can be printed or exported to a graphics file for use in
a document or report.

To print or export a single graph:
1. Right click the graph to get the following options:

Loar 2k

W fbo Scale
Set Scales, .,

Prink...

Copy ChrliC
Export Data. ..

Save Bitmap...

2. Select Print if you want to send the graph to a printer. Select Save Bitmap or
Export Data if your want to save the graph in a graphic file or a text file.

To print or export all graphs in a single plot:
1.  On the menu bar select File.

2. Select Print to send the graphs to a printer. Select Save Bitmap if your want to
save the graph in a graphic file.

Notes

» To configure the header, footer, height and width of the print-out or
graphics file, see Customize Graphics Export (page 14).
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Edit and Analyze Tracks

Right-clicking an item will bring up a context menu with available options. The options will
depend on the type of item. The table below presents all the options:

Option
Main
New group

Rename

Delete

Parameters

Select Fitting
Coordinate System

Calculate Muzzle
Velocity

Calculate Impact
Point

Change Color

Edit

Coordinate Systems
Fit info
Extrapolation

Export

Track Data

Preprogrammed
Curve

UG-2624 1.47

Context

Background
Group
Track

Group
Track

Track
Track

Track

Track

Track

Group

Track

Track

Track

Track

Description

Creates a new track group.
Lets the user rename the item.

This option is not available for online tracks
and the online track group.

Deletes the item.

This option is not available for online tracks
and the online track group.

Opens the parameter list/editor.

Select the coordinate frame in which fitting
is performed. See Select Fitting Mode
(page 181).

Select the muzzle velocity calculation
method. See Calculate Muzzle Velocity
(page 183).

Extrapolate the track to estimate the point
of impact.

Change the color of the track.

Configure the coordinate systems used.
See Work with Coordinate Systems (page
31).

Opens the fit editor. See Edit the Fit
Information (page 186).

Opens the extrapolation editor. See Edit the
Extrapolation Parameters (page 174).

Lets the user export the track to several
different formats, a.o. ASCII format. See
Export Track Data (page 176).

Generate a pre-programmed curve based
on the fits of the selected track. The curve
can later be sent to a tracking controller
device to ensure safe data acquisition.
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Edit the Extrapolation Parameters

WEIBEL

The extrapolation parameters control how the measured data set is used to estimate the
impact point of the object. To edit the extrapolation parameters:

1. Open the Extrapolation window. See Edit and Analyze tracks (page 173).

v Enable extrapolatiori

b ain I
—E=trapaolation |nitializatiorn
Extrapalation start me: 105900 FEC
—Estrapalation Limit
£ Tirne: I'].EHU[' SE
f* Height: IEI.EI m
[T Usze height above earth elipsaid
—Estrapalation Mode
" Paoint Mazz [3D0OF)
" Modified Point Mazs [4D0F)
[~ Use Corioliz farce in drag calculation
Thiuszt time I IEC

OE.

Cancel

2. Make the appropriate changes (if any) and click OK.

3. To estimate the impact point using the current setting, repeat steps 1 and 2
above and click Calculate Impact Point and view the results window:
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Altitude (UTH, Elipzoid]

Track Track 1
Time 082 sec
Fange [, radar] 1272803 m
Height [y, radar] 90473 m
Offzet [z, radar) 472130m
FRange [x, launcher) 1272983 m
Height [y, launcher) A0.239m
Offzet [z, launcher] 472780 m
FRange [x, local] 1272983 m
Height [y, local] A0.239m
Offzet [z, local] 472780 m
Longitude 12:25:23.717 dimme z=
Latitude 55:54:09.508 d:mm:s=s
Altitude [E lipzoid) 0.005 m
Morthing [LITk) B198244. 311 m
Eazting [UTHM) 338910407 r

0.005

Configure/select
Enable extrapolation

Start extrapolation at

Time

Height

Use height above
Ellipsoid

Point Mass (3DOF)

Modified Point Mass
(4DOF)

Five Degrees of
Freedom (5DOF)

Use Coriolis force in
drag calculation

Thrust time

If you want to
Use the built in algorithms for impact estimation.

Specify when the last valid position/velocity
point is. Data after this point is not used in the
extrapolation.

Use a known impact time to define the impact.

Use the crossing of a certain height above the
ellipsoid to define the impact.

Enable the height above ellipsoid parameter.

Use the point mass ballistic model.

Use the modified point mass ballistic model.

Use the five degrees of freedom ballistic model.
This feature is only available when using
STANAG 4355 ballistic extrapolation.

Take the Coriolis force into account, when the
extrapolated points are calculated.

Indicates how long the object is influenced by
other than aerodynamic forces. Relevant for
objects like rockets.
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Notes

» The extrapolated part of the fitted curve is drawn in the same color as

WEIBEL

DOPPLER RADARS

the grid in the graphs.

Export Track Data

Track data may be exported to an ASCII or binary file for further processing. The Export
Track Data is opened by right-clicking a track and selecting Export — Track Data.

Export Track Data x|

—Data Type
& M
" Interpolated D ata

—Lrata output

Al points
{~ Replace non-walid points with WA

Uzing: ITime Since Trigaer

From; | 0oon =
Ta: | 4R 608 =
Step: I 0100 s

I " Remove non-valid points

Dutput Format

JASCIl Format [Fised)

L

Select Data |

% Custom Vanables

v Include coluran titles

" AllVaniables [TARTypel.chg) ¥ |Include header intop of file

Config |

I Load... |
Wariable/Text | Unit | Fitted | Accuracy | Save fz... |
Time Since Trigger g
R adial Yelocity [launcher) mé's Mo Ve
dzimuth [launcher) deq Mo Yes Add |
Elevation [launcher) deqg Mo Ve
Slant R ange (launcher) m Mo Ve Add Test |
Ecr[x) m Mo ez
Ecrly] m Mo ez Add Value |
Ecrlz) m Mo Ve

Delete |
Up |
Down |
Modify |
Ok I Cancel |
Configure/select If you want to

Measurement Points

Interpolated Data

Export the measurement points detected in the
signal.

Export date that is a smooth interpolation of the
measurement points.
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Configure/select

From time

To time
Time Step
All measured points

Replace non-valid
points with ‘NA’

Remove non-valid
points (entire row)

Include header in top
of file

Include column titles

All Variable

Custom Variables

Output Format

If you want to

Export interpolated data from this time and

forward.

Export interpolated data until this time.
Set the distance between interpolated data.
Export all valid and non-valid measured points.

Replace non-valid measured points with ‘NA’
when exporting measurement points.

Remove rows with non-valid measured points
when exporting measurement points.

Include a text header in the beginning of the file.
This option only applies to ASCII formatted files.

Press the Config button to select the header
contents, see Configure Export Data Header

(page 180).

Include column titles.

This option only applies to ASCII formatted files.

Include all variables

Select which parameters to include, see
Configure the Export Data List (page 179).

Choose the output format — see below

Output formats to choose between:

Format

ASCII Format
(Scientific)

ASCII Format (Fixed)
Binary Format

Ballistic Modeling
Data

Google Earth Data

Output Description

ASCII text with scientific format (e.g. 1.00e-02)

ASCII text with fixed format (e.g. 0.010000)

Binary format

Ballistic Data (.drg)

Google Earth KMZ data. See Export Track Data
for Google Earth (page 177)

Export Track Data for Google Earth

WRK File Processing

The Export Track Data (page 176) supports exporting track data to Google Earth as .KMZ

files.

By choosing the Google Earth Data format the following options appear:
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I £
Export Track Data
—Data Type —Meazured data output

f* Meazurement Paints

" Interpolated [ ata

{* Al measured points

{~ Replace non-valid points with 'NA"

Using: ITimE Since Trigoer

| {~ Remove non-valid points

Frorm: I 000 | sec —Output Format
To: I BE B4R | sec Google Earth Data [ kme]
Step: I 010 sec
Google Earth |
—Track Expart Timeline
& Only the selected track
Al visible tracks Time Step [sec} | 10
Al tracks
—Option
[+ Radar
Ok, I Cahcel
Option Description
Tracks Select which track to export

Export Timeline

Time Step
Radar

Enable this option to export time information for
track points at specific time steps (see option
below).

A TimeLine tool will appear in Google Earth.
Use this tool to step through time or to make an
animation.

Choose the time step.
Select this option to export the radar position.

The radar will then be showed as a special
marking in Google Earth.
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Configure the Export Data List

The data export is controlled by the export data list, visible in the Export Track Data (page
176) window. A number of predefined parameter lists are available, click Load and select
one of the CFG files.

To add and configure a parameter to the export data list:

1. Inthe Export Data List window click Add Variable to get this window:

' Aadd Variables x|

Category 0K
0 |
Cancel
Wariables
&cceleration (launcher, =] la

Arcceleration [launcher, v
Acceleration [launcher, 2]
Acceleration [local, ©)
Acceleration [local, v
Acceleration [lozal, 2]
Arcceleration [radar, ®]
Arcceleration [radar, v]
Arcceleration [radar, 2]
Altitude (Elipzoid)
Altitude [UTH, mzl)
Angular Acceleration Azimuth (|

&menilar ferslscatinn dzim th 12

2. Select a variable and click OK to add it to the list.

3. Right click the Parameter to get this window:

Limik 3
Fitted Walues »
Accuracy Yalues 3

Add Yariable.., Ins
Delete Yariable Del

Mowe Lip

Move Dawn

Load... Chrl+0
Save fs... Chrl+5

4.  Click Unit to get this window:

® Meter/zecond [m)s]
Footfsecond [ft/s]
Knot [kts]

Mile fhour [mph]
Kilometer fhour [km/h]
Mach number [mach]
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Click to select the unit from the list.

Repeat step 3. and click Fitted Values to get this window:

Yes
& Mo

Select Yes to

use fitted values, No to use measured values.

Repeat step 3. and click Accuracy Values to get this window:

Yes
& Mo

9. Select Yes to

export accuracy values as an extra column.

If Fitted Values (see step 6) has been set to Yes it will export the accuracy for
the fitted values instead of the measured value.

10. Inthe Export

Data List window click Add Text to add a fixed string to the list.

This string will be exported as it is.

11. Inthe Export

Data List window click Add Value to add a fixed value to the

list. This value will be exported as it is.

11.4.2.3 Configure Export Data Header

Configure the header contents by pressing the Config button on the Export Track Data
(page 176) dialog. This will show the following dialog.

180

=10l x|

— Header Elements

[+ Antenna Info

[+ Target Charactenistics
[v Meteoralogical Data
[+ Position Infa

— Additional Header Elements

¥ Impact Point
[ Apex [Alitude, Elip.)
[ Ewents

[V Muzzle Yelociby Config I

ok |

Option

Mission Info

Antenna Info

Target Characteristics
Meteorological Data

Position Info

Choose what to include in the export header.

Description

General mission information

Antenna type and serial number

Target information, like weight and diameter
Meteorological data, like temperature.

Radar, Launcher and Local position information.
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Additional Header information:

Option Description
Muzzle Velocity Muzzle velocity and its accuracy.

Choose Config to configure the muzzle velocity
calculation, see Calculate Muzzle Velocity (page
183).

Impact Point The impact point
Apex (Altitude, Ellip.)  The point of heighest altitude (Ellips)

Events User-defined events

Notes

» Be advised, the Additional Header Elements options might need to
change the current track setting, like enabling extrapolation or
changing the fitting coordinate system.

Select Fitting Mode

The fitting process takes a single set of parameters versus time and finds an “optimum” set
of polynomials, and uses them for interpolation. When fitting is applied to the polar
coordinates, see Edit the Fit Information (page 186), the first radial velocity points as seen
from the radar are heavily impacted by the parallax caused by the offset and setback of the
radar relative to the launcher, and may thus be difficult to approximate by a polynomial.

Seen from the launcher there is no parallax effect and therefore the measured polar
coordinates are smoother. This may lead to a more accurate fit using lower order
polynomials.

To configure the fitting coordinate system, right-click a track and select Select Fitting
Coordinate System. This will bring up the window shown below.

Fitting Coordinate System x|

Perfarm fiting in;:

" Radar Coordinate System |

&+ Launcher Coordinate System
% Use all range values from radar
" Usze first range walie from radar and integrate radial selocity
" Usze Angle Fitting to estimate range
" Uze Ballistic/Geometric method to estimate range

v Make all options selectable

k. Cancel
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182

Configure/select

Radar Coordinate
System

Launcher Coordinate
System

If you want to

WEIBEL

Fit the polar data using the radar coordinate

system.

Fit the polar data using the launcher coordinate

system.

When fitting in the Launcher Coordinate System is selected one or more options in the
dialog becomes available, depending on whether range exists or not.

The following options are available:

Configure/select

Use all range values
from radar

Use first range value
from radar and
integrate radial
velocity

Use Angle Fitting to
estimate range

Use
Ballistic/Geometric
method to estimate
range

If you want to

Use the range found by the radar
(range radar only).

Use the first valid range value
found by the radar and integrate
the radial velocity from that point.

Find the range values that match
well with the azimuth/elevation
angles and the radial velocity
values observed by the radar.

Use only the radial velocity values
observed by the radar to estimate
the range.

Methods for Parallax Estimation

Radar
Range

Range

Range

Non-range

Range

Non-range

To perform the conversion from radar to launcher coordinates we need the exact location
of the launcher relative to the radar and for each data point a good range to the target.

For a non-ranging radar we need to estimate the range based on the available information.

We offer two options:

Range/Parallax
Method

Ballistic/Geometric

Notes

Description

Use only the radial velocity values observed by
the radar to estimate the range. Assume that the
target is following a simple point mass ballistic
trajectory based on the location and orientation
(elevation and bearing to North) of the launcher

as entered by the operator.

» The Ballistic/Geometric method may yield better results when the
distance is smaller than 1000m and the location and orientation of
the launcher are accurate.

The values entered during the measurement may be corrected
afterwards, see Edit and Analyze Tracks (page 173).
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Define Projectile Parameters for Extrapolation

The Projectile Parameters groupbox has multiple entries for defining the physical
characteristics of the projectile. The entries will be activated/deactivated depending on the
ballistic model selected for extrapolation.

The values of angular velocity can be controlled from the Use measured angular velocity
checkbox. When this is checked the measured angular velocities will be used while the
specified angular velocities will be used otherwise. It is noted that only the longitudinal
angular velocity can be measured.

The ballistic models used for extrapolation do not include any thrust forces and are
applicable only for projectiles without propulsive thrust.

Define Simulation Parameters for Extrapolation

The Max sample points define an upper limit on the number of points that will be
calculated in the ballistic simulation.

The Sample period defines the time difference between two consecutive samples in the
ballistic simulation.

The Step size is used to control the accuracy of the numerical simulation. The step size
depends on the physical characteristics of the system and should always be assessed for
any given system. It is recommended that the step size be reduced until the accuracy
converges to an acceptable level. It is noted that reducing the step size may result in
excessive computation times. If the step size is chosen too low it may compromise
accuracy because of rounding errors.

The fitting algorithm used for ballistic extrapolation differs from the algorithm used for
ordinary extrapolation. The algorithm is based on polynomial fitting where the Fitting order
defines the order of the polynomial. Since most ballistic trajectories are similar to a
parabola it is recommended that the fitting order be set to two or three. The Fitting points
define the number of points used for polynomial fitting. The points will be arranged
symmetrically around the point to be fitted.

Notes

» The ordinary Fitting Editor cannot be used for setting the fitting
parameters for ballistic extrapolation.

Calculate Muzzle Velocity

To calculate the muzzle velocity, right-click a track and select Calculate Muzzle Velocity.
This will bring up the window shown below.
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o]

" Tangential velocities, sliding fit

{+ Radial velociies, inteligent fiting

Tirme lirnit [g]  |0.700
Semitalerance [£] (0100

SHR threshald [dB] |11 830

Select Description

Tangential velocities,  Evaluates the interpolated tangential velocities

sliding fit in t = 0. The tangential velocities have been
found based on the parallax routine choosed in
Select Fitting Mode (page 181) and the fit
parameters set in Change the Fit Parameters

(page 187).
Radial velocities, Data points from t = 0 to t = Time limit are used
intelligent fitting in the calculation.

First, the points with a SNR below the SNR
threshold is excluded, then the raw measured
radial velocities are parallax compensated
without using angles or range.

The velocities are then fitted in the following way
where each fit uses every valid data point:

A 4th order fit is made, and the data points are
excluded one at a time until the tolerance of the
total velocity fit meets the tolerance specified by
Semi tolerance (See note below).

When the best 4th order fit has been found, a
2nd order fit is made. If the tolerance of the fit is
worse than the tolerance accomplished by the
4th order fit, the measurement base is too long
and points are removed from the end until the
tolerance is coming close to the tolerance
reference.

Finally, the procedure checks whether a 1st
order fit is more suitable than the 2nd order fit.
This is done by choosing the fit with the highest
muzzle velocity.

Notes

»  The three parameters: Time limit, Semi tolerance and SNR
threshold are only used in the intelligent fitting method.
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»  The limits of the parameters are as follows: Time limit: 0 — 10 s,
Semi tolerance: 0-100 %, SNR threshold: positive value.

»  The ‘Tolerance’ is based on a standard Deviation of the point
difference between points and fit relative to the average velocity.

»  The parallax compensation in the second method is most precise for
weapons close (< 10 m) to the antenna and with the first data point
before about 200 ms.

» If the radar supports range, use the first method.

Output from the intelligent fitting routine is a table with information and a graph showing the
points used in the fitting (green) and the points excluded from the fitting (red):

i)

Muzzle VYelocity bazed on parallas compenszated meazured
radial velocities.

kMuzzle Velocity: 220376 md's
Std. Deviation: +/- 0.085 m/z
Fointz uzed / points in tatal: 18 /84
Settings uzed:
Time limit; 0700 =
SemiTolerance: 0100 %
SMR Threzhold: 11.880 4B
Radial Velocity (launcher) [m/s]

399 Welocity [mds]

220,01

21751

215.01

L
H‘ﬁ.
21251 %
L
[
1
2100 . .
0.00 025 0.50 075
Time [£]
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11.5 Edit the Fit Information

Input to the fitting process is a set of measurement data and the fit information controlling
the fitting process. Output from the fitting process is a set of fit data, which is a sampling of
the polynomials, fitted to the data.

The fit information determines how to split the trajectory into small time windows and how
to fit a polynomial to the measured data in each window. For more information see About
Polynomial Fitting (page 192).

To access the fit information editor:
1. Click the track to select it.
2. Right click the track and select the Edit Fit Info to activate the editor.

The following window is displayed:

I k|
Fitting Editor
i Fitting Typs
Select aFit Set To Load: I j & Pola (™ Catesian
Deleta salzctad Fit Sat
Tstart I Tstop I Tobs I Tstep I Oirder I Cant I Spline | Wl at t=U|

Yelocity: 01958 0.1000 0.0000 2. Order Mot Continuous Mot Continuaus 0.00

Elevation: [T 01552 0.1968 0.0000 2 Oder  |NotContiuous Mot Continuous | 0.00

Azimuth: 01958 01958 0.0000 0. Order Mot Continuous Mot Continuaus 0.00

Save s | Set s Default | Cancel |

Although the radar does not directly detect angles WinDopp estimates the elevation and
azimuth angles based on the initial launcher pointing (entered by the operator) and a
simple ballistic model.

In this example the measurement parameters are: Velocity, Elevation, Azimuth and
Range. The fit information is defined for each of the parameters independently and it
contains one or more segments, each holding a set of fit parameters.

Two or more segments are useful if an event during the measurement, e.g. ignition of a
rocket motor, has a significant impact on the characteristics of the trajectory. To add more
segments to the fit information, see Split a Time Segment (page 188).

Use If you want to

Select a Fit Set to Load a predefined set of fit parameters.

Load

Fitting Type Select either polar or cartesian coordinates for
the fitting process.

Fitting Editor area Configure individual fit parameters, see Change
the Fit Parameters (page 187).

Save As ... Save the current set of fit parameters for later
use.
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If you want to

Use the current set of fit parameters every time
a new work is generated from a DAT file or a
measurement.

» A polar fit is normally preferred.

» A rectangular fit may give a better result for measurements on
objects like airplanes and helicopters. (A rectangular fit requires
measured range data i.e. a ranging antenna.)

11.5.1 Change the Fit Parameters

To change any of the fit parameters,
1. Activate the fit editor, see Edit the Fit Information (page 186).

o 0 0N

Change
Tstart
Tstop
Tobs

Tstep

Order
Cont

Spline

Value at t=0

Click the numerical value to highlight it.

Edit the value (delete characters using Backspace).
Repeat steps 2. and 3. as needed.

Click OK when finished.

If you want to
Define when the time segment starts.
Define when the time segment ends.

Define the size of the time window that one
polynomial is based on.

Define the size of the step in time taken before
calculating the next polynomial.

Set the order of the polynomials.

Select the boundary condition for the current
segment meeting the previous segment, see
below

Select the boundary condition for one
polynomial meeting the previous polynomial
within the same segment, see below

Define a start value for the fit.

When configuring either the Cont or the Spline boundary condition:

Select

Not continuous

Continuous

Notes

If you want to

Optimize the polynomial without taking any
boundary condition into account.

Force the two bordering polynomials to meet.

» Setting Tobs > Tstep means that the polynomial is based on data

UG-2624 1.47
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from a larger interval than the interval where the polynomial is used
for interpolation.

» If Tstep = 0 then a new polynomial is calculated for each new
measurement point.

Split a Time Segment

If an event happens at a certain point in the data set, we may want to separate the
polynomial fitting before and after the event. In this situation we split the measurement time
into two (or more) segments each with their own set of polynomial specifications: Order,
Tobs, Tstep etc.

To split a time segment into two segments:

1. Click the row in the edit window that represents the segment you want to split,
see Edit the Fit Information (page 186).

2. Right click to get the following options:

Delete Row Del
Insert Row k

3. Select Insert Row to get the following options:

Insert Fow Before
Insert Row After

4. Select Insert Row After and enter the time boundary between the two
segments.

Using Two Velocity Time Segments

The following figures show the raw and the fitted radial velocity of a 155 mm RAP projectile
around the time when the rocket motor starts (approximately 6.67 seconds). Both fits use
the following parameters: Tobs = 0.2, Tstep = 0.0, Order = 2, Cont = Not continuous,
Spline = Not continuous.

The first figure shows the result of using only one segment from start to end of the
measurement:
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Radial Velocity (radar)
Fadial Velocity radar] [m/s]

522.0 I

rap155 [Aadial Velocity [radar])
rap156 [Fitted R adial Yelocity [radar]]

5215

521.0

520.5

520.0

5135

513.0

5185

518.0

5175
.40 .45 £.50 £.55 G.ED B.ES £.70 £.75 .80

Time [sec]

A typical “U” shape is seen in the transition area, where Tobs overlap both the rocket-off
and rocket-on measurement points. This clearly does not depict the real trajectory data.

The second figure shows the result of inserting a segment boundary at t = 6.67 seconds:
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Radial Yelocity (radar)
Fiadial Velocity radar] [m/s]

5220 ¥

1ap155 [Radial Welocity [radar])
1ap155 [Fitted Radial Yelocity [radar])

5215

521.0

5205

5200

5135

513.0

5185

5180

5175
.40 .45 £.50 £.55 6.60 .65 670 675 .80

Time [sec]

The “V” shape indicates that the polynomial fitting on one side of the segment boundary
does not take any measurement points from the other side into account. The result is a
more accurate fit.

Notes

» The time boundary entered becomes the new Tstop of the original
segment and the Tstart of the new segment.

» The fitted velocity is plotted by sampling the fit polynomials every 10
ms and then a straight line is drawn between the samples.
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11.5.2.2 Using Two Azimuth Time Segments

When the trajectory passes through 180 degrees the polynomial fit may look like this:

Azimuth (radar)

1] Azimuth [radar] [deg]

2004

1001

-100

-200 1

-300 . . .
450 475 500 525 550

Time [zec]

Note the “overshoot” of the fitted values (blue line) which is caused by the polynomial fits
trying to bridge the apparent 360 degree jump between the two segments of the data.

A simple work-around to this problem is to split the azimuth time segment somewhere
between the last point of the first segment and the first point of the second segment.

The time can be found by zooming in or by using the “Edit” mode (l'_J';r )- Use the right/left
arrow keys to move the square box between the two track points on each side of the
transition. The “Point Info” box to the left shows the time of the track point:

Foint Info

Track SL-8R/E =
Time A03.100 sec
Paint Mumber a0

Time A03.100 sec

R adial Yelocity [radar] 2813270 mie
Azimuth [radar] -173.994 deqg
Azimuth Antenna Position -179.934 deg
Time [Fit] A09.09E sec

R adial Velocity [Fit, radar]  2313.068 mds —
Azimuth [Fit, radar] -6.873 deg

R adial “elocity [Fit, rad... 28713.068 mdz LI

In this case the time of the two track points are: 509.1 and 509.2. Therefore we decide to
split the original segment at t = 509.15 seconds. Open the Fitting Editor and insert the new
segment, see Split a Time Segment (page 188). The result looks like this:

I
azimutti | noon 509.15
923.7008
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Click Ok to re-calculate the fit polynomials based on the new set of fit definitions:

Azimuth (radar)
Azimuth [radar] [deg]

300

2004

100 1

-100\

-200

-300 . . .
450 475 500 525 550

Time [zec]

This method works because the segmentation prevents data points from one side of the
transition to be used for polynomials on the other side of the transition.

11.5.3 About Polynomial Fitting

We use polynomial fitting to approximate a data set of with a polynomial of a specified
Order. The best fit is defined as the polynomial with the least sum of squared deviations
from the data set. Note that the time increment may vary, e.g. if a data point is missing.

Often the complete data set from Tstart to Tstop is not well approximated by just one
polynomial, but the local behavior is still well described by a polynomial. Instead of just one
polynomial a set of polynomials is used, each covering an interval of time-values and each
optimized for a specific subset of the data set.

Tstep specifies the distance in time between two polynomials. This means that a new
polynomial is calculated for every Tstep seconds and that each polynomial is valid (for
interpolation, derivatives etc.) in a time interval of length Tstep.

In the extreme case of Tstep=0 the fit is re-calculated for every data point and thus Tstep
effectively becomes equal to the distance between data points.

Tobs is the duration of the observation interval which determines the data points used
when the polynomial is fitted to the data. The observation interval is always center aligned
with the valid interval.

First Order Fit

The following example shows three variants of a linear (first order) fit to the same set of
data points and a second order fit, which is normally recommended as the result is much
smoother.
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Radial Yelocity (radar)
R adial Velocity [radar] [rs]

B35

= = m Achive track [Fadial Velociy [radar]] E
Active track [Fitted Radial Velocity [radar]] |

690 L e

635 B A
Tstep=0.4s

680
Tobs=0.4s

E7S
Tstep=0.4s

\A4

E7D

Tobs=0.4s

EES

850 f
77 78 73 an a1 a2 BE] a4 a5 6 57 an ]

Time [sec]

Radial Velocity (radar)
Radial elocity (radar] [m's]

B35

= m m Active irack (R adial Velocity (radar]) |
Active track (Fitted Radial Yelocity [radar]] | |

B30

Tstep=0.2s
>

Tobs=0.4s

B85

EE0
Tstep=0.2s
—>

Tobs=0.4s

A

[
»

E75

Tstep=0.2s
—>

Tobs=0.4s

E70

A

B
|

EES

ER0 d
T 78 74 an a1 gz a3 a4 a5 a6 a7 a8 a3

Time [zec]

The first graph in the above figure shows a first order fit with an observation time Tobs=0.4
seconds which is recalculated every Tstep=0.4 seconds. The second graph shows the
same data fitted with a first order fit with Tobs=0.4 seconds but this time Tstep=0.2
seconds. As a result twice as many line segments are calculated.

Note that the two line segments indicated by the dotted circle are identical. This is because
they are both first order fits that are based on the same data points (Tobs is the same).
The only difference is that in the latter case only the middle part of the line is used.

Note that while their Tobs intervals overlap, their validity intervals meet without any
overlap. With no other restrictions two bordering polynomial fragments are not likely to
meet at their border point. The result is a jump or discontinuity in values when going from
one polynomial to the next.
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Splining

A technique known as splining solves the discontinuity problem. The idea is that the
polynomials are forced to meet each other in their end points and the optimization is done
with this restriction. The following figure shows the above data set fitted with the spline
parameter set to continuous.

Radial Velocity (radar)
Radial Velocity [radar) [m/s]

B35

= m m Active track [Radial Velocity [radar)] |
Active track [Fitted B adial Velocity [radar])

=01 d
w7 I 73 g0 g1 82 a3 o4 25 86 a7 a8 g3

Time [zec]

Higher Order Fits

The splining technique can be generalized to make the 1%, 2" etc derivative identical at
the end points. This however has the disadvantage that a higher polynomial order is
needed, which may result in a curve with undesirable high slope values. Below is shown
the 2" order polynomial fit with 0" order splining:

Radial Velocity (radar)
Radial Velocity [radar) [m/s]

B35

= m m Active track [Radial Velocity [radar)] |
Active track [Fitted B adial Velocity [radar])

=01 d
w7 I 73 g0 g1 82 a3 o4 25 86 a7 a8 g3

Time [zec]

If the number of valid data points within the valid interval defined by Tobs is less than the
required number of points, then the window is extended symmetrically until the data set
has the required number of points. If one of the segment boundaries is reached then the
window is extended in the other direction. If both the segment boundaries are reached
before the minimum number of valid points have been added then no polynomial fitting is
performed.
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Define or Edit a Graph View

To edit or add a new graph view click the Add link in the upper right corner of the Groups
and Views box, see Choose a Graph View (page 167).

The following window appears:

'/ Add To | Edit - Available Views ] x|

e
o Value:

—Eroup:

Add » Velocity -

ITime
Lmit

ﬂ R adial ¥ elocity [radar)
< Edit | Radial " elocity [radar] vz Slant Range
i Tangential Velocity

ISecond [zec] ﬂ Polar - Radar

1 Walue:

i Azimuth [radar]

Elewation [radar]

Unit

Radial Welocity [radar] R

- Spirvate

s Integrated Slant Fanage [radar]
Dalets | & Range [radar|

+ Angular Yelocity Azimuth [radar]
Up Angular Welocity Elevation [radar]
. Radial Acceleration [radar)
Diown Cartesian - Radar

Range [+, radar)

Height [, radar]

teter/second [mi's] j i Offset [z, radar]

Wertical Track v(=] [radar)
Wertical Track v(z] [radar]
i Ground Track [radar]

‘Welocity [radar, )

L Walacit fradar ol bt

4| | 3
Lloze |

This window is used both for adding new views to the list and for editing the views already

in the list.

To define a graph view:

1.

Click the Add link in the upper right corner of the Groups and Views box to get
the Add To / Edit — Available Views window, see below.

Select the x-axis parameter, e.g. Time, from the X Values drop-down box.

Select the unit of the chosen x-axis parameter, e.g. [sec] from the X Unit drop-
down box.

Select one or more y-axis parameters, e.g. Radial velocity, from the Y Values
drop-down box.

Select the unit of the chosen y-axis parameter, e.g. [m/s] from the Y Unit drop-
down box.

Optionally repeat steps 4. and 5. to add more y-axis parameters. The selection
is now limited to parameters of the same type, e.g. velocity, so that they can
share the selected unit.

Click Add to get the Add View window:
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x

M arne af the Yiew

R adial Welocity [radar] [mds] ws. Ti

k. I Canicel

8. Change the name if needed and click OK to add the view to the Others group.

To edit a view:
1. Click the view in the Groups list to high light it.
2. Click Edit to copy the view details into the View box of the window.
3. Make the changes to the view.
4. Click Add to update the view.

Notes

» When the first y-axis parameter is selected in step 4, all parameters
of the same type stays black. The rest are not available and therefore
they are colored grey.

» To move the view to another group, see Organize the Views in
Groups (page 196).

11.6.1 Organize the Views in Groups

All views are assigned to a group. When one or more new views are defined, see Define or
Edit a Graph View (page 195), they are added to the Others group.

To move a view from one group to another:

1. Drag and drop the view from one group to another.

To add a new group:

1. Right click one of the existing groups in the Add To / Edit — Available Views
window to get the following window:

Add Group
Rename... F2
Delete Del

Select Add Group to add a new group to the end of the Groups list:
Edit the name of the group and hit Enter.

Optionally drag and drop the group to a new location in list.

11.7 Use Specific Graph Views

Most views display track parameters in a straight forward and self explanatory way. Others
are complex and need more explanation.
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11.71 Use the Missed Distance Graph

The Missed Distance graph shows the distance between two tracks as a function of time. It
is available in the track difference mode; see Use the Work File Tool Bar (page 165).

The graph shown is calculated as follows:
1. Calculate fits to each of the tracks, see Edit the Fit Information (page 186).
2. Calculate Cartesian data points for each track using the fits from step 1.

3. Subtract the reference track from each of the other tracks. This gives the offset
vector relative to the reference target.

4. Calculate the Cartesian distance as the length of the offset vector.

11.7.2 Use the Ballistic Coefficient Graph

The Ballistic Coefficient graph is selected from the Groups and Views list under
Ballistics. If another x-axis is preferred then use the Define or Edit a Graph View (page
195) to define your own view.

It is calculated with reference to the G1 or G7 drag functions according to the formula:

BC=M/(i*d?)
i =Cg/Cg
Where:
Parameter Description
M Mass in kg
d Diameter in m
Cs Drag of measured target
Ce Drag of reference projectile (G1 or G7)

11.8 Modify Meteorological Conditions

The software can import a meteorological data file and compensate the calculated Drag
(Cd) for the actual meteorological conditions. To modify the meteorological data:

1. Select Meteorological Info... in the Ballistics menu.

For further information about the Meteorological Data Dialog see Import Meteorological
Data (page 26).

< End of Chapter »
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Acquisition time

The time it takes to measure one (or more) signal parameters used in the tracking process.

ADC

Analog to Digital Converter. Used for sampling the Doppler signal or in some cases the
trigger signal. The sampling rate should be high enough to accommodate the maximum
velocity of the target.

AGC

Automatic Gain Control. This mechanism automatically adjusts the gain in order to keep a
certain output level thus compensating for variations in temperature and input signal level.

Ambiguity

When a parameter value is not fully resolved by the measurement because two or more
actual parameter values lead to the same result. A typical situation in radar range or
velocity measurements.

Analyzer

A device that records Doppler data during the measurement, e.g. a W-2100.

Antenna

The radiofrequency transmitter or receiver. When looking at a Weibel radar from behind
the transmitter is to the right and the receiver is to the left.

AP

Antenna Pedestal: the pedestal holding and pointing the radar antennas. Typically the
antenna pedestal receives pointing commands from the RTP.
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Apparent range

This is the value that is extracted directly from the FFT spectrum of the FMCW channel.
Thus, it does not necessarily reflect the actual range of the target, but rather a combination
of its range and Doppler velocity.

ATI

Azimuth Time Intensity. A graphical representation of the Doppler signal showing time on
the x-axis and azimuth angle on the y-axis. Each dot in the plot is a color coded signal
strength indicator for that specific time and azimuth angle.

Azimuth

The angle from the azimuth reference line to the line of sight projected onto the level plane.
Positive to the right. See Polar Coordinates (page 41).

Baud rate

The rate of data transfer on the physical link. The baud rate is equal to the bit rate when
transmission is binary (e.g. zeroes and ones).

BNC connector

A type of connector used with coaxial cables. The basic BNC connector is a male type
mounted at each end of a cable. This connector has a center pin connected to the center
cable conductor and a metal tube connected to the outer cable shield. A rotating ring
outside the tube locks the cable to any female connector.

Calibration

The use of an independent reference to adjust the instrument and thereby improve the
accuracy of the measurements made with the instrument.

CMD

Command file. An ASCIlI-file containing a list of different commands.

Coriolis force

The apparent force acting perpendicular to the velocity of an object moving in a rotating
coordinate system.

CP-2100

Keypad and joystick in one unit that connects to the Instrumentation Controller running
WinTrack.

cw

Continuous Wave: a sine wave with constant amplitude and frequency.
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DAT

The DAT file is where the raw Doppler data is saved. Antenna data is also saved in this
file, except during on-line save.

Datum

A set of parameters that defines the reference ellipsoid used for absolute coordinates, e.g.
WGS-84.

dB

Deci Bell. Ten times the base-10 logarithm of the ratio between two power levels. E.g. 2
Watts is 3 dB higher than 1 Watt.

dBm

Power level measured in dB milli Watts. Ten times the base-10 logarithm of the power
level divided by one milli Watt. E.g. 10 Watts is equivalent to 40 dBm.

DC

Direct Current. Usually referring to a fixed offset value.

Doppler

The frequency offset caused by the radial velocity of the reflecting target. An outgoing
target has a negative Doppler offset while an incoming target has a positive Doppler offset
as seen from the radar.

Drag

The aerodynamic resistance of an object moving through the air.

DTI

Doppler Time Intensity. A graphical representation of the Doppler signal showing time on
the x-axis and frequency on the y-axis. Each dot in the plot is a color coded signal strength
indicator for that specific time and velocity.

Elevation

The angle between the level plane and the line of sight to the object. See Polar
Coordinates (page 41).

Ellipsoid

A 3-dimensional surface generated by an ellipse rotating around one of its major axes.
Geographic Coordinates (page 42) refer to a specific ellipsoid definition.

Encoder angle

The angle read from either the azimuth or the elevation encoder in the radar pedestal.
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ETI

Elevation Time Intensity. A graphical representation of the Doppler signal showing time on
the x-axis and elevation angle on the y-axis. Each dot in the plot is a color coded signal
strength indicator for that specific time and elevation angle.

Extrapolating

Estimating the value of a parameter outside the data set defining the parameter. As
opposed to interpolating, where the parameter is estimated inside the data set.

False target

An artifact in the received signal that resembles a true reflection from an object.

FFT

The Fast Fourier Transform, a very efficient method for resolving the frequency
components of a signal.

FMCW

Frequency Modulated Continuous Wave. This waveform is a linear frequency sweep either
repeated or with alternating periods of ramp-up and ramp-down. It is used for range
measurement as an alternative to MF.

Frequency segment

In MF range mode, a frequency segment refers to the period in which each MF frequency
is transmitted.

Geographic North
The North Pole as defined by the Earths rotational axis.

IC-2100

The Instrumentation Controller type 2100.

IMU

Acronym for Inertial Measurement Unit, a device that can be attached to the radar system
in order to measure the changes in position and attitude of the platform on which the radar
is located. The WinTrack software allows compensating the radar measurements for these
changes and obtaining measurements referred to a fixed reference system.

Inclinometer

An instrument that measures angle relative to gravity.
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Instrumentation Controller

An industrial grade PC running Windows controlling the radar instrumentation. The
application is e.g. WinTrack.

10-1000

The 10-1000 is a Link to USB adaptor converting between the Weibel Link port format and
the standard USB port format. The 10-1000 is typically used to connect W-700 and W-
1000 to off-the-shelf type computers running WinTrack or WinDopp.

IQ mixer

Actually two mixers where one of the mixers are offset by a 90° phase relative to the other.
This technique keeps Doppler frequencies above and below the radar frequency
separated.

IRIG-B

The Inter-Range Instrumentation Group (IRIG) time code signal.

This signal can be used to precisely synchronize the host computer clock to within a few
microseconds.

Launcher

The device launching the object being measured, e.g. a gun or missile launcher.

LNA

Low Noise Amplifier. Keeping the noise contribution at a minimum is critical when
amplifying weak signals, e.g. in the receiver.

Lock mode

The state of the tracking algorithm. When "locked" the tracking loop is closed and
corrections are based on the measured signal. When "unlocked" the operator may
manually override the automatic tracking algorithm.

MC-100

Mono-pulse Calibration target used as an artificial Doppler target generator. It's effectively
a transponder with a fixed frequency offset of 32768 Hz.

MF

Multi Frequency: a technique that allows unambiguous range measurement using two
transmitted signals.

Mono-pulse

The phase coherence of a signal hitting two or more receiver antennas. Used to determine
the direction to the observed object.
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MOT

Multi Object Tracking: the algorithm that detects and tracks one or more objects in the
received signal.

Mount Model

The mount model is a description of the mechanical errors or imperfections in the radar
pedestal and its alignment. When the parameters of the model are known, these can be
used to correct the raw data captured during a measurement yielding a more accurate
result.

Muzzle
The tip of the gun barrel.

MVR

Muzzle Velocity Radar: a radar suitable for high accuracy measurement of the muzzle
velocity.

Origo

The center of a coordinate system.

Oscillator

A signal generator with a sine wave output.

PCB-302

Antenna sub controller card used in the transmitter and the receiver.

PCB-812

Interface card.

Perpendicular

At an angle of 90 degrees.

PowerPack

Integrated amplifier module providing the transmitter RF output to four antenna sub-
elements.

PRM file

Parameter file.
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Q-factor

Quality factor. Used as a measure of the sensitivity of a radar. The Q-factor is proportional
to the loop gain of the radar.

Radar cross section

The amount of RF power reflected by a specific object when looking at it from a specific
aspect angle. The unit is area, e.g. m”.

Radar Instrumentation

A device used in the radar system, e.g. Tracking Controller, Antenna, Analyzer or Range
Processor.

Radial velocity

The velocity component in the direction from/to the observer. The radial velocity is
proportional to the Doppler frequency offset.

Radiation hazard

During transmission the radar transmits radio frequency power that may be dangerous to
the health.

Range Processor

A device controlling the antenna system. Often used with an optical tracking platform, e.qg.
RP-2100.

RAP

Rocket Assisted Projectile.

Reference Point

A stationary point on the pedestal used as the zero point for measurements. For most
pedestals it is defined as the crossing of the azimuth axis and the upper surface of the
pedestal.

Refraction

As light or radio waves passes from one transparent medium to another, it changes speed,
and bends. This happens to radar signals passing through the atmosphere as well.

RF

Radio Frequency. The signal as transmitted or received by the radar.

RP-2100

Range Processor: a device controlling the antenna system often used with an optical
tracking platform.

Weibel proprietary 205



WEIBEL
Glossary of Terms DOPPLER RADARS

RTDS

Real Time Data Storage. An application storing the raw measurement data on a separate
computer, usually a PC with a fast disk system. The RTDS has an optical link to a W-2100,
providing the Doppler data to be saved on the disk. It is controlled from WinTrack via a
TCP/IP connection.

RTI

Range Time Intensity. A graphical representation of the Doppler signal showing time on
the x-axis and range on the y-axis. Each dot in the plot is a color coded signal strength
indicator for that specific time and range.

RTP

Real Time Processor. The processing unit that captures the Doppler data and the encoder
data and sends pointing information to the antenna pedestal (AP). Optionally the RTP
sends sampled Doppler data to the RTDS for storage and DTl results to the Real Time
Display.

Rx

Acronym for Receive, usually referring to the receiver part of the radar.

S/N Ratio

Signal to noise ratio, se SNR.

Sampling rate

The analog to digital converter (ADC) sampling rate used to capture the Doppler signal.

Slant range

The distance from the observer to the object taking the height into account.

Slave radar

A radar controlled by e.g. another radar (the master radar). Pointing information is sent
continuously from the master to the slave radar.

SL-B

A bi-directional RS-422 connection typically used with optical platforms. The protocol
handles encoder values and pointing commands between the Range Processor and the
platform servo system. The packets are synchronized to the IRIG-B clock.

Sliding fit
A polynomial based smoothing/interpolation of the observed data. Sliding means that a
new set of polynomial coefficients are calculated for every time step.
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SNR

Signal to Noise Ratio. The ratio between the detected signal power and the noise power
density integrated over a fixed bandwidth usually one Hz.

SOT

Single Object Tracking: the algorithm that detects and tracks one object in the received
signal. Actually a special version of the MOT with the restriction that only one track is
allowed at the time.

Spherical

Like the surface of a ball. The spherical coordinate system is the 3-dimensional equivalent
to the polar (2-dimensional) coordinate system.
Spin

Rotation around the main body axis.

SSB mixer

Single Side Band mixer: an equivalent to the 1Q Mixer, but with only one output, where
either the frequencies above or below the mixer frequency have been suppressed.

Systran

An optical interface board transmitting or receiving Doppler data.

TC

Tracking Controller: the system controlling the pointing of the radar.

Tilt

The deviation of the azimuth rotation axis from gravitational up. The tilt is characterized by
the magnitude and the direction of the tilt.

TLE

Two Line Element set. A two line description of a satellite trajectory. TLE’s for all major
satellites are available from e.g. http://www.space-track.org.

Tracking Controller

The system controlling the pointing of the radar.

Tracks

Fragments of one or more trajectories observed in the received data.
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Trigger

En event that starts the measurement process.

TRJ file
Trajectory file.

TRK file

Track file. This file holds the results from a MOT processing.

Trunnion

A cylindrical projection on each side of a piece, whether gun, mortar, or howitzer, serving
to support it on the cheeks of the carriage.

Tx

Acronym for Transmit, usually referring to the transmitter part of the radar.

UART

Universal Asynchronous Receiver / Transmitter, an internal serial port device.

Unambiguous range

The maximum range where the distance to the object is determined without ambiguity.

UTC

Coordinated Universal Time (UTC) is the international time standard. It is the current term
for what was commonly referred to as Greenwich Meridian Time (GMT). Zero (0) hours
UTC is midnight in Greenwich England, which lies on the zero longitudinal meridian.

UTM

The Universal Transverse Mercator grid system. See UTM Coordinates (page 43).

VTI

Velocity Time Intensity. A graphical representation of the Doppler signal showing time on
the x-axis and object velocity on the y-axis. Each dot in the plot is a color coded signal
strength indicator for that specific time and velocity.

W-1000

A device that records Doppler data during the measurement, also called an Analyzer.

W-2100

A device that records Doppler data during the measurement, also called an Analyzer.
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W-700

A device that records Doppler data during the muzzle velocity measurement, also called an
Analyzer. Part of an MVR system.

Work file

A file holding results from processing original Doppler data files and antenna pointing data.

WRK

Same as work file.

[Skolnik 1]

Merril . Skolnik, "Introduction to Radar Systems, second edition", International Student
Edition, McGraw-Hill Book Company, Singapore, 1981.

<« End of Chapter »
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automatic rearm 63
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Beep on completion 15
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Cape 37
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Command Location 13
Command terminal 29
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Comment 66
Communications 7, 9
Set-up 7,9
Configure
data export 177, 179, 180
Coordinate
UTM 37
coordinate frame 36
Coordinate system
conventions 39
Define 31
Fitting 181
Coordinate Systems 173
Coriolis force 174
Create Angle Profile 23
Create file folders 53
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D

DAT file
Access Information 93
Advanced MOT Setup 125
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Open 91
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QDTI/DTI Plot 103
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ST Plot 110

DAT file processing 91

Date 66

Datum 37, 42
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Delete 68, 173

Delete measurement 69

Delete Track 116

Delta time 72

Delta velocity 72

Diagnostics
Overview 77, 83

Diagnostics: 77, 87, 89

directory 13

DMS 42

Doppler data 91

Drag file 74

DTI
Plot parameters 105
Zoom 104

DTI draw 52

E
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ED50 37

Elevation 54

ellipsoid 42

Enable extrapolation 174
Enable IRIG Synchronization 13
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Overview 74
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Filename 53, 66
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FMCW 116
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G1 or G7 drag 197
General Purpose Interface Bus 7
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graph layout 167
Graphics

Customize 14, 20

Export 172
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UK 42
Grid 169
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Add view 195
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Header 169
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HMS 42
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ID 54

Ignition Parameters 23
impact time 174
interface 10

invalid points 171
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LastN 73
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Launch Parameters 23
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Layout

WRK file view 168
Legend 169
Link - USB adaptor 8
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Make WRK 114
Manual 61
Manually 73
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Measure mode 51
Measure Mode 49
Measurement
Customize 13
Overview 63
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Merge Tracks 116
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Miscellaneous 10
Customize 15, 16
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Mode 61
Modified Point Mass (4DOF) 174
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Load results 123
MOT Parameters
About 127
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Predefined 113
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NAD27 37
Navigation

Graph Area 6

Menu Bar 5

Status Bar 6

Tool Bar 5
New group 173
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Object Type 23
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Offset 54
On-line Parameters
Overview 49
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Order 66
Output Files 49
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Parallax adjust 61
Parameters 49, 173
Plot
Doppler Time Intensity 103
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Point information 169
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Polar coordinates 38, 41
Polynomial fitting 186
Port 13
Post-Processing 10
Power mode 54
prediction 23
Preprogrammed Curve 173
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Print 68
Process 68
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Processing 49
Burst setup 58
FFT 59
Parameters 49
Radar setup 54
V0 analysis 61
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Projectile type 23
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Radar
Setup 54
RCS 138
Reference time 54
Relative Position 36, 38
Remove non-valid points (entire row) 176
Rename 173
Rename Track 116
Replace non-valid points with ‘NA’ 176
Result file 74
Result time 66
Rocket Specification 23
Round 66
RPM 58
RTDS
Customize 19

S

Save Trajectory Data 23

Search For a View 169

Segment number 58

Segment size 58

Select Fitting Coordinate System 173

Semi auto 61

Semi tolerance 61

Serial link 7

Session 64

session file 53

Session manager
Actions 68
Add/remove results 69
Burst layout 68
Change Layout 70
Default layout 67
Overview 66

Setback 54

Show angles in mils 15

Show auto displays when in auto-rearm mode 13

Show Warning 15

signal to noise ratio 138

Simulation Type 23

Sliding 61

SNR 138, 183

SOT 16, 112

Southern hemisphere 45

Spacebar 73

Spectrum
Configure plot 109
Plot 108

Spherical coordinates 41

Spline 187

ST Plot 110
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Start Measurement 63
Statistics 66, 68
Add/remove measurements 73
Configure 72
Mode 73
Overview 71
Status Bar 6
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Thrust time 174

Time 66, 174

Time diff 66

Time limit 61

Timezone 13
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Tool Bar 5

Track
Add/Delete points 118, 119, 120
Change properties 116
Difference 165
Edit and analyze 173
Export 176
Extrapolation 174
Fitting mode 181
Graphics 172
Reprocess 121
Settings 121

Track control window 114

Track Data 173

track difference 197

Track List Window 166

Tracking Radar Parameters
Overview 49

Tracking time 54

Trajectory 23, 163
Enable/Disable points 171
Predict 23

Trigger holdoff 58

trigger level 54
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Universal Serial Bus 7
Update Session Data 68
Use Coriolis force in drag calculation 174
Use height above Ellipsoid 174
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User Interface
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Customize 10
Font 12
UTM 37
UTM coordinates 43
UTM grid 45
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Map 44

\"

VO parameters 61
valid points 171
Velocity fit 52
View
Trajectory parameters 167
VTI Plot 64, 103
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WGS84 37
Wind Direction 26
Wind Speed 26
window function 138
work directory 53
Work File 64
Work Location 13
WRK file
Define graph view 195
Edit graph view 195
Export 176
Fit editor 187
Fitting 186
Graph layout 167
Introduction 163
Open 163
Point information 169
Predefined layout 168
Tool bar 165
Tools 164
Track list 166
View 167

X

XYZ 38
XYZ coordinates 40
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Zero Padding 138
Zoom
DTI 104
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SL-60034P mounted on a standard Weibel tripod

This manual describes the function of the Weibel Stripline antenna units, hereafter called
SL-xxxxxyyy or SL antenna, consisting of one of the antennas, a power supply unit, tripod
and other optional equipment. This manual should be read together with the WinDopp
User Guide and possibly the specific Weibel power supply manual.

The Weibel SL antennas are portable radar systems based on state of the art radar
technology. The transmitting and receiving antenna are microstrip array antennas and all
components in the system are entirely solid-state components.

The SL antennas are controlled by pc using a RS232/422, USB or Ethernet connection.
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1.2 Change History
Version Date By Comment

1.00 2010-02-16 MA First release.

1.01  2012-01-15 MKB Updated to cover all SL antenna types
Added sections to chapter regarding
installation of the system
Added chapter “Inside the antenna”

Added section “Physical dimensions”

1.02 2012-03-06 MKB Corrections made regarding general wording
Added section regarding self-calibration
Added information regarding safety
Added list of acronyms
Added block diagrams (system
interconnects)

Added Pinout of all connectors
Added Warning and Caution notes
Added additional pictures of PE type
antennas

1.03 2012-04-10 MKB Minor changes

1.04 2012-04-11 MKB Minor changes

1.05 2012-05-21 MKB Added notes about storm pegs

1.06 2012-06-27 MKB Added section regarding firmware installation

1.07 2012-07-13 MKB Added section regarding time source setup

1.08 2012-09-12 MKB Added section regarding resetting IP-address

1.09 2013-03-18 MKB Added information regarding FTP server
enabling for Firmware upgrade.

1.10 2015-05-19 MKB Resetting IP addresses

1.11  2016-04-05 MRN Added information how to offset time to local
time

1.12 2016-05-24 MRN Ethernet connectivity troubleshooting

1.13 2020-07-01 SJO Added antenna types SL-528PE and SL-
30033PE to section WinDopp
Communication Setup

1.3 SL Antenna Variants

The SL antennas are named like the example given below:
SL- xxx xx yyy Rev.1.01 example: SL-30031PBC
1 2 3 4

2 Weibel proprietary and confidential UG-3056 1.13
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StripLine Antenna

- Fixed head Doppler radars.

Field Description
1 This number corresponds to the maximum transmission power in 0.1 W
steps.

The following options are available:

5, 20, 30, 70, 150, 300, 600. (corresponding to 0.5 Watt to 60 Watt)

2 This two-digit number corresponds to the nominal antenna gain.
The following options are available:

20, 25, 28, 31, 33, 34, 36

3 Each of the letters correspond to an added option:

M Military version (MIL Speced) for tactical use with W-700M
(Only used for SL-520M)

P Integrated analyzer electronics (ADC, Sample memory, Control
CPU, PSU and System interface)

A Analytical version of the M Antenna (Only used for SL-520A)

B Low noise oscillator (Poseidon)

Cc Ethernet connector for communications.

D Software configurable transmit frequency (+/-3MHz)

E Low Noise, Ethernet interface, 1/Q mixer (RRRP VR Program)
4 Revision number.

Note: Not all combinations of options and models are available.

1.4

UG-3056 1.13

SL-xxxxxyyy Background

The SL-xxxxxyyy Doppler Radar antennas consist of integrated receiving and transmitting
modules, ensuring minimal setup time and reliability. They are capable of measuring
Doppler velocity and integrated range and are controlled using software running of a
standard Windows laptop or a dedicated analyzer unit.

The SL-xxxxxyyy uses single-frequency X-band microwaves for its radar function and
interfaces to the controller/analyzer using either Ethernet or RS-232/422 connections. The
antenna is typically installed on a tripod, but can also be mounted on custom mechanical
setups.

The SL-xxxxxyyy antenna setup has a number of configuration options, which are all
discussed in the Install the SL-xxxxxyyy (page 5) chapter. This chapter includes
information regarding tripod placement, antenna mounting, cable connections and
communication setup.

Since the SL-xxxxxyyy antennas have many different configurations regarding power and
gain; the connector configuration differs from model to model. Please consult the
Connectors & Indicators (page 25) chapter for more information regarding your models
specific configuration.
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The SL-xxxxxyyy antenna is operated as the main component of the radar system using
the in-house developed software WinDopp. The user needs no technical knowledge of the
interface between the computer running WinDopp and the radar itself, but can refer to the
WinDopp manual information regarding software control options.

The SL-xxxxxyyy antennas all require maintenance at certain time intervals and may
require updates of firmware from time to time. The procedures regarding these topics are
covered in the Maintenance (page 45) chapter.

1.5

1.5.1

SL-xxxxxyyy Certification

The SL-xxxxxyyy Doppler Radar antennas follow the below standards in regards to FCC
standards and certification.

As per 47 CFR §15.105

Note: This equipment has been tested and found to comply with the limits for a Class A
digital device, pursuant to part 15 of the FCC Rules. These limits are designed to provide
reasonable protection against harmful interference when the equipment is operated in a
commercial environment. This equipment generates, uses, and can radiate radio
frequency energy and, if not installed and used in accordance with the instruction manual,
may cause harmful interference to radio communications. Operation of this equipment in a
residential area is likely to cause harmful interference in which case the user will be
required to correct the interference at his own expense.

As per 47 CFR §15.19

This device complies with part 15 of the FCC Rules. Operation is subject to the following
two conditions: (1) This device may not cause harmful interference, and (2) this device
must accept any interference received, including interference that may cause undesired
operation.

As per 47 CFR §15.21

The user’'s manual or instruction manual for an intentional or unintentional radiator shall
caution the user that changes or modifications not expressly approved by the party
responsible for compliance could void the user's authority to operate the equipment. In
cases where the manual is provided only in a form other than paper, such as on a
computer disk or over the Internet, the information required by this section may be included
in the manual in that alternative form, provided the user can reasonably be expected to
have the capability to access information in that form.

RF Exposure warning statements:

This equipment complies with FCC radiation exposure limits set forth for an controlled
environment. End users must follow the specific operating instructions for satisfying RF
exposure compliance. This transmitter must be at least a distance from the user as
indicated in the table below and must not be co-located or operating in conjunction with
any other antenna or transmitter. The maximum antenna gian is 28 dBi.

System SL-520PE SL-525PE SL-528PE SL-2028PE SL-15028PE SL-30033PE

Safety Distance 0.8 meters 1.4 meters 1.6 meters 4.8 meters 10.7 meters 21.9 meters

The information in this guide may change without notice. The manufacturer assumes no
responsibility for any errors that may appear in this guide.
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2 Install the SL-xxxxxyyy

2.1 Installation Overview

Installing the SL-xxxxxyyy involves unpacking, mounting the components, checking the
installation, connecting cables to other system components, connecting power and setting
up communications options in the user interface.

The SL-xxxxxyyy is preconfigured from the factory when shipped as part of a system. In
this case please follow the instructions in the system documentation.

A system consists of the following components:

>

vVvyVvyVvyVvVvyyypy

>

SL-xxxxxyyy Antenna

Power Supply Unit (PS-xxxx)

Antenna Tripod

Sighting Scope for the Antenna

Instrumental Control Unit (IC-xxxx), laptop or pc
Antenna signal cable

Antenna power cable

Mains power supply cable

Long signal and data cable (typically on drum)

Optional items are:

» External Display Unit
» External Trigger Device
» Warning Device
» IRIG Time Unit
» Display Cable
» Trigger cable
» Warning Device cable
» IRIG Time cable
Notes
» Only the SL-xxxxxyyy Antennas will be covered in detail in this

UG-3056 1.13

document. For specifications on the other system components please
consult the specific unit manual.
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» Warning Devices are only available for antennas with a transmission
power of 3 Watts or higher

2.2

Un-pack the SL-xxxxxyyy

To unpack the SL-xxxxxyyy:
1. Inspect the shipping boxes for any damage.

2. Carefully open and remove the equipment and the accessories from
the shipping boxes.

Notes
» Keep the shipping boxes for future use.

» If any of the boxes were damaged during transportation, check the
equipment for any visible signs of damage.

Caution

» Make sure not to damage Teflon surface of the antenna elements on
the front of the antenna. Any scratches on this surface may result in a
degraded performance of the radar.

2.3

2.31

Mounting the Antenna on a Tripod

This document only covers use of the SL-xxxxxyyy antennas mounted on a standard
tripod. Some antenna variants might be tailored to different uses — in these cases please
refer to the documentation that came with the antenna.

Standard tripod

1. First place the system Tripod at the desired Antenna position, with
one leg pointing close to the line of fire.

2. Mount the Antenna unit on the top of the tripod and aim the Antenna
roughly in the firing direction.

3. Level the Tripod/Antenna assembly using the bubble on the Antenna
base.

4. Aim the Antenna carefully to the line of fire using the detachable
sighting scope.

5. Raise the antenna to the desired Elevation using the scale on the
side of the antenna, if required turn the Antenna Azimuth towards the
line of fire using the scale on the Antenna base

6. If required secure the Tripod from the blast with storm pegs,
sandbags or similar weighted items to prevent the system from falling
over.

Weibel proprietary and confidential UG-3056 1.13
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Elevation scale

Azimuth scale

Direction of line of fire

SL-30031P on Tripod

7. Confirm that the placement of the antenna does not put it in harm’s
way; i.e. to close to the blast of the launcher.

8. Confirm that the antenna has a clear line of view for the intended line
of fire.

Caution

» Confirm that the placement of the antenna does not put it in harm’s
way; i.e. to close to the blast of the launcher or in the path of possible
debris.

» Weighting down or securing the tripod with storm pegs is required in
the presence of strong winds or other phenomena to prevent it from
falling over.

24

241

UG-3056 1.13

Cable Connections

Once proper placement of the antenna has been completed the following step is to
connect the antenna to the different system components.

There are three general setups that depend on the specific system components which are
based on the type of power supply used for the system. The first one covers systems that
used the Weibel PS-100x and PS-200x power supplies. The second system setup are for
PS-600x and above. The third setup is for antenna systems that do not include an
integrated analyzer and needs an external analyzer. This includes all antennas that either
have no letter indication or are of the types M or A (i.e. SL-520, SL-520A or SL-520M).

The following sections show different system setups but keep in mind that these are
samples since specific system setups depend on the system components.

System setup when using PS-100x/200x

To complete the cable connections for this setup follow these steps:
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Install the SL-xxxxxyyy

WEIBEL

1. Connect the antenna control cable from the antenna to the power
supply (see Figure below).

2. Connect optional system components to antenna: External Trigger
and Display (see Figure below).

Connect optional system components to PS-100x/200x: IRIG signal

4. Ensure that the power supply is set to the correct AC voltage (in case
of a voltage selector) and connect the power supply to the AC main
(see Figure below).

5. Connect the power supply to the IC-700 using either USB, RS232,
RS422 or Ethernet (see Figure below).

6. For details on how to setup communication to the antenna please
consult the WinDopp Communication Setup (page 14) section.

=0 Control Cable

Radar Unit

———10 Display Cable
s~———<1D Trigger Cable

IRIG SIGNAL
Control Cable PS-100x/200x

Ext. display
110/220 ; j 1/0 Link ===
e 7/

VAC

SL-xxXxxyyyy system setup when using PS-100x/200x

Weibel proprietary and confidential UG-3056 1.13
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24.2

UG-3056 1.13

—— Alt. RS232/422

connection to IC-700

AC Voltage selector
and AC main cable

Setup Example: SL-520P Antenna connected to PS-100U power supply

Warning

> Never walk in front of radiating antenna. Consult Weibel Safety
Distance document TR-1032-Safety_Distance for radiation safety
distance of the specific antenna.

Caution

» Ensure all systems are off before connecting or disconnecting any
cables

System setup when using PS-600x and higher
To complete the cable connections for this setup follow these steps:

1. Connect the antenna power cable from the antenna to the PS-600x
or higher; from here referred to as power supply (see Figure below)

2. Connect the antenna to the IC-700 through one of three options:

e Connect the antenna control cable to a PS-100/200 (U, C or
PE) and using the power supply; connect to the antenna (as
described in step 4 of the previous section).

e Connect the antenna control cable to the IC-700 using a
Weibel USB-COMi adapter cable.

e Connect the antenna Ethernet cable to the IC-700.

3. Connect optional system components to antenna or power supply:
External Trigger, Display, and Warning Device (connectors also
shown on Figure below)

4. Ensure that the power supply is set to the correct AC voltage (in case
of a voltage selector) and connect the power supply to the AC main
(see Figure below)

5. For details on how to setup communication to the antenna please
consult the WinDopp Communication Setup (page 14) section.
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—10 Control and Data Radar Unit
s—1M0 Ext. Display ==
~———<M Trigger
Antenna Power
Power Supply
110/220 [ | = Py \ 2
VAC o ‘ |
(‘ﬂﬂ —l‘ Warning Device Cable
b Trigger Cable
Ext. Display Cable
Ethernet or RS422
Control Cable PS-100x/200x _ : :
110/220 ‘ - j ‘~"’°L Ext. display
VAC
SL-XXxxxyyy system setup when using PS-600x or higher
PS-100U Antenna Control and PS-600 Antenna Power, Mains Power,
RS232/422 connection Trigger and Warning device

Optional Trigger and Display

ey
Antenna Power and Control Cable RS-232/422 connectors
(and optional Ethernet cable) to USB COMi Unit

Setup Example: SL-15028P antenna powered by PS-600 and connected through PS-100U

Warning

> Never walk in front of radiating antenna. Consult Weibel Safety
Distance document TR-1032-Safety_Distance for radiation safety
distance of the specific antenna.

10 Weibel proprietary and confidential UG-3056 1.13
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Caution

» Ensure all systems are off before connecting or disconnecting any
cables

System setup when using external analyzer

The following section involves all SL antenna types that do not include an integrated
analyzer. Therefor they are not discriminated into groups depending on power supply size;
since the general setup is the same for all systems.

To complete the cable connections for this setup follow these steps:

1. Connect the antenna control cable to the W-700 using one of two
options:

e For small systems connect the antenna control cable directly
to the W-700

e For larger systems connect it to the power supply (PS-600
or higher) and then connect the power supply to the W-700

(see Figures below)

2. For larger systems connect the antenna power cable to the power
supply (PS-600 or larger). (see Figures below)

3. Connect optional system components: External Trigger and Warning
Device to either antenna or power supply.

4. Ensure that the power supplies and analyzer are set to the correct
AC voltage

Connect W-700 power connector to a PS-100G.
For systems using PS-600 or larger connect this unit to the AC main.

5. For details on how to setup communication to the antenna please
consult the WinDopp Communication Setup (page 14) section.

Weibel proprietary and confidential 1
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Radar Unit
g Control Cable

710 Trigger Cable

5 ] Trigger Cable

4 %, Ext. Trigger

Control Cable
= 1]

P5-100G

s _[

SL-xxxxxyyy System Setup using W-700 and PS-100G

. Radar Unit

W Trigger
Antenna Signal
Antenna Power

Power Supply

™|
110/220 (| ‘

Control Cable
= I}

P5-100G

e Power
110/220 - I If
VAC T

IC-700

SL-xxxxxyyy System Setup using W-700 and PS-600 or higher

Weibel proprietary and confidential
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W-700 Analyzer Front

W-700 Analyzer Back

Antenna Control, PS-
100G Power and USB
Link to IC-700

Setup example: W-700 analyzer connected to antenna, PS-100G and laptop

Warning

> Never walk in front of radiating antenna. Consult Weibel Safety
Distance document TR-1032-Safety_Distance for radiation safety
distance of the specific antenna.

Caution

» Ensure all systems are off before connecting or disconnecting any
cables
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WinDopp Communication Setup

Once all placement and cable connections are completed it is necessary to set up the
communication between the IC-700 and the antenna. This is done by using the Weibel
software WinDopp. This section will explain how to set up the different types of

communication configurations used by the SL-xxxxyyy antennas.

Since there are several different configurations available for the communication and these
are depend on the specific antenna model the following table explains what method should
be used for each antenna model.

Antenna Type Link Type Primary Optional
Configuration Configuration
SL-520A/M
SL-525 W-700 Standard RS232 (page 15)
SL-528
SL-531
SL-3028 W-700 with Link | -k~ ?gB Adaptor | ps939 (page 15)
SL-7025 (page 16)
SL-1025
SL-15028 /B
SL-15034 W-700 with USB Direct USB (page 17) | RS232 (page 15)
SL-30031
SL-520P/PD
PS-100C DOS RS422D (page 17) RS232 (page 15)
SL-525P
SL-528P/PB i
PS-100C Windows | RS422W (page 18) RS232 (page 15)
SL-3028P
SL-15028P/PB
PS-100U RS422W (page 18) RS232 (page 15)
SL-30031P
SL-528PC Anvwhere USB Anywhere Ethernet RS232 (page 15),
SL-3028 y (page 19) RS422W (page 18)
SL-15028PC/PBC
SL-30031PC . Belkin Ethernet RS232 (page 15),
Belkin USBHUB | age 19) RS422W (page 18)
SL-60034P/PC
SL-520PE
SL-525PE
SL-528PE
) Direct Ethernet (page | RS232 (page 15),
SL-2033PE Ethernet adaptor 20) RS422W (page 18)
SL-7036PE
SL-15028PE
SL-30033PE

Weibel proprietary and confidential
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» To change from primary to optional communication configurations it
will be required to change the antenna default setup either using an
external display or a telnet connection.

2.51 RS232

All Weibel antennas have the option of using the RS232 communication option.

To set up the RS232 connection complete the following steps:

1.

.
[

" Rg-232Md22 "~ GPIE
" Use

RS-232/422 Settings

COMPot |1 Communications Por [COM1] |
Baud Ratee  (S7E00 -

Facty
Chata Bats:
Stop Bits

EEE

Seitings ]
Transfer Mode

Start WinDopp and open the Communication Setup menu (F10).
(The menu will appear automatically if the current setup is incorrect).

Set up the menu as shown on the Figure below with the following
corrections:

e Ensure that the com port selected is the one the RS232
cable is connected to.

e Selected the appropriate baud rate. A list of available baud
rates can be found in the Baud Rate (page 21) section.

e |If the baud rate has to be changed when using a W-700; use
the W-700 interface to do so (for details on how to do this
please consult the W-700 manual).

~ ICPAP

Hone

WinDopp RS232 Communication Setup

UG-3056 1.13

Weibel proprietary and confidential 15



WEIBEL
Install the SL-xxxxxyyy DOPPLER RADARS

2.5.2 Link - USB Adaptor

Some of the W-700 analyzer systems uses an 101000 adapter when using the USB
communication configuration.

To set up the Link — USB Adaptor connection complete the following steps:

1. Connect the 10-1000 adaptor to the IC-700 and install the 10-1000
USB Link driver (found on the WinDopp installation CD). Find the
nominated COM Port in the Windows Device Manager.

2. Start WinDopp and open the Communication Setup menu (F10).
(The menu will appear automatically if the current setup is incorrect).

3. Set up the menu as shown on the Figure below with the following
corrections:

e Ensure that the com port selected is the one the IC-700 sets
up for the USB cable.

e Selected the appropriate baud rate. A list of available baud
rates can be found in the Baud Rate (page 21) section.

e |f the baud rate has to be changed this is done using the W-
700 interface (for details on how to do this please consult the
W-700 manual).

Settngs |
Trarizhes Mode:
~
~ RG232M22
o Use

USE Configuration
| Lirik: < LISE adaspdon P70

RS-230M22 Settings

WinDopp Link — USB Adaptor communication setup
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2.5.3 Direct USB

Some W-700 analyzer systems uses a direct USB link when using the USB communication
configuration.

To set up the Direct USB connection complete the following steps:

1. Connect the W-700 USB cable to the IC-700 and install the W-700
USB driver (found on the WinDopp installation CD).

2. Start WinDopp and open the Communication Setup menu (F10).
(The menu will appear automatically if the current setup is incorrect).

3. Set up the menu as shown on the Figure.

Transhes Mode
;o

I REZ32M22
 yse

IS8 Conlfigurstion

RS-232/422 Selfings

WinDopp Direct USB communication setup

254 RS422D

Older DOS based IC-700 systems utilize the Weibel 812 link board when using the RS422
communication configuration.

To set up the RS422D connection complete the following steps:

1. Connect the PS-100C to the IC-700 and install the 10-700 RS422
driver (found on the WinDopp installation CD).

2. Start WinDopp and open the Communication Setup menu (F10).
(The menu will appear automatically if the current setup is incorrect).

3. Set up the menu as shown on the Figure below with the following
corrections:

UG-3056 1.13 Weibel proprietary and confidential 17
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255

18

oy

Seftinge |
Tiansler Mode:
~

« P2

LB

LSE Configuraton

WEIBEL

Ensure that the com port selected is the one the PS-100C
cable is connected to.

Selected the appropriate baud rate. A list of available baud
rates can be found in the Baud Rate (page 21) section.

[Descs

RS-232/422 Settings
COM Port Musmbet

B Rt
Pty

Dt Bt
Slop Bits:
Adlaphoe lypa:

¥ Set baud rate i devics

| Pl | _ Dol |

[ ok

dogy |

WinDopp RS422D communication setup

RS422W

Some Windows based IC-700 systems utilize the Weibel 10700 link board or USB COMi
Adaptor (either as separate adaptor or built in for the PS-100U) when using the RS422
communication configuration.

To set up the RS422W connection complete the following steps:

1. If using a PS-100C connect it to the IC-700 and install the 10-700
RS422 driver (found on the WinDopp installation CD).

If using a USB COMi adaptor connect it to the IC-700 and install the
USB COMi driver (found on the WinDopp installation CD).

2. Start WinDopp and open the Communication Setup menu (F10).
(The menu will appear automatically if the current setup is incorrect).

3. Set up the menu as shown on the Figure below with the following
corrections:

Ensure that the com port selected is the one the PS-
100C/USB COMi cable is connected to.

Weibel proprietary and confidential UG-3056 1.13
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2.5.6

2.5.7

Configusation:
P

Settingn l
Tranaied Mode
~

 RpIRaz
e |se

USE Configuration

Install the SL-xxxxxyyy

e Selected the appropriate baud rate. A list of available baud

rates can be found in the Baud Rate (page 21) section.

e Set the adaptor type to either Weibel 10700 if using the

10700 link or Standard if using the USB COM.,.

|oRect isa
RS-ZI2M22 Ssitrgs
COM Peet Nursbser
Baisd Rale

Paihy:

Dot Bt

Slop B

Adlaplor bppe

i Sel baud esle n dence

[ Resibives |

“V?cbd |0Fo00 'rl
Dredensk

114

||

WinDopp RS422W communication setup

Anywhere Ethernet

Antennas with Ethernet capabilities produced before 2009 utilizes an Anywhere USB
Ethernet adaptor.

To set up the Ethernet Anywhere connection complete the following steps:

1. Install the Anywhere USB 180 driver (found on the WinDopp
installation CD).

2. Connect the Ethernet cable from antenna to IC-700 and install the W-
700 USB driver (found on the WinDopp installation CD).

3. Start WinDopp and open the Communication Setup menu (F10).
(The menu will appear automatically if the current setup is incorrect).

4. Set up the menu as shown on the Figure below.

Belkin Ethernet

Antennas with Ethernet capabilities produced after 2009 utilizes a Belkin USB Ethernet

adaptor.

To set up the Belkin Ethernet connection complete the following steps:

UG-3056 1.13
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1. Install the Belkin Network USB Hub driver (found on the WinDopp
installation CD).

2. Connect the Ethernet cable from antenna to IC-700 and install the W-
700 USB driver (found on the WinDopp installation CD).

3. Start WinDopp and open the Communication Setup menu (F10).
(The menu will appear automatically if the current setup is incorrect).

4. Set up the menu as shown on the Figure below.

Transhes Mode
;o

© R§232MZ
& |58

IS8 Conlfigurstion

RS-232/422 Selfings

I
e
—
B

WinDopp Anywhere Ethernet / WinDopp Belkin Ethernet communication setup

2.5.8 Direct Ethernet

The antennas with the PE letter indication functions as a network device utilizing a pure
Ethernet configuration.

To set up the Direct Ethernet connection complete the following steps:

1. Start WinDopp and open the Communication Setup menu (F10).
(The menu will appear automatically if the current setup is incorrect).

2. Set up the menu as shown on the Figure below.

If using multiple devices as described in the WinDopp manual please
ensure that no devices have the same IP address.

(See Changing the default IP address section for a description on
how to setup new IP addresses).
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Communication Setup

Configuration:
W W

Settings l

Transfer Mode

lﬂ- H
" RS-232/422 " GPIB

" USE
TCP/IP Settings

IP Address: 192.168.0.93
Port Mumber: RO

[ Bt |

Default

ok | fooly |

|# 8oimag

WinDopp Direct Ethernet communication setup

Baud Rate

Install the SL-xxxxxyyy

The following table describes which baud rates are available for the different

communication configurations that require a baud rate specified.

Baud Rates | RS232 | RS422D

RS422W

9600 N

\/

\/

19200

\/
38400 N
57600 N

100000

125000

250000

500000

P - - I = I .

R I - L I -

Changing the default IP address

The new line of PE antennas can run a direct Ethernet communication setup which allows
the user to add several antennas onto a network and connect and work over this network.

This requires that the antennas each has a specific IP address.

All PE antennas are supplied with one of two default IP address of 192.168.0.93 and

192.168.3.93; which can be changed by completing the following steps:

1. Connect the Ethernet cable from the PS-200 to a PC that is not
connected to a network.

2. From the windows Run field (located in the start bar) type:
telnet 192.168.0.93 (Or 192.168.3.93)

and the window seen on the following figure should appear

3. In this new window enter into the parameters menu — Internal —
Network and locate IP address 1.

Weibel proprietary and confidential
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4. Change it to the IP address that will be the units specific address.

5. Note the new IP address along with the Antenna unit serial number
to remember which antenna has what address.

U:[ UserTernm 1.11 - 192, 168.3.4 : 23 - Connected

SL-xxxxxPE Telnet user terminal window

2.5.1 Resetting to the default IP address

In the case the IP address being forgotten or being mislaid the SL-xxxxxPE antennas has
a built in IP address reset feature.

When utilizing this feature the PE antennas will reset its IP address to 192.168.0.93

The IP address reset function is performed in the following way.

1. Connect the Antenna to the PS-200 and connect the Ethernet cable
from the PS-200 to a PC that is not connected to a network.

2. Turn on the system and wait for 2 hours

After the two hours the Status Indicator LED will invert its blinking
function. Going from stable green with a red blink to a stable red with
a green blink.

Once this state is achieved the antenna has reset it IP address.
4.  Change the Subnet mask of the laptop to 255.255.255.0
At this point complete one of the following three actions
5a. Open WinDopp and connect to the default IP address 192.168.0.93

From WinDopp change the IP address through the advance
parameters tab.

5b. Open the User terminal program and input the IP address of
192.168.0.93
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From the User terminal program change the IP address.
(See the previous picture for the IP address menu)

5c. Using the telnet command: telnet 192.168.0.93 connect to the

antenna
From the telnet window change the IP address.
(See the previous picture for the IP address menu)

Note the new IP address along with the Antenna unit serial number
to remember the |P address.

Reboot the antenna to make the new IP address take effect.
Reset the Subnet mask of the laptop to 255.255.252.0

Reconnect to the antenna with the new IP address to verify the
change has taken effect

2.6

2.6.1

UG-3056 1.13

Time Source Configuration

The SL-xxxxxyy antennas can use different time sources to enable time synchronization.
For most of the antennas this is done using the IRIG synchronization option that can be set
up from the WinDopp User interface and an external IRIG time generator that is plugged
into the IC-700 on which the WinDopp is running. For details on how to setup IRIG
synchronization from WinDopp consult the WinDopp manual.

The SL-xxxxxPE antennas also has the option of using the internal GPS device (if
available) or alternatively having a IRIG device connected directly to the antenna power
supply. Setting up the PE antenna time source is explained in the following section

SL-xxxxxPE Time Source Setup
To setup the time source complete the following steps.

1. Connect the antenna to the power supply and IC-700 and possibly the IRIG

device if this is the option chosen.

2. Turn on the system, open WinDopp and connect to the antenna
Open the parameters screen (F3) and enter the Advanced menu
Enter the Internal — System Configuration — Time Source and choose the
option used (See following picture).
[
i) I Canbrguater: Pl i Pl Vishis Comarearad]
[ ] P, sl P Skl 4 ¥ Frduh s
:;:'r“ Tew Sance AL kg 1 TIME SOURCE
AAli-mlr\.l:l.il
Lanrabai
Liwaguuey ot sz Fiban
Burd M pasunsrent
= |l
LTy
b Lossin
" Fie
Cliremeise MO Codes
Options available are: Free Running, GPS, AC IRIG and DC IRIG
5. The Status bar at the bottom of the WinDopp screen should become green
once the time signal is present.
6. When using GPS as time source the time is UTC time as default. To offset

this to a local time zone, open a terminal (from WinDopp) and type in the

Weibel proprietary and confidential 23



WEIBEL
Install the SL-xxxxxyyy DOPPLER RADARS

command: GPSTIMEOFFSET n where “n” is the time zone offset (+/-) from
UTC time with unit of seconds, i.e. -1 hour offset equals n = -3600.
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Connectors & Indicators

3.1

Connector Overview

In this section the external connectors and indicators on the SL-xxxxxyyy antennas are
described.

3.2

UG-3056 1.13

SL-xxxxxyyy Connector Panels

The connector panel located on the antenna provides the communication interface, power
supply as well as LED indicators for system status.

Because of the various antenna configurations the connector panels differ from system to
system. It is however composed from the same set of connector types each having a
specific purpose and pin out. In the following sections a sample of the different connector
setups may be found; although keep in mind that minor changes such as the exact
connector placement and LED indicators may occur.

To find information about a specific connector on your antenna:

1. Find the appropriate antenna type and connector panel in the
following sections.

2. Note the number in the call-out.

Find the table entry in the section SL-xxxxxyyy Connector Types
(page 31).
4. Look-up the specific connector in one of the sub-sections.
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3.21 SL-520A, SL520M

For details about a specific connector note the number and refer to the SL-xxxxxyyy
Connector Types (page 31) section.

SL-520A

3.2.2 SL-520P, SL-520PD, SL-525P

For details about a specific connector note the number and refer to the SL-xxxxxyyy
Connector Types (page 31) section.

SL-520P
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3.2.3 SL-520PE, SL-525PE

For details about a specific connector note the number and refer to the SL-xxxxxyyy
Connector Types (page 31) section.

SL-520PE

3.24 SL-525, SL-7025, SL-528, SL-3028, SL-15028, SL-531, SL-30031

For details about a specific connector note the number and refer to the SL-xxxxxyyy
Connector Types (page 31) section.

SL-30031 (left) and SL-7025 (right)
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3.2.5 SL-528yyy, SL-3028yyy, SL-15028yyy, SL-30031yyy

NOTE: Not all letter configurations (P, PB, PC, PBC, PE) are available; this is specific for
certain power and gain configurations.

For details about a specific connector note the number and refer to the SL-xxxxxyyy
Connector Types (page 31) section.

SL-15028PC

SL-15028PE
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3.2.6 SL-2033PE

Connectors & Indicators

For details about a specific connector note the number and refer to the SL-xxxxxyyy
Connector Types (page 31) section.

Iy Al & =

SL-2033PE

3.2.7 SL-15034

For details about a specific connector note the number and refer to the SL-xxxxxyyy
Connector Types (page 31) section.

"

TRANSMIT

ANT. POWER SIGMAL OUT
o4&

n,t*

SL-15034
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3.2.8 SL-60034P

The SL-60034P antenna type is unique in having separate connectors on the RX and TX
parts of the antenna.

For details about a specific connector note the number and refer to the SL-xxxxxyyy
Connector Types (page 31) section.

SL-60034 Rx side (left) SL-60034 and Tx side (right)

3.2.9 SL-7036PE

For details about a specific connector note the number and refer to the SL-xxxxxyyy
Connector Types (page 31) section.

SL-7036PE
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3.3 SL-xxxxxyyy Connector Types

The following connector types are referenced in the SL-xxxxxyyy Connector Panels (page

25) section.

CNumber > Used for

1 Trigger

2 Antenna control

5 Display

4 Ethernet connection
5 +48V Power

6 +15V Power

7 Oscillator Connection

Type

Cannon 12P Male size 14

Part Number: KPT02E14-12P

Mating Part: KPSE6E14-12S-DZ
Connections, see Trigger connector (page 32)

Cannon 19P Male size 14
Part Number: KPT2E14-19P-EX

Mating Part: KPSE6E14-19S-DZ
Connections, see Antenna Control (page 33)

Cannon 10P Female size 12
Part Number: KPT7A12-10S-EX

Mating Part: KPSE6E12-10P-DZ
Connections, see Display connector (page 34)

MIL-C-28482 RJ45 female
Part Number: RJF 22 G 00 100BTX

Mating Part:
Connections, Standard Ethernet pinout

(This connector is replaced by a blanking cap for
certain antenna configurations)

2+3-P Male size 22

Part number: CAO2COM-E22-12P-B
Mating Part:

Connections, see 48V Input Power to SL-
60034P antenna (page 34)

Cannon 5-P Male size 14

Part Number: KPSE2E14-22P

Mating Part: KPSEGE14-22S-DZ

Connections, see +15V Input power to
remaining SL-xxxxxyyy antennas (page 35)

(This connector is replaced by a blanking cap for
certain antenna configurations. In this case the
antenna receives power through the Antenna
Control connector)

Huber & Suhner Female N-Type to SMA
Part Number: 37N-SMA50-1/131
Mating Part: Male N-Type Connectors

Connections, see Oscillator Connection (page
35)
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CNumber > Used for Type

8 Antenna Interconnect Cannon 32-P Male size 18
Part Number: KPT02E18-32P

Mating Part: KPSEGE18-32S-DZ

Connections, see Antenna Interconnect (page
36)

9 GPS Antenna Jinchang GPS external Antenna
Partnumber: JCA003
Connections, see GPS Antenna (page 37)

The following table explains the use of the different indicator diodes found on the

antennas.
_CNumber > Used for Type
D1 Transmit diode LED, see Indicator Diodes (page 37)
D2 Status diode LED, see Indicator Diodes (page 37)
D3 Antenna Power diode LED, see Indicator Diodes (page 37)
3.3.1 Trigger Connector

The trigger signal input on the antenna is a 12 core connector for a differential trigger
signal. The 12 core connector also provides +15volt power for a Weibel FOT-2 or
microphone trigger device.

The 12 core connector has 100Q input impedance between the differential input pins and
the differential input voltage must not exceed £10volt. The pin out is listed in the table
below.

Trigger Connector Pinout

Pin number Description

Differential trigger input +
Differential trigger input -
Not used

Not used

m O O @

Not used

32 Weibel proprietary and confidential UG-3056 1.13



WEIBEL

3.3.2

UG-3056 1.13

Connectors & Indicators

Pin number Description

Not used

Not used

Not used

+15volt power output (max. 500mA)
GND, power return

-15volt power output (max. 500mA)

= r X &« T o ™

Not used

Antenna Control

The Antenna Control connector on the antenna is a 19 core connector that is used for data
transfer for communication and Doppler signal from the measurement. The connector can
also provide the antenna with +24V power which is the only power connection for the
smaller antennas. The pin out is listed in the table below.

Antenna Control Connector Pinout

Pin number Description
TXD+/ETX1+
TXD-/ETX1-
RXD+/ERX1+
RXD-/ERX1-
RTS-/ETX2+
RTS+/ETX2-
CTS+/ERX2+
CTS-/ERX2-
SEL

oV

GND
ACIRIG+
GND
ACIRIG-

T Z2 2 Fr X <« I o mmogooO w
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Pin number Description

+24V

S STATUS_LED1
T STATUS_LED2
u oV
Vv +24V

3.3.3 Display Connector

The Display connector on the antenna is a 10 core connector that is used to connect the
optional external display used to control the antenna directly. The pin out is listed in the
table below.

Display Connector Pinout

Pin number Description
DRX-

DRX+

DTX+

D+

D+

DG

A &« I G mm O O W

3.3.4 48V Input Power to SL-60034P Antenna

The 48V Input Power connector located only on the SL-60034 antenna is a 5 core
connector used to power the antenna. The pin out is listed in the table below.
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48V Input Power Connector Pinout

Pin number Description
TCREM
+48V

GND

Not Used
PGND (0V)

m O O @

3.3.5 +15V Input Power to Remaining SL-xxxxxyyy Antennas

The +15V Input Power connector located on the SL antennas is used to power the
antenna. The pin out is listed in the table below.

+15V Input Power Connector Pinout

Pin number Description
+12V/+15V
PGND
PGND
+12V/+15V
TCREM

m ©T O @

3.3.6 Oscillator Connection

The Oscillator Connection connectors located on the SL antennas that use two antennas;
one for receiver and one for transmitter; is used to connect the oscillator signal between
the antennas. The pin out is listed in the table below.

Pin number Description
Center Pin Oscillator Signal
Shield PGND
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3.3.7

36

Antenna Interconnect

WEIBEL

The Antenna Interconnect connector located on the SL antennas that use two antennas;
one for receiver and one for transmitter; is used to transfer power and control signals

between the antennas. The pin out is listed in the table below.

Antenna Interconnect Connector Pinout

Pin number

< X s < Cc 4 »nwxXx vz X« I G TMmMmOoOoOw

Description
TXD+/ETX1+
TXD-/ETX1-
RXD+/ERX1+
RXD-/ERX1-
RTS-/ETX2+
RTS+/ETX2-
CTS+/ERX2+
CTS-/ERX2-
SEL

oV

GND
ACIRIG+
GND
ACIRIG-
+24V

STATUS_LED1
STATUS_LED2

oV

+24V
Not Used
Not Used
Not Used
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Pin number Description

Z Not Used
a CTRL TXD-
b CTRL TXD+
c CTRL RXD-
d CTRL RXD+
e CTRL CTS+
f CTRL CTS-
g CTRL RTS+
h CTRL RTS-
i oV

GPS Antenna

The GPS Antenna is an external GPS antenna that is directly mounted onto the antenna
and connected internally. The pin out is listed in the table below.

GPS Antenna mounted externally on antenna

Pin number Description
Center Pin GPS RF Signal
Shield PGND

Indicator Diodes

Antenna status Status LED Transmit LED Ant. Power LED
Power up Red Light Off Red Light
System ready Red/Green Flashing Off Green Light
Transmitting Red/Green Flashing Green Light Green Light
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Inside the Antenna

4.1

Overview

This section describes the internal parts of the SL-xxxxxyyy antennas on a component
level and is intended for system component identification.

The antennas are manufactured in a numbers of variants, each having differences in the
electronic and mechanical build up, but the main components can be found in all antennas.
These components can be found in the section named Main System Components (page
39).

Besides the main system components the antennas that include any of the P, B, C or E
options include extra components needed for antenna communication, oscillators and
other electrical components. These components are covered in the section named
Optional System Components (page 42).

4.2

UG-3056 1.13

Main System Components

This section describes the most common components found in all SL-xxxxxyyy antennas.
Included in this subsection are sample pictures of three different size antennas to give an
understanding of the system build-up. Each component is listed below.

SL-520 Antenna
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SL-30031 Antenna

Ref

© 00 N O g b~ W N -~

-
o

Description

Local Oscillator

LO Coupler

Double Balanced Mixer
Double Balanced 1Q Mixer
Microwave Filter

Low Noise Amplifier
Channel Summer

LO Amplifier

LO splitter

IF Amplifier Board

Weibel proprietary and confidential
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Ref Description
11 CPU Board

12  Silica gel to keep the antenna dry
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4.3 Optional System Components

This section describes the components associated with the different options P, B, C, and E
of the SL-xxxxxyyy antennas. Included in this subsection are sample pictures of two
different size antennas to give an understanding of the system build-up. Each component
is listed in the table following the pictures.

Antenna Front
T -1

Ethernet Belkin Box
with enclosure

Ethernet Belkin Box
without enclosure

SL-15028PB
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Receiver Side Bottom Layer Transmitter Side Bottom Layer
g 3 w B I ] " r )

SL-60034PBC

UG-3056 1.13 Weibel proprietary and confidential 43



Inside the Antenna

SL-520PE Front

SL-2033PE Front

Ref
21
22
23
24
25
26
27
28
29
30

44

Description

Low Noise Local Oscillator

Double Balanced 1Q Mixer and Amplifier Unit
Integrated Analyzer with power supply
+24\ Power Supply Unit

Ethernet Belkin Box

Ethernet Anywhere USB Converter Unit
Power Pack Amplifier Unit

Miniaturized Low Noise Local Oscillator
Crystal Cavity Resonator

LNA Pack (Low Noise Amplifier Pack)
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5.1

51.1

5.1.2

UG-3056 1.13

Maintenance Schedule

The recommended maintenance schedule is:
Interval Maintenance

Every time the radaris Check the Humidity Sensors (page 45)

Uzt Continuous Corrosion Control (page 45)
Every month Spray Connectors with WD40 (page 46)
Every month Clean the Antennas with Fresh Water (page 46)

Check the Humidity Sensors

Check the humidity sensors located on the back of the antenna (when available). If the
three fields are blue, the antenna is dry. However, if the field is red there is humidity in the
antenna. If all fields are red, the antenna must be dried out using silica gel or the silica gel
tabs must be replaced.

Continuous Corrosion Control

Tools and materials needed:

» Paint (included in corrosion repair kit, CRK-Cxxx)
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» Corrosion protection (included in corrosion repair kit, CRK-Cxxx)

» The specific CRK-Cxxx corrosion repair kit depends on color of
antenna. Contact Weibel for specifics.

Damage to Painted surface

If a painted surface is penetrated and the metal is visible, it is important to treat the
surface. If paint is available, paint the damage. If paint is not available use corrosion
protection until painting is possible. If the surface is corroded, make sure that all corrosion
is ground away before painting.

51.3 Spray Connectors with WD40

Spray electrical connectors with WD40 (locking mechanism mainly) or other lubrication
substance that is rated for use with electrical connectors.

514 Clean the Antennas with Fresh Water

When the radar is close to the sea, e.g. on a ship or on the pier use a garden hose with
clean water (without salt) and clean the antennas on a regular basis. If the antennas are
very dirty, use a little Auto shampoo.

Caution

» Make sure not to damage Teflon surface of the antenna elements on
the front of the antenna. Any scratches on this surface may result in a
degraded performance of the radar.

5.2 Calibration

It is recommended that the SL-xxxxyyy is sent for recalibration at least every second year
to ensure correct measurement of velocities.

As an option, the SL-xxxxxyyy radar systems can incorporate a unique self-calibrating
technology. With this option, the system does not need any calibration during its entire life
cycle, calibrating its transmitting frequencies with the speed of light as a reference.

5.3 Firmware Update

From time to time new features, enhanced capabilities and bug fixes become available via
updating the firmware of the SL-xxxxxyyy antenna. Consult the following description to
upload new firmware to the antenna.

1. Download or retrieve new firmware from Weibel Scientific A/S
(A request regarding new firmware can be sent to support@weibel.dk)

2. Connect the antenna to its power supply and IC-700 as described in the
installation chapter.

3.  Power up the system and ensure a connection.
Note down the antenna IP address

4.  Using the Telnet Connection or WinDopp Advanced parameters enable the
FTP server option found under:

Diagnostics - Internal — Network — FTP Server
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5.  Enter the folder in which the new firmware was placed, open the install
folder and double click the install.exe or (depending on firmware version) the
FTPupload.exe file

6. Follow the installation program to the completion

TR Weibel Software I

'WEIBEL]

DOPPLER RADARS

Enbar the 1P addiess of the device

E3EEE: |

Dk

7.  Once completed close the installation program and open the UserTerm
program supplied by Weibel.

8. Inthe UserTerm go into the following sub-category and activate the
following command:

— Diagnostics — Internal — Install Software
9.  Once the installation is complete, reboot the antenna.

10. The antenna firmware is now updated.

5.4 Troubleshooting

If you experience one of the symptoms indicated below then go through the list of actions
to find the cause of the problem and to resolve it. Note that this short guide only covers the
most commonly seen symptoms and causes.

If the problem cannot be located and/or the suggested solution does not work then contact
Weibel for help on next steps: support@weibel,dk

Please note that from our experience 90% of all errors turn out to be cable/connector or
power supply errors:

5.4.1 When Error is Present Always Check Cables

1. Verify that connector pins are not damaged.
Check that the cables are intact and properly connected.

2. Check that input voltage is within the required range (all power cables) — e.g.
using a voltmeter
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5.4.2

5.4.3

5.4.4

5.4.5
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Cannot Connect with Ethernet (Only Applicable for “E”
Variant Antennas)

Cannot connect to the system after boot-up:
1. Wait connecting the Ethernet cable until after boot-up is complete.
e |If error occurs, unplug the Ethernet cable and reboot the system.
e Wait until fully booted with connecting the cable.

e Connect to the system to verify connectivity.

Status LED Not flashing Green after Power-up
For more information about the indicator LED’s; see Indicator Diodes (page 37).
Status LED is off:
1. Check Antenna control cable, power supplies, fuses
o Verify all cables are connected; If not connect missing cables.
e Check that the power supply is on; if not power up the system.

e Check fuse for the power supply; if fuse is blown contact Weibel for
replacement or part type and number.

Status LED is constantly red or green (not flashing):
1.  Check the System communication configuration
e Verify that the correct communication configuration is being used.

o Verify that the Port configuration and Baud Rate is correct for both IC
and Antenna.

Transmit LED not Green during Measurement
Transmit LED does not turn green during measurement:
1. Is Antenna Power Mode set to On Trigger?

e If so, the antenna is not allowed to transmit before a trigger is
received

e Ensure that the Trigger Source is not set to Channel Trigger

e Reduce trigger level if using external trigger

Bad Velocity
Velocity NOT OK:
1. Check that the Doppler channel has signal

e Open DAT file, and use the ChStatus to verify that the signal is
present if not check the following:

0 Cable problem (possible break in Antenna Control cable).
o Errorin IF amplifier or output driver in antenna.
2. Signal present but velocity is wrong

o Verify software setup regarding maximum allowed target velocity.
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e Check that physical alignment is correct and is setup accordingly in
the software.

e Test to see if antenna oscillator frequency is correct

0 Using a ST-xxx or MC-100 verify that the expected velocity is
correct (Consult ST-xxx or MC-100 manual for details on this
procedure).

o If not contact Weibel Scientific regarding recalibration of
antenna.
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6 Technical data

6.1 Physical Dimensions

The physical height and width dimensions of the antennas are related to the antenna gain
and the depth and weight of the antenna is related to the type. The following tables states
the size of the different SL antennas that Weibel produce

6.1.1 Thin Frame Antennas
The following table only includes the antennas where either no option has been selected or
only the A option.
Gain Height Width Depth Weight
20 175 175 50 3
25 350 175 50 8
28 350 350 50 12
31 750 350 50 22
34 750 690 50 26
6.1.2 Thick Frame Antennas

The following table only includes the antennas where the selected options are P, B, C, E or
any combination of these.

Gain Height Width Depth Weight
20 175 175 65 4
20 E option 225 190 90 7
25 350 175 65 8
25 E option 410 190 90 10
28 390 355 125 19
31 800 355 125 35
33 900 425 90 25
34 720 820 125 55
36 925 1170 250 65
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Notes

» All dimensions are stated in mm.

> Weights are stated in kg.

6.2 DC Power

The SL-xxxxxyyy antennas are made in different internal variants, Depending on the
internal components the required power supply is either £15VDC, +15VDC or +48VDC.

6.2.1 DC Supply Voltages
Supply voltage from Value
Antenna Control 115 volt £10%
+15V Power Connector +15 volt +0/-10%
+48V Power Connector +48 volt +10%

6.2.2 Power Consumption

Antenna Type Supply Connector Nominal Power Consumption
SL-5XX Antenna Control 30

SL-20XX +15V Power Connector 45

SL-30XX +15V Power Connector 60

SL-70XX +15V Power Connector 120

SL-150XX +15V Power Connector 400

SL-300XX +15V Power Connector 550

SL-600XX +48V Power Connector 1100

Power consumption is stated in Watts.

6.3 Operating Conditions

All versions of the SL-xxxxxyyy antennas will operate under the following environmental

conditions.
Condition Value
Storage temperature -40°C - +65°C
Operating temperature -20°C - +55°C
Relative humidity 0-100%
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6.4 Safety Considerations

For information regarding radiation safety please consult Weibel Safety Distance document
TR-1032-Safety_Distance.
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7 Glossary of Terms

Acquisition time

The time it takes to measure one (or more) signal parameters used in the tracking process.

ADC

Analog to Digital Converter. Used for sampling the Doppler signal or in some cases the
trigger signal. The sampling rate should be high enough to accommodate the maximum
velocity of the target.

AGC

Automatic Gain Control. This mechanism automatically adjusts the gain in order to keep a
certain output level thus compensating for variations in temperature and input signal level.

Ambiguity

When a parameter value is not fully resolved by the measurement because two or more
actual parameter values lead to the same result. A typical situation in radar range or
velocity measurements.

Analyzer
A device that records Doppler data during the measurement, e.g. a W-2100 or RTP-2100.

Antenna

The radiofrequency transmitter or receiver. When looking at a Weibel radar from behind
the transmitter is to the right and the receiver is to the left.

AP

Atenna Pedestal. This the the Weibel term for the radar subsystem responsible for moving
the antenna according to the pointing commands received e.g. from the RTP-2100
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ATI

Azimuth Time Intensity. A graphical representation of the Doppler signal showing time on
the x-axis and azimuth angle on the y-axis. Each dot in the plot is a color coded signal
strength indicator for that specific time and azimuth angle.

Azimuth

The angle from the azimuth reference line to the line of sight projected onto the level plane.
Positive to the right.

Baud rate

The rate of data transfer on the physical link. The baud rate is equal to the bit rate when
transmission is binary (e.g. zeroes and ones).

BNC connector

A type of connector used with coaxial cables. The basic BNC connector is a male type
mounted at each end of a cable. This connector has a center pin connected to the center
cable conductor and a metal tube connected to the outer cable shield. A rotating ring
outside the tube locks the cable to any female connector.

Calibration

The use of an independent reference to adjust the instrument and thereby improve the
accuracy of the measurements made with the instrument.

CP-2100

Keypad and joystick in one unit that connects to the Instrumentation Controller running
WinTrack.

cw

Continuous Wave: a sine wave with constant amplitude and frequency.

DAT

The DAT file is where the raw Doppler data is saved. Antenna data is also saved in this
file, except during on-line save.

Datum

A set of parameters that define the reference ellipsoid used for Geographic Coordinates.

dB

Deci Bell. Ten times the base-10 logarithm of the ratio between two power levels. E.g. 2
Watts is 3 dB higher than 1 Watt.
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dBm

Power level measured in dB milli Watts. Ten times the base-10 logarithm of the power
level divided by one milli Watt. E.g. 10 Watts is equivalent to 40 dBm.

DC

Direct Current. Usually referring to a fixed offset value.

Doppler

The frequency offset caused by the radial velocity of the reflecting target. An outgoing
target has a negative Doppler offset while an incoming target has a positive Doppler offset
as seen from the radar.

Drag

The aerodynamic resistance of an object moving through the air.

DTI

Doppler Time Intensity. A graphical representation of the Doppler signal showing time on
the x-axis and frequency on the y-axis. Each dot in the plot is a color coded signal strength
indicator for that specific time and velocity.

Elevation

The angle between the level plane and the line of sight to the object.

Ellipsoid

A 3-dimensional surface generated by an ellipse rotating around one of its major axes.
Geographic Coordinates refer to a specific ellipsoid definition.

Encoder angle

The angle read from either the azimuth or the elevation encoder in the radar pedestal.

ETI

Elevation Time Intensity. A graphical representation of the Doppler signal showing time on
the x-axis and elevation angle on the y-axis. Each dot in the plot is a color coded signal
strength indicator for that specific time and elevation angle.

Extrapolating

Estimating the value of a parameter outside the data set defining the parameter. As
opposed to interpolating, where the parameter is estimated inside the data set.

False target

An artifact in the received signal that resembles a true reflection from an object.
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FFT

The Fast Fourier Transform, a very efficient method for resolving the frequency
components of a signal.

FMCW

Frequency Modulated Continuous Wave. This waveform is a linear frequency sweep either
repeated or with alternating periods of ramp-up and ramp-down. It is used for range
measurement as an alternative to MF.

Geographic North
The North Pole as defined by the Earths rotational axis.

GPS

Global Positioning System. The GPS receiver is capable of generating absolute time
information with high accuracy.

IC-700

The Instrumentation Controller type 700. This is the computer running WinDopp.

IC-2100

The Instrumentation Controller type 2100. This is the computer running WinTrack.

IF

Abbreviation for Intermediate Frequency. Often used when referring to downconvertion or
upconvertion from mixers.

IMU

Acronym for Inertial Measurement Unit, a device that can be attached to the radar system
in order to measure the changes in position and attitude of the platform on which the radar
is located. The WinTrack software allows compensating the radar measurements for these
changes and obtaining measurements referred to a fixed reference system.

Inclinometer

An instrument that measures angle relative to gravity.

Instrumentation Controller

An industrial grade PC running Windows controlling the radar instrumentation. The
application is e.g. WinTrack.
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IQ mixer

Actually two mixers where one of the mixers are offset by a 90° phase relative to the other.
This technique keeps Doppler frequencies above and below the radar frequency
separated.

IRIG-B

The Inter-Range Instrumentation Group (IRIG) time code signal.

This signal can be used to precisely synchronize the host computer clock to within a few
microseconds.

Launcher

The device launching the object being measured, e.g. a gun or missile launcher.

LNA

Low Noise Amplifier. Keeping the noise contribution at a minimum is critical when
amplifying weak signals, e.g. in the receiver.

LO

Abbreviation for Local Oscillator.

Lock mode

The state of the tracking algorithm. When "locked" the tracking loop is closed and
corrections are based on the measured signal. When "unlocked" the operator may
manually override the automatic tracking algorithm.

Master

The master data is pointing information produced by the radar and output through one of
the external interfaces.

MC-100

Mono-pulse Calibration target used as an artificial Doppler target generator. It’s effectively
a transponder with a fixed frequency offset of 32768 Hz.

MF

Multi Frequency: a technique that allows unambiguous range measurement using two
transmitted signals.

Mis-level

The deviation from level.
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Mono-pulse

The phase coherence of a signal hitting two or more receiver antennas. Used to determine
the direction to the observed object.

MOT

Multi Object Tracking: the algorithm that detects and tracks one or more objects in the
received signal.

Mount Model

The mount model is a description of the mechanical errors or imperfections in the radar
pedestal and its alignment. When the parameters of the model are known, these can be
used to correct the raw data captured during a measurement yielding a more accurate
result.

Muzzile
The tip of the gun barrel.

MVR

Muzzle Velocity Radar: a radar suitable for high accuracy measurement of the muzzle
velocity.

Origo

The center of a coordinate system.

Oscillator

A signal generator with a sine wave output.

PCB-302

Antenna sub controller card used in the transmitter and the receiver.

PCB-812

Interface card.

Perpendicular

At an angle of 90 degrees.

PowerPack

Integrated amplifier module providing the transmitter RF output to four antenna sub-
elements.
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PRM file

Parameter file.

PS-xxxx

Power Supply unit that supplies power and for certain configurations functions as a
communication link between IC and Radar system.

Q-factor

Quality factor. Used as a measure of the sensitivity of a radar. The Q-factor is proportional
to the loop gain of the radar.

Radar cross section

The amount of RF power reflected by a specific object when looking at it from a specific
aspect angle. The unit is area, e.g. m2.

Radar Instrumentation

A device used in the radar system, e.g. Tracking Controller, Antenna, Analyzer or Range
Processor.

Radial velocity

The velocity component in the direction from/to the observer. The radial velocity is
proportional to the Doppler frequency offset.

Radiation hazard

During transmission the radar transmits radio frequency power that may be dangerous to
the health.

Range Processor

A device controlling the antenna system. Often used with an optical tracking platform, e.g.
RP-2100.

RAP

Rocket Assisted Projectile.

Refraction

As light or radio waves passes from one transparent medium to another, it changes speed,
and bends. This happens to radar signals passing through the atmosphere as well.

RF

Radio Frequency. The signal as transmitted or received by the radar.
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RP-2100

Range Processor: a device controlling the antenna system often used with an optical
tracking platform.

RTD

Real Time Display. A stand-alone display unit showing the RTP Doppler spectra real-time.

RTDS

Real Time Data Storage. An application storing the raw measurement data on a separate
computer, usually a PC with a fast disk system. The RTDS has an optical link to a W-2100,
providing the Doppler data to be saved on the disk. It is controlled from WinTrack via a
TCP/IP connection.

RTI

Range Time Intensity. A graphical representation of the Doppler signal showing time on
the x-axis and range on the y-axis. Each dot in the plot is a color coded signal strength
indicator for that specific time and range.

RTP

Real Time Processor. The processing unit that captures the Doppler data and the encoder
data and sends pointing information to the antenna pedestal. Optionally the RTP sends
sampled Doppler data to the RTDS for storage and DTI results to the Real Time Display.

Rx

Acronym for Receive, usually referring to the receiver part of the radar.

S/N Ratio

Signal to noise ratio, se SNR.

Sampling rate

The analog to digital converter (ADC) sampling rate used to capture the Doppler signal.

Slant range

The distance from the observer to the object taking the height into account.

Slave

The slave data is used when the radar is in slave mode and refers to pointing information
received from an external source.

SL-xxXxxxyyy

Strip Line antenna radar system; where the xxxxx denotes power and gain configuration
and yyy specific options for the radar system.
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SL-B

A bi-directional RS-422 connection typically used with optical platforms. The protocol
handles encoder values and pointing commands between the Range Processor and the
platform servo system. The packets are synchronized to the IRIG-B clock.

Sliding fit
A polynomial based smoothing/interpolation of the observed data. Sliding means that a
new set of polynomial coefficients are calculated for every time step.

SNR

Signal to Noise Ratio. The ratio between the detected signal power and the noise power
density integrated over a fixed bandwidth usually one Hz.

SOT

Single Object Tracking: the algorithm that detects and tracks one object in the received
signal. Actually a special version of the MOT with the restriction that only one track is
allowed at the time.

Spherical

Like the surface of a ball. The spherical coordinate system is the 3-dimensional equivalent
to the polar (2-dimensional) coordinate system.
Spin

Rotation around the main body axis.

SSB mixer

Single Side Band mixer: an equivalent to the IQ Mixer, but with only one output, where
either the frequencies above or below the mixer frequency have been suppressed.

Systran

An optical interface board transmitting or receiving Doppler data.

TC

Tracking Controller: the system controlling the pointing of the radar.

Tilt

The same as mis-level.

TLE

Two Line Element set. A two line description of a satellite trajectory. TLE’s for all major
satellites are available from e.g. hitp://www.celestrak.com/.
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Tracking Controller

The system controlling the pointing of the radar.

Tracks

Fragments of one or more trajectories observed in the received data.

Trigger

En event that starts the measurement process.

TRJ file

Trajectory file.

TRK file

Track file. This file holds the results from a MOT processing.

Trunnion

A cylindrical projection on each side of a piece, whether gun, mortar, or howitzer, serving
to support it on the cheeks of the carriage.

Tx

Acronym for Transmit, usually referring to the transmitter part of the radar.

UART

Universal Asynchronous Receiver / Transmitter, an internal serial port device.

Unambiguous range

The maximum range where the distance to the object is determined without ambiguity.

UTC

Coordinated Universal Time (UTC) is the international time standard. It is the current term
for what was commonly referred to as Greenwich Meridian Time (GMT). Zero (0) hours
UTC is midnight in Greenwich England, which lies on the zero longitudinal meridian.

UTM

The Universal Transverse Mercator grid system.

VTI

Velocity Time Intensity. A graphical representation of the Doppler signal showing time on
the x-axis and object velocity on the y-axis. Each dot in the plot is a color coded signal
strength indicator for that specific time and velocity.
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W-1000

A device that records Doppler data during the measurement, also called an Analyzer.

W-2100

A device that records Doppler data during the measurement, also called an Analyzer.

W-700

A device that records Doppler data during the muzzle velocity measurement, also called an
Analyzer. Part of an MVR system.

WDP

Weibel Data Protocol. The protocol is used before and during the measurement for
communication between the RTP-2100, the IC-2100 running WinTrack and the AP-2100.

WinDopp

Weibel user software used for controlling the velocity radar system and processing and
evaluating measured data.

WinTrack

Weibel user software used for controlling the tracking radar system and processing and
evaluating measured data.

Work file

A file holding results from processing original Doppler data files and antenna pointing data.

WRK

Same as work file.
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1

Introduction

Introduction

1.1

PS-800 Overview

The PS-800 is a 15V power supply used for the MSL range of Doppler Radars. It supplies
voltage to a range of antennas for instance the MSL-30031.

1.2

Change History
Version Date By Comment
1.0 2013-07-11 MRN  First release.
1.0 2013-10-15 MRN New dimensions

1.3

UG-31751.0

PS-800 Background

The Power supply converts to the correct voltage for the radar and its equipment.
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2 Install the Power supply

2.1 Overview

Follow the instructions provided with the equipment to ensure safe and reliable operation.

2.2 Unpack the System

When you receive the tracking system please inspect the shipping boxes for any damage.
Carefully open and remove the equipment and the accessories and keep the boxes for
future use.

If any of the boxes is damaged during transportation, check the equipment for any visible
signs of damage. If any damage is detected, please contact Weibel as soon as possible.

2.3 Mount the Power Supply

The PS-800 power supply is designed to be placed next to the radar on the ground. It
should be protected from direct water exposure.

Make sure that nothing is blocking the free airflow to and from the power supply to avoid
overheating.
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3 Connectors & Indicators

3.1 Connector Overview

In this section the external connectors and indicators of the PS-800 Power supply are
described.
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< Number > Description

=

—_

Antenna Power (page 6)
Warning Device (page 6)
External Power line in (page 6)
Fuse (page 7)

Power Switch (page 7)

Ant. Power LED (page 7)
PS-800 Power LED (page 7)

N o o0 A WN

The connector pin layouts are described in the tables in the follow parts.

3.1.1 Antenna Power
Type: CANNON14-22F
Pin number Description
+15V
B GND
Cc GND
D +15V
E Warning device control

3.1.2 Warning Device
Type: CANNON12-3F
Pin number Description
A Not connected
B +12V
Cc GND
3.1.3 External Power line in
Type: CANNON16-3M
Pin number Description
1 GND
2 Phase
3 Neutral
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3.1.4 Fuses
Use 10A or 5A for input voltages of 110VAC or 220VAC, respectively.

3.1.5 Power Switch
Main power input.

Power switch turns ON / OFF the entire power supply for the system.

3.1.6 LEDs
LED Description
Power Lights GREEN if Main power ON
Ant. Power LED Lights GREEN if Antenna power ON (Transmitting)
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4

Physical Dimensions

Physical Dimensions

4.1 Overview
This chapter covers the physical dimensions for the Power Supply
4.2 Size and Weight
Type Dimension (HxDxW) Weight
PS-800 190mm x 262mm x 358.4mm (Handles in) 9 kg
190mm x 262mm x 416mm (Handles out)
4.3 Power
Type Input voltage Output
PS-800 110VAC or 220VAC 15VDC Max 900W
Max. 1000W
4.4 Environmental Conditions
All versions of the Power Supply are designed for the following environmental conditions:
Condition Value
Storage temperature -40°C - +65°C
Operating temperature -20°C - +55°C
Relative humidity 0-100%
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5 Maintenance

5.1 Maintenance Schedule

Interval Maintenance

Every month Spray external electrical connectors.
51.1 Clean the Power Supply with Fresh Water

When the Power Supply is close to the sea, e.g. on a ship or on the pier use a garden
hose with clean water (Without salt) and clean the Power Supply on a regular basis
(remember to tighten the connector caps and have the power disconnected). If the Power
Supply is very dirty you can use a little Auto shampoo.

5.1.2 Spray Connectors with WD40

Spray all external electrical connectors with WD40.
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