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1 Introduction

SpectraVue is a Windows based program that takes digitized signa data from a variety of
sources and displays the frequency domain spectrum on the PC screen . It also can be used to
demodulate various signals and output them to a soundcard or wave file. The input data can
come from a soundcard(licensed version required), a RIFF .wav file, or from a specia RF
input capturing device, an SDR-14. (www.rfspace.com)

RFSpace
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1.1 Functionality
Basic program functionality includes the following features:

FFT analysis using 2048 to 262144 point FFT's (real or complex).
FFT amplitude resolutions from 10dB to .2dB per divison.

FFT amplitude power is in dB referenced to full scale (a single sine wave with an
amplitude of +/-32767 or 16 bits).

Various FFT dataview modesincluding waterfallsand 2D and 3D plots.
Display markers for accurate amplitude/frequency measurement.

A continuum display for measuring spectral power over the entire span and/or the
peak power within the span.

Frequency Spans from 5KHz to 30MHz in various step sizes. (Using SDR-14 unit)

Signal demodulation of AM, FM, WFM, USB, LSB, narrowv CW modes when using
the 50 to 150K Hz Frequency Span and SDR-14 unit.

Programmable demodulation filters.
Saving and playback of captured spectrum using RIFF .wav files.

IF mode so program displays true frequency even if input is from a different IF
frequency.

A variety of file saving options ranging from saving the raw data to saving
demodulated audio to saving various waterfall displays using graphicsfile format.
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1.2 Example Uses
Generd sgna frequency domain analysis of spectra.

Radio Astronomy applications where very weak wide bandwidth signals can be
viewed with up to 30MHz bandwidth and a 254 Hz bandwidth resolution.

Demodulating various signals and viewing signa activity over a 150KHz bandwidth
inrea time.

Storing and playing back sampled datafor later analysis or demodulation.

1.3 Getting Started

SpectraVue is a complicated program and it is suggested that the user familiarize ones sdlf
with the basic operation of the program by spending a few minutes reading through this help
file and by playing with the various features of the program. A little time spent in this way
will reduce the frustration factor of learning a new program and its controls.

1.3.1 System Requirements

In order to utilize dl the features of SpectraVue a 1GHz Pentium 2 or better with 64M of
memory is required. Much dower PCs can till be used if one is willing to accept dower
displays and give up the real time demodulation features.

Windows XP, Win2K, or Windows 98SE is required.

The graphics card is probably the single most important item for maximizing the full potential
of SpectraVue and the SDR-14. Thefaster the better.

In the FFT Setup menu thereis a"Slow CPU Mode" spin control that the user can adjust to
adapt dower graphics cards/CPUs for best results. The tradeoff is that the display will skip
updates to conserve CPU time.

For smple dow spectra andysis, a 200 MHz Pentium 1 will suffice.

1.3.2 Installation

The SpectraVue distribution is contained in a single Setup.exe file. Execute this file from the
CD or wherever it islocated. Theinstall program will run and step you through the process.
One can choose dternate folders for the program and whether to automaticaly create a
desktop icon and where to place the short cut in the Startup Menu.

Theingtaler will create three folders under the SpectraVue main folder.
The\USBdriver folder containsthe USB driver required by the SDR-14 hardware.

The \Palettes folder contains several .pd files that are optiona palette files used for the
waterfal colors.
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The \FilterComp folder contain optional .fcf filter compensation files used for flattening out
the SDR-14 filter shapes.

The two main filesfor the program are " SpectraVue.exe" and asingle dll file"|OModule.dll".

Severd .ini files are included with some program settings for afew common modes. Thefile
Specravue.ini fileis saved each time program exits and saves the users current settings.

The "spectravue.chm” fileis the online help file which can be executed directly or from within
the SpectraV ue program by clicking on Help.

1.3.3 Uninstall

The "unins000.exe" program can be used to uninstall SpectraV ue from your computer or you
can use the shortcut placed in the Windows Program/Start Menu. If any additiona files were
created during use such as..ini, .bmp, or .wav files, they will have to be manually deleted.
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1.4 Program Overview
A block diagram of the overal program functionsis shown below.
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The data input can come from the USB port and an SDR-14 unit, a soundcard, a RIFF .wav
file, or an interna test generator. A smple display of the raw datais available which is useful
to set audio levels on asoundcard or adjust DC offsets.

The data stream is then sent to the FFT engine where the basic FFT is calculated aswell as dl
the spectral peak and averaging functions.

A demodulation section may aso process the data with the demodulated audio sent to a
soundcard or wave file. There is more detailed information concerning the demodulator
section elsawherein thishepfile.
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2 Program Details

Basic program setup and operation can be accomplished in the following order:
Select the desired Input Source. (Soundcard, wavefile, or SDR14)

Setup the selected Input source. (Select bandwidth, gains, etc.)

Select Output Setup and chose the soundcard, wavefile or other output modes.
Select FFT Setup and select any display options desired.

On the main screen select the FFT parameters desired. (Size and averaging)

On the main screen pressthe START button to begin capturing.

Copyright 2003 6/30/2004



Sy SpectraVue - SDR-14
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Across the top of the screen are menu buttons that are used to setup the magjority of al the
program settings.

The main screen of SpectraVue contains the primary signal viewing area.  Tabs below this
area alow the user to select display variations. Two frequency controls are below the tabs for
setting the center frequency, demodulation frequency, and frequency span. Below these
controls are the controlsto start, stop or pause the capturing process.

On the lower |eft are controls for adjusting the severa FFT parameters. On the lower right are
the demodulation selection controls and also a general information box that show status and
other information.
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A dider control to the right of the main viewing screen is used to move the viewing window
up and down to place the displayed signd into view. The Auto Scale button will try and
center the display automatically.

2.1 Screen Views
The main program contains atabbed view screen where the user can click on adesired display
modetab. There are seven different view screensthat can be selected.

" I 1 R )
! BawData 20 FFT |30 FFT | W 'Waterall | H'Waterall | Continuum | Phase

2.1.1 Raw Data

This view is of the raw input data versustime. Its purposeisto give the user aquick look at
incoming data to verify its general amplitude. There are no user controls to this display. The
amplitude is automatically scaled to fit the screen and the time axis is not caibrated but is a
function of the sample rate and screen resolution.

2

If it isred datathen thereisonly onetrace. Complex datais displayed as two different traces
with different colors. The two numbersin the display area are the max and min values of the
incoming signal. Therange of inputsisa 16-bit value or 0 to +/- 32767.

The DC offset is displayed to the left of the screen. This may be of use for adjusting the
soundcard DC offset input parameters.

212 2DFFT
The 2D FFT display shows the spectrum amplitude versus frequency plot of the incoming
signd. The center frequency and frequency span are set by the two main controls just below
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the FFT display area. Amplitude in dB referenced to full scale is displayed on the left side of
the display and frequency dong the top. The dider control on the right can be used to shift the
amplitude display up or down.

FFT amplitude power is in dB referenced to full scale (a sngle sine wave with an
amplitude of +/-32767 or 16 bits). This can be cdibrated to dBm by entering a dB offset
inthe FFT Setup menu.
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An dternative 2D view is available by choosing the "Color 2D Graph" selection in the FFT
Setup Menu. Thisview adds color to the display in place of the interna scale markings. The
colors correspond to the Waterfal color palette.
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2.1.3 3DFFT
The 3D FFT display shows the spectrum amplitude versus frequency plot of the incoming
sgna and then provides arunning history in time of the FFT plot by shifting each past display
up and to theright. The center frequency and frequency span are set by the two main controls
just below the FFT display area. Amplitude in dB referenced to full scale is displayed on the
left sde of the display and frequency dong thetop. The dider control on the right can be used
to shift the amplitude display up or down. For better displays, play with the amplitude offset
bar on the right and a so the FFT smoothing value.

14.212 14.214 14.218 14.218 14.22 14.222

14289.786 KH
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2.1.4 V Waterfall

The vertical waterfal FFT display shows the spectrum amplitude as a color instead of as a
height on the display. Frequency isthe horizontal axis and timeisthe vertica axis. The center
frequency and frequency span are set by the two main controls just below the FFT display
area. Amplitude in dB referenced to full scale is displayed on the left side as a color scale.
The dider control on the right can be used to shift the amplitude display up or down in large
increments and the spin control on the lower |eft side of the display can be used to make small
shifts in the color amplitude map. An optiona timestamp feature can be invoked(from the
FFT Setup Menu) to mark the UTC time as the display scrolls down.
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4/11/2003 0:29:31 i

135 | %
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2.1.5 H Waterfall

The horizontal waterfall FFT display shows the spectrum amplitude as a color instead of asa
height on the display. Frequency isthe vertica axis and time is the horizontal axis. The center
frequency and frequency span are set by the two main controls just below the FFT display
area. Amplitudein dB referenced to full scale is displayed on the topside asacolor scale. The
dider control on the right can be used to shift the amplitude display up or down in large
increments. An optiona timestamp feature can be invoked(from the FFT Setup Menu) to
mark the UTC time as the display scrolls|eft.
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2.1.6 Continuum

The continuum display mode displays the average power over the entire frequency span
versus time. An optiona secondary trace can be displayed that aso shows the peak power
within the same span versus time. Thisisinvoked from the FFT setup menu by selecting the
Enable Peaks check box. Time stamping can aso be enabled(from the FFT Setup Menu) for
this scrolling display.

FFT amplitude power is in dB referenced to full scae (a single sine wave with an
amplitude of +/-32767 or 16 bits). This can be cdibrated to say dBm by entering a dB
offset in the FFT Setup menu.

-B5
-70

T T

135 mowData | 2D FFT | 3D FFT | v \Waterfall | HWaterfall  Continuum
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2.1.7 Phase

The Phase display mode displays the | and Q data points in an x-y axis plot. 512 points are
plotted at atime. The signa strength must be fairly strong to give interesting results and aso
as narrow a bandwidth so multiple signals don't confuse the display.

daterfall | HWatedall | Continuum  Phase

2.2 Controls
Various controls are available on the bottom of the main screen to set frequencies, FFT size,
and other common settings.

Demud
b MO = 630000 CenterFrequency s9+20 ||~ 5
1 FFT &ue ') {.-;-,\M
. GSODOOKﬁ  WEM
0 z‘ amoothing b=y
Span Freg —  USE
o Fersie 150.00 0 Kz [|SNES
5 dB/Div = — O O
/ v arale Stop(F10) | contF1) | E ¢ psp
Filter La=-5000Hz Hi= 5000Hz ‘Width= 10000Hz | O Setup..

2.2.1 Center Frequency Control

146.520 000 MHz

The center frequency control is used to specify the display center frequency. This value and
the frequency span value determine the FFT display's range and position within the FFT. If
the SDR-14 is used as an input source, this frequency is adso the NCO frequency that
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corresponds to the zero frequency of the complex FFT. The frequency units can be specified
inthe FFT setup menu.

The frequency control can be set in several ways.

Place the mouse cursor on the digit you wish to change or press one of the arrow keys. The
digit background will change color. Use the left or right arrows to change digit positions
within the contral.

146.520 JO0OMHz

Type the desired numeric digit using the keyboard. The selected digit will moveto the
right so that an entire frequency value can smply be entered from the keyboard.

Click the mouse on the top of the selected digit to increment thet digit value or on the
bottom of the digit to decrement it.

Use the up or down arrows to increment or decrement that digit value and zero all
following digits.

Use the Page Up or Page Down keys to increment or decrement just the selected digit
and not the entire frequency value. (digit value does not roll over to adjacent digits)

Click the left mouse button within the display area on the frequency you wish to
center.

A USB "Power Mate' knob from Griffin Technologies can be mapped to the
following keys: http://www.griffintechnology.com/

CTRL-F1 = digit decrement (Rotate Left)

CTRL-F2 = digit increment (Rotate-Right)

CTRL-F3 = movedigit position left (Click and Rotate L ft)

CTRL-F4 = move digit position right (Click and Rotate Right)

CTRL-F5 = Toggle frequency control between center and demod function.(Actualy a
"double-click" operation is required.(Click)

2.2.2

Demod/Center Frequency Button

Demod Frequency

14.050 000MHz

The Center frequency control has a dua function when running the program in the
demodulation mode. This button sets the function of the control to either the normal center
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frequency control or it can be used to set the demodulation center frequency which can be
anywhere within the display frequency span. This button isonly active if in the demodulation
mode.

When in Center Frequency mode, clicking on a position of the screen will make that position
the new center frequency.

When in the Demo mode, clicking on a position of the screen will make that position the new
demodulator frequency and keep the center frequency fixed.

2.2.3 Span Frequency

The span frequency sets the range of frequencies that will be displayed on the screen. The
display will always show frequencies from Center - Span/2 to Center + Span/2. The control
operates exactly as the center frequency control except the arrow keys do not automaticaly
invoke the contral like the main frequency contral.

Span Freg

0.100 000 MHz

2.2.4 FFT Ave
The FFT average control is used to specify an averaging function that is applied to the FFTs.
Thisisapoint by point running average up until the number of samples reaches the specified
average limit then it becomes alow pas filter with a time constant approximately equd to the
averaging value.

1 R

I 1 FFT Auwe

This function is useful in averaging out noise and allowing a signa to be more easily viewed
in anoisy background. The down sideisthat fast moving signaswill become blurred.

No averageh
2.2.5 Smoothing

1] ﬂ amoothing

The smoothing function averages FFT bins within the same sample data block. This function
isuseful for wide bandwidth sgnas and smoothes the overal shape of awide signdl.
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(Note: thisisvery CPU intensive so can dow down thingsif large values are used)

No smoothing W

2.2.6 FFT Size

|2El48 v| FFT Size

The FFT size pull down selection control is used to select the size of the FFT. Therangeis
from 2048 to 262144 points. The larger the FFT the better the frequency resolution but the
longer it will take to process since more data points are required between updates.

Smoothing =6

2.2.7 V Scale

I 5 dB/Diw 'lVScaIe

The Vertical scale control alows the selection of dB per divison for the FFT amplitude. The
rangeis from .2dB/Div to 10dB/Div. The display will only show 14 divisons a atime so the
dider control on the right side of the display can be used to change the viewable range of
amplitudes.

2.2.8 Auto Scale

Auto Scale

This button can be used to perform an automatic centering of the signal within the display
area. It performs an average of al the FFT points and adjusts the vertical position so that the
average is somewhere near the bottom of the screen. This function is automatically invoked
whenever the vertical resolution is changed. This control is particularly useful in finding the
display traceif it is off screen.
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2.2.9 Manual Vertical Slide
300

This contral is used to move the viewable vertical window of the display. The control can be
changed by dragging the control arrow or by clicking on either sde of the arow. The totd
range of the display is -140 to 140 dB referenced to full scale.

2.2.10 Start/Stop/Pause/Cont

Three buttons at the bottom of the screen control the starting, stopping, pausing, or resuming
of the data capture process. Function keys F10, F11, and F12 are mapped to these buttons as
well.

StopEl ] PauseElT | StadtiF12)
Stopped State:

Stop(F10 Fause(F11 =) e
Running State: AR il 12

stop(F10) | |Fause(E110]  Cont(F1E)
Paused State:

2.2.11 CIr Max FFT

...-1;'M| (’lm'llu.J ull'l r-.«'n.'u"l-"w"l Fh"'.-llr._..,ﬂ.w“-'wl' -
14241.379 KHz -82.54 dBrm
]ﬁ Clr FFT Max | Auto Scale
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Thisbutton is used to reset the max hold buffer when the maximum hold display is active.

2.2.12 MEM=FFT

14076.149 KHz 9.328 dBm
MEM = FFT | Auto MEM |

This button is used to store the current FFT display into the reference buffer when the delta
FFT modeisactive.

2.2.13 Auto Delta

This control auto scales the display to show the FFT delta buffer.

2.2.14 Auto MEM

14076.149 KHz 9.328 dBm
MEM = FFT | Auto MEM |

This control auto scales the display to show the FFT stored memory buffer.

2.2.15 NB
[ MBE

This control toggles the Noise Blanker on and off. The noise blanker threshold and a
duplicate on/off control are in the Demod Setup Menu.

2.3 Setup Menus
Various setup menus are accessible along the top of the program screen.

Eile  “iew InputZource SDR-14 Setup Outputsetup  FRT Setup  Help
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2.3.1 File Menu
Exit
Load Setup. ..
Save Setup File As. .

Save FRT ta Excel File...
sawve Screen Graphics File. .
Frint...

Frint Setup...

FrintFresiew

1 Spectravue.ini
2 Wveather ini
3 20ketersLISE. ini

2.3.1.1 Load/Save Setup

These menu items alow the user to save al the program setup information into an .ini file that
can be uniquely named and loaded into the program later to restore the particular settings
saved in thefile. Thisalowsthe user to create alibrary of various custom setups that can then
be quickly loaded without having to setup al the various options again. The most recently
used file list can be clicked on to recal the last severd ini files that have been used.

Note that the file Spectravue.ini is the primary file for saving your settings when exiting the
program and will be overwritten each time the program is exited. It is loaded automaticaly
when the program isfirst executed.

Note: Thisfunctionality isnot availablein the SpectraVue Evaluation version. A valid
Licensefile must be purchased to enable the user settings features.

2.3.1.2 Save FFT to Excel File

This menu item allows the current raw FFT data to be saved to a comma-separated file that
can be imported into a spreadsheet for further analysis or graphing. The file contains 2
columns. The first column is the frequency in Hz and the second is the amplitude in dB
relativeto full scale. Thisonly savesone FFT block of datathat wasthe last one captured.

2.3.1.3 Save Screen Graphics File

This menu item alows the current screen to be saved to a bitmap file. The format is an
uncompressed .BMPfile. Make sure the capturing process has been stopped before capturing.

2.3.1.4 Print/Print Setup/Print Preview

These menu items are used to invoke the Windows printer functions. The current screen can
be printed out. One must stop or pause the capturing process before printing or the screen
may not print as expected.
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2.3.2 View Menu
The view menu alows the user to hide the bottom status bar and/or force the program to
always be on top of the desktop.

Yiew  Inputzource

i v Status Bar
Alwrays O top

2.3.3 Input Source
This menu item allows the selection of adatainput source. Currently 4 sources can be used.

MputSource  SDR-14 S
soundCard
YWiawe File
* SOR-14
Internal Generstor

The Input setup menu depends upon the input source selected.

2.3.4 Soundcard Input Setup

SoundCard Input Setup |

soundCard IC—Media Wanve Device j
/0 Comp
Sample Rate | 48000 SPS — 100 alpha
B Limit | 48000 iz = U HEE
— — 10 ldc
Center Freg | 14060000 Hz -
s L Cdc
W Sterea (Complex =R, Q=L -
l: H ) sample Offset
IV Swapland Qlinvert spectrum) s I | R
CIK Cancel

The Soundcard can be sdlected with the pull down menu or one can use the default
Windows soundcard.
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The sample rate must be specified and can range from 5000 to 96000 SPS.

The bandwidth limit depends upon whether the Stereo (Complex) mode is chosen.
The maximum BW isthe sample rate if Complex or 1/2 the sample rate it mono (red)
data.

The Center frequency is an offset that is applied to the display. This is useful in
goplications where the soundcard is used to process base band I/Q inputs from
complex mixers. The Center frequency would be the mixer oscillator frequency.

The Swap 1/Q button can swap the left and right channels that will invert the spectrum.

The 1/Q Comp section is used to adjust for DC offsets in the 1/Q channels. By
watching the raw data display (center number is DC offset) one can minimize the DC
offset. Theaffect of aDC offset isalarge spur in the center of the 2D FFT display.

The apha and beta controls can be used to compensate for any phase errors between
the | and Q channels. The affect of a phase error is areduction in sdeband rgection.
(A carrier will appear mirrored on the opposite Sde of the FFT display)

The Sample Offset is a gross adjustment in case a soundcard is off by a complete
sample between the | and Q channds. (One USB soundcard chip has a bug so that |
and Q are one sampletime apart.)

2.3.5 Wave File In setup

Wave File Input Setup |

SelectFile... | S Capture 50 wan

File Froperies
| 12671328 Samples. SampleRate = 151515Hz, Camplex

| Center = 200000000 ADFreq = BEEEEEE? By = 100000 |F = 50000000 {Hz)

| Staring UTC = 05421 /2003 17:19:08

W Swap | and Q(invert spectrum; W Continuous Loop Flayback

0] Cancel

The Wave file input menu alows the user to specify the wave file path and also
whether to invert the spectrum or play the file back in a continuous loop.
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Depending on thefile, severa parameters are displayed aong with the name. The first
line shows the file size in samples, the file sample rate, and whether the datais rea or

complex.

The second line may show the captured data center frequency, the A/D frequency, and
display bandwidth if the SDR-14 was used to generate the wavefile.

The third line may show the capture dtarting time if the file was created with
SpectraVue. This is used to show the original UTC time when playing back wave
files. Note that if a capture was paused or the center frequency changed during
creetion, then the file datawill not be correct for the entirefile.

Wave files created with a program other than SpectraV ue will not contain some of the above

information.

2.3.6

SDR-14 Setup

SDR-14 Setup

A0 Sample FregiHz)

— Custom BBZ0 Filter File Fef (10000000 ——RF Input Saur
Bk e, | IEEEEE?EB bdeas 10000000  Direct Inputich
Calc & 0-30 MHz (ch 1
IUsing Default —IFr:\ADde setup :  th1EBFGai
Usesble Bw(Hz) [150000 F'thl'r?feﬁng'; P
¥ lcom 8600 Tracking Mode C-10dE -
Update Firmware. | 10700000 IF Center Freg(Hz) I~ Calibrated Scr
Filter Bandwidth BEZ0 Digital Downconwverter Settings
" Custom " 2b0KHz Clcobate | 5 CIC?Scale | 3 ~BG620IF Gain——
 BKHz " 500 KHz R & +24dB
10 KHz ¢ 1000 KHz CICS Rate | 26 CICE Scale | 20 C 8B +E
= 2R KHz 1500 KHz RCF Rate T FCFScale | 0  +12dB
~Demad Ok—— ~ 2000 KHz BCETAPS | 256 |
€ S0KHz 4000 KHz Total Decimation = 420 20 D|th.er
100 KHz Final Sarmple Rate = 158730 I NCO Phase Dither
& 150 KHz Metwork S0OF-14 Setup
IPaddress| 0 . 0 .0
[ 30 MHz (BRZ0 Off Real kMode) oK Cancel o —

This setup menu is used to set the main parameters of the SDR-14 hardware.
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The A/D Sample Frequency can be entered here. Nominally it is 66,666,667Hz but
this number can be changed to the actual oscillator frequency if more accurate
frequency measurements are desired.  Entering a reference frequency and a measured
frequency and pressing the "Cac" button will calibrate the sample frequency
automaticaly.

There are 13 fixed bandwidth setups that can be chosen dong with a custom setting
where the user can supply their own AD6620 setup data. If the 30OMHz bandwidth is
selected, the AD6620 down converter is bypassed and the entire 33.3 MHz wide A/D
dataisdirectly processed by SpectraVue using area mode FFT.

Note that for demodulation, only the 50KHzto 150KHz bandwidths can be used. If the
bandwidth menu is grayed out, make sure that Demodulation is disabled on the main
screen menu.

The AD6620 settings area of the screen displays the current AD6620 decimation rates
and filter szes. The AD6620 IF gain can be selected from O to +24dB in 6dB steps.
Thisvaueisbest kept at +24dB unless very strong signas are being anayzed and the
SDR-14 isbeing overloaded.

The input source can be sdected as either direct to the A/D (chQ) or through a preamp
and a30MHz low passfilter (chl).

If chlis used, the preampl/attenuator RF gain can be selected. The "Calibrated screen”
check box forcesthe display to remain calibrated regardless of RF gain setting.

An IF mode alows one to specify the IF center frequency and whether the spectrum is
inverted. In this mode the SDR14 stays fixed on the IF center frequency entered here.
The Center Frequency display is used to enter the actua externa receive frequency. If
the ICOM 8500 tracking mode is selected and an optiona aux port to serid port
adapter is used between the SDR14 and the ICOM 8500, then the radio and
SpectraV ue center frequency will automaticaly track.

AD6620 dithering can be enabled or disabled. There is no noticeable affect of these
controls.

If the Network SDR14 connection mode is enabled, the edit boxes for the desired IP
and port addresses will be available. This feature is an option and requires a separate
USB to TCP/IP Server application running to be able to use.

The Frmware update button enables a menu to update the SDR-14's interna
firmware. One opens the update .hex file and presses Start to begin the firmware
update. The SDR-14 must be attached and powered up for this menu to be used.
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SDR-14 Firmware Update |

| wietlldsdrl 4 hex

Selected File Yersion 0.14 Current Boot Yearsion 1.02
Current Firtrware Wersion 0.14 ASCP Version 0.0z
RFSampler Seral Mumber | EGO0O0007
| Idle
| START
E:it

2.3.7 Internal Generator

Internal Signal Generator Source Setup |

_ 0K
Freg.kHz |5 —

= Cancel
Signal dB [10 =
NoisedB [70 =

This menu is used to set the internal test generator signal amplitude, frequency and noise
source levels. This is a smple red mode sine wave generator running at 48KHz with a
Gaussian noise generator that can be added to the signal.

2.3.8 Output Setup
This menu sdlects various output modes for the program.
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Data Output Selection |

WWane File Capture Setup
Delay Stad Time

& MNovave File Capture

FunTime Minutes
© RF Data to Wawe File |23 H |3IJ b UTC 1

" Demod to Wawve File [T Enahle Delayed Start

, . , - File Zample Fate
[T Chain Multiple Files withTimeStamp Names | 158774

™ Qualify \Write with Sguelch

select'Wawve File... | | C:ACapture weaw

i"m Output File Size Limitin Mega Bytes (1 to 2147)

FFET/Continuum File Saving

" Mo Qutput File Saving
" Save Continuum Data to Excel Format File
& Save Waterfall FFT Data as 1 byte/pixel BMP Farmat File

¥ Use Screen Resolution
" Sawe absolute FFT Data as 2 byte Binany Format File

Select Out File... | | Cihfitdata?.bmp

Soundcard Output Setup
v Outputto SoundCard Maon-Demod Playhack Gain(dB) ﬂ 0

soundCard | Santa Cruzitm) j

0] Cancel |

2.3.8.1 Wave File Capture Setup

The top section sets up awavefile as an output destination. There are two formats that can be
used. One is the 1/Q (or red) RF Data can be captured directly to a wave file and then later
used as an input source to this program. The other format is Demodulated real datathat can be
saved to awavefile. Thisisonly valid if demodulation isvaid.

The File sample rate is displayed to adlow one to estimate the required file sze. It takes 4
bytes per sampleif the datais complex, 2 bytes per sampleif red.

An edit box and spin control can be used to specify a maximum output file limit. The Rangeis
from 1to 2147 Megabytes. Thisisapplied to al output files regardiess of type.
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2.3.8.2 Wave File Chaining

This feature alows very long data captures by breaking the output wave files into multiple
files.

¥ ‘Chain Multiple Files with TimeStamp Names:

The checkbox for chaining multiple files enables a mode where SpectraVue will write to a
wave file until the maximum file size limit is reached and then close that file and start writing
to anew file. Thesefilenames are created from the name provided by the user with atime and
date label added to the end of each filename.

For example if the user chooses a filename of "test.wav" and the chaining feature is enabled,
the filename will be changed to "test YYMMDD_HHMMSSwav" where YY is the last 2
digits of the year, MM is the month, DD isthe day, HH isthe hour, MM isthe minute, and SS
isthe second. All timesand dates are 24 hour UTC time.

The file chaining will continue indefinitely so it is up to the user to make sure enough drive
gpace is available. It is a good idea to set the file size limit as big as you can dedl with to
prevent a large number of files being produced. Perhaps 640 Megs or so would be a good
number so it could easily be archived to aCD.

The SDR-14 can create very large files very quickly so it is a good idea to be aware of
how much space isavailable and how fast SpectraVue can createlargefiles.

2.3.8.3 Qualify Write With Squelch

™ Qualify Write with Squelch

If the demodulator is enabled, then the "Qualify Write with Squelch”" check box will only save
to the file when the squelch control isopen. Thisisuseful for capturing to disk only the active
timeof asgnd.

Note that the timestamp information in the file will not be accurate since the file is not
being written to continuoudly.

2.3.8.4 Delayed Start Function

SpectraVue captures can be automaticaly started at a user-defined time for unattended
operation. Thisismost useful for capturing data to wave files late a night or when thereisno
one around to dart it.

Delay start Time

Iﬁ H IF M LUTC F{unT;r;e binutes

[T Enahle Delayed Start
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Two parameters must be set. One is the gtart time in hours and minutes. This dlows
SpectraV ue to be started up to 24 hours from the current time.

The other parameter is the length of time in minutes that is desired to be captured. The
minimum time is 1 minute; the maximum time is 1440 minutes (24hours). Note that if not
using the file chaining mode, the capture will stop when thefile sizeisreached or the specified
run time, whichever occursfirst.

To enable the Automatic delayed start mode, the check box MUST be checked. This check
box will be cleared upon program exit or after a previousrun.

If enabled and waiting or running, the status will be shown in the "Info Box" on the main
screen.

Auto Scale |
Icle

-AutoStart Walting-
Fs=55555 Hz
BW Res= 14Hz

2.3.8.5 Save Continuum Data to Excel Format File

FFT/Continuum File Sawving

¢ MNo Output File Sawving

& Save Continuum Data to Excel Farmat File

 Save Waterall FFT Data as 1 byte/pixel BMP Format File
[~ iJse Screen Resolution

" Sawe absolute FFT Data as 2 byte Binary Format File

select Out File... | | C:ACantinuumm. cesw

This menu specifies a comma-separated file that will be written with timestamp information,
average continuum data and peak continuum data. The following is an example of the data
format:

12/02/2003 17:23:01, -108.132, -63.530954
12/02/2003 17:23:06, -108.457, -75.24949

12/02/2003 17:23:11, -108.143, -69.852774
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2.3.8.6 Save Waterfall Data as 1 byte/pixel BMP Format File

FFT/Continuum File Sawing
" Mo Output File Saving
" Sawe Continuum Data to Excel Format File
' Save Waterfall FFT Data as 1 byte/pixel BMF Format File

v Llze Screen Besolution
" Sawve absolute FFT Data as 2 byte Binary Format File

select OutFile.. Chfitdata? bmp

This menu specifies a 1 byte per pixel .BMP graphics file of the waterfal display to be
written. If the "Use Screen Resolution box is checked, the image width will be the same asthe
screen pixel width. This mode creates images that are the same size as the program screen for
easy viewing and reduced file size.

If not checked, the image width will be the number of the FFT points within the specified
frequency span. This mode can create very wide images depending on the FFT size and span
but provides much greater detail than can be obtained on a CRT screen.

The graphics files are limited in size by the Output Size limit. Many graphics programs are
limited to how large an image can be displayed aswell. Keeping the file size below 100MB is
probably a prudent step.

2.3.8.7 Save Absolute FFT Data as 2 byte binary format file

FFET/Continuum File Sawving
" Mo Qutput File Saving
" Sawe Continuurm Data to Excel Format File
" Sawve Waterfall FFT Data as 1 byte/pixel BMP Format File
[ Use Screen Fesolution

& Save absolute FFT Data as 2 byvte Binary Farmat File:

=elect Out File... CAFFTdata. 21t

This menu specifies a 2-byte binary format file that will be written with the raw FFT data.

The File format is a 1024 byte header (filled with spaces 0x20 for now) The fina format is
TBD but will contain key information such as FFT size, samplerates, offsets, etc.

Starting at file location 0x400(1024) the FFT data is placed as a 2 byte signed integer that
representsthe FFT datatimes 100. So for example a-135.23dB point would be saved asa 16-
bit integer -13523, Little Endean word. All FFT points are saved regardless of the span so the
next FFT line would begin at 0x400 + FFTSIZE/2 for red FFTs or 0x400 + FFTSIZE for
complex FFTs.
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2.3.8.8 Soundcard Output Setup

soundeard COutput Setup
¥ Cutputto SoundCard Mon-Demod Flayhack Gain(dE) ﬂ 0

soundCard | Santa Cruzitm) j

The Soundcard output menu alows enabling the soundcard for output. This is primarily for
listening to demodulated signals but can aso be used in playing back wave files or listening
directly to 1/Q dataif the soundcard supports the input sample rate.

The Soundcard selection menu alows selecting a particular soundcard for multiple soundcard
systems.

The "Keep IN/Out Rates Same" checkbox will force the soundcard output to run at the same
rate as the soundcard input rate. This may be useful for soundcards that do not alow the input
sample rate to be different than the output rate. This is only applicable to soundcard
demodulation at 48KHz or 96K Hz.

The non-demod playback gain control alowsthe audio to be scaed. Thisisactive only when
demodulation is not active, the sound output is selected, and the sample rate is less 100K Hz.
This is useful for amplifying a captured RF file to a level that can be heard or for
retransmission as 1/Q data.

2.3.9 FFT Setup
Thismenu isused to setup avariety of FFT and display options.
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FFT Setup x

FETWindaw Type Frequency Display OffsetiHz)
Assign Display Colors...
" Rectangle g [l | I 0 [T Megative Offset
" Hamming
& Hanning SelectWaterfall Colar Falette File.. | | Default.pal
—Display Units —— Use Camp. ™ =selectFFT Compensation File... | | Using Default
ki 30 O
bemony Modes ———— puons
* kKHz _w Y
& bemorny Display OFF _ _
" hHz ) 30 xy Pixel Shitt (1-100y | 4 5
" Max bemory Display
 GHz ' ;
Delta Memory Display 1/MN 3D Plot Scale(l to 1,-*1|2Ij|| 3N
| et Besl| Specturm Markers
' ¥ Right to Left Continuum
B SepeEnse Disfy; ™ Display Peak Markers .g .
¥ Color 2D Graph o Biiol® ek [~ Time Stamp Display
v Enable Cursor karkers
Slow CPU Mode FFT MaxdB| 45
Skips M updates Display Update Rate(0 to 60 Secsfupdatejl 0
j TN .................. i Cancel

2.3.9.1 FFT Window Type

The FFT window type can be sdected. The Hanning window is probably the best dl
around window to use.

2.3.9.2 Display Units

The display units that are used for the display and frequency controls can be specified.

2.3.9.3 Invert Real Spectrum

The Invert Real Spectrum box will invert the display frequencies (NOT the actua data)
Useful for viewing inverted real spectra

2.3.9.4 Squelched Display

This enables a mode where the display is only updated when the squelch is open when using
the demodulation modes. Not only is the display "frozen" when the squelch closes but any
FFT data file such as the .bmp capture or binary datafile is not written into when the squelch
is closed. Any wave file being written into is unaffected by this setting since they have an
independent control for qualifying with the squelch contral.
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2.3.9.5 Color 2D Graph

Selecting this feature changes the 2D FFT display mode so that the graticule is replaced by a
graduated color scheme where the 2D display changes color with amplitude using the same
pa ette as the waterfal display.

14217 14221 14225 14229 14233 14237 14241 14245 14249 142
55

-B5
75
-85
g5
-105
-115

-125

Raw Data 20 FFT | 3D FFET | % \Waterdall | H Waterdall | Continuurm | Phase 14289 786 KH

2.3.9.6 Slow CPU Mode

=low CFLU tade
okips M updates

i‘ 2 M

The Slow CPU mode forces the program to skip display updates in order to reduce
computational load on the processor. Asthe number of N grows larger, the more updates
that are skipped by the display. A vaue of zero runsthe display at full speed.

2.3.9.7 Assign Display Colors

A submenu alows for changing various display item colors.
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¢DFFT Colars

3D FFT Colors
BackGround _3 BackGround I 'I
Main T~ | hain [ m— ]
Feak | 'I
Peak [T~

‘=nd demaod filter shape)

Delta | Stock Colors

_ ENENEEEEN
Grid Color MASK g 1y [ e m|  BeckGround I -

Continuurn Colors

ECEE_EEN —
harker 1 OO0OEOOmO Average =j
Marker 2 DDDDD.DD Feal _3

kore Colors...

Frequency Contrals
TimeStamp Colar BackSGround _El

[T Transparent Text Digits m
8 ﬂTimeStamp Font Size Units m

Ik, Cancel |

2.3.9.8 Frequency Display Offset

The display frequency offset edit box alows the user to specify a frequency offset to dl
the displayed frequencies. Thisisuseful when externa down converters are used ahead of
the SDR-14 and the actual input frequency needs to be displayed by the program. The
number range is an unsigned 32-bit value (0 to 4GHz). Thereis acheck box to alow this
value to be subtracted as well. Keep in mind the center frequency control cannot be
negative so there are combinations of offsets that areinvalid.

2.3.9.9 Select Waterfall Color Palette File

A submenu alows one to pick a different waterfal paette file for use with the waterfal
digplays. *.pa files are used that are text files that contain a table with 256 rows
representing power (1st row highest power). Each row contains an R,G,B vaue each with
arange of 0-255.

Exampleformat for acouple of rows:

25255171

412320
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2.3.9.10 Select FFT Compensation File

A submenu alows one to pick a FFT compensation file. A specid file can be invoked to
flatten out the filter responses of some of the SDR-14 IFfilters. Thisis useful when doing
extremely weak signa analysis and removes the ripple from the filter pass band.

These files have an extension of .fcf and a name corresponding to the AD6620 filter
bandwidth that it will compensate.

For example the file "Filter1500.fcf" is used to compensate the 1500KHz BW AD6620
filter setting.

Before:

2.3.9.11 Memory Modes
Three radio buttons are used to select the memory modes.

The max hold mode adds a second trace on the displays that is the maximum vaue for
each point in the display over time. Pressing the "Clr Max FFT" button on the main
screen above the "infa’ box will reset the maximum values.
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The delta display mode alows the user to save the current displayed trace into memory
and then display a second trace which is the difference between the stored trace and the
current FFT trace.

Pressing the"MEM=FFT" button will save the current fft trace to memory.

Pressing the "AUTO ddta’ button toggles between the ddta display (difference between
current and stored) and the current and the stored memory traces. All three are displayed
on the screen with different colors to distinguish them. The stored memory trace uses the
Peak trace color.

2.3.9.12 Markers

Display Peak Markers - Thisbox enables apeak finding routine that shows the 4 highest
power peaks as x's on the display as well as numeric values in the INFO box. Thisisa
more accurate way of obtaining frequency and amplitude since the actual FFT vaue is
used and not the screen accuracy.

Enable Cursor Markers - This box enables the display of the cursor frequency and
amplitude just below the display .

It also enables a display marker system that worksin the following way:
Note---Demodulation must be turned off for this measurement mode.

1. Right click on the spectral display near where you want to attach amarker. A red
triangle should attach to the FFT display. The F3 to F8 keys can be used to postion it
exactly where you want. F3, 4,and 5 move it left while F6, 7,and8 moveit right at
different rates. The numeric value of the marker is shown in the INFO box.

Copyright 2003 6/30/2004 36



b

CRENI

583390805 KHz -45.73 dBm

SoundCard Blks =63
F==48000 Hz

Bw Res = 29Hz
7.0009766 KHz -42 66 dB

2. Left click on another part of the waveform and the first red marker freezes a the last
vaue of the spectrum and anew ydlow marker attachesto the new FFT posgition. It
can also be moved with the function keys. The numeric value of the delta between the
two markersis now shown in the INFO box.

Paused Blks = 167
Fs=48000Hz

Bw Res= 29H:z
-0.1640625 KHz -34.84 dB

3. Right clicking again gets back to step 1. Right click again and the markers are
turned off.
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2.3.9.13 3D Display Parameters

The 3D xy pixel shift edit boxes alow the user to specify how many screen pixels the 3D
display will move every capture. The screen moves left and up.

The 3D scale vaue dlows the user to scale the individual FFT amplitudes within the 3D
display.

2.3.9.14 Right to Left Continuum

The Right to Left Continuum allows changing the direction of the continuum scrolling.

2.3.9.15 Time Stamp Display

The Timestamp Display box enables time stamping of the waterfall and continuum
displays. Adjust the color, size, and transparency of the timestamp font to give best
viewing.

2.3.9.16 FFT Max dB

This edit box alows entering a value to calibrate the display read directly in dBm. Thisvalue
isadded to the FFT values. It typicdly isaround 4dB for the direct input mode.

2.3.9.17 Display Update Rate

The Display update rate edit box can be used to cause the display rate to be very dow to
allow long waterfall or continuum captures. The vaue is from 0 to 60 seconds between
updatesin 1-second steps.

2.4 Demodulator Setup
The demodulation features of SpectraV ue are only available when the AD6620 bandwidth is
50, 100, or 150KHz. For Soundcard input it must be around 48KHz.

2.4.1 Mode Selection
— Demod —
= Off
LY
= \WEM
T Fid
~ USB
T LSB
oW
= CwWr
T DSB

SetuE... |

This menu alows sdlection of various demodulation modes. Selecting Off will disable the
demodulator section and adlows sdlecting AD6620 Bandwidths wider than 150KHz and less
than 50K Hz.
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Each modulation mode has its own settings and is modified by pressing the "Setup” button
whilethe desired modeis selected.

2.4.2 Demod Setup

Demodulation Setup |

Filter Designer

Low Cutoff Frequency SWilidth High Cutoft Fraquency

i“ 1 Hz i” 22l Hz i” el Hz

W Show Filter Response:

— Demod (CW) Offset Fraquency ——Moise Blanker——
:I I [ On Threshaold ﬂ g
AGT
Decayﬂ 1000 Hang i’ 0
Ok, Cancel |

This menu exists for each demodulator mode. Depending on the mode, some items are not
selectable.

2.4.2.1 Filter Designer

Filter Designer
Lowy Cutoff Frequency YWiliclth High Cutoft Frequency

i” 1 Hz ﬂl 2200 Hz i” 2200 Hz

W Shaow Filter Response!

This menu alows the user to customize the demodulator filter width and positions. For single
sideband modes (USB, LSB) the low and high cut positions can be adjusted independently.
The other modes are symmetrica around the center frequency and so only the width may be
adjusted. Thefilter dphas are determined by the program and are not user definable.

If the "Show Filter response” box is checked, then the actual filter shape is displayed on the
2D FFT display. TheHi and Low cutoffs are the-6dB points of thefilters.
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If the high cut off is greater than 3600Hz, then a higher sample rate isused in the filters. This
causes a jump in the shape of filters about this transition point. The higher cutoff filters are
not as sharp asthe narrower ones.

2.4.2.2 Demod (CW) Offset Frequency

Demod (Cyy) Cffset Frequency

Ao w

This edit box provides away to offset the filter and display frequency for receiving CW tones.
This is essentiadly the tone frequency that will be heard in the CW mode when the display
frequency is exactly the same astheincoming signd.

This offset can also be used in the USB mode to shift the demodulated signal up in frequency
before sending it out. This can be used to output a 12KHz IF signa to the sound card for
further decoding by aDRM (Digital Radio Mondiae) decoder. If this offset value is >0 then
the demodulator frequency display changes to a center vaue so the incoming signd is
centered as opposed to being at the left Sde asisnormal for USB signals.

For DRM reception, set the offset to 7KHz and the low cut to OHz and the high cut to 10KHz.
This will center the DRM signal around the 12KHz frequency going out the soundcard or
wavefile.

2.4.2.3 Noise Blanker

Moise Blanker

[ On Threshold i‘ 2]
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This controls a smple noise blanker algorithm. Checking the On box enables it. Adjust the
threshold for best results. Too high athreshold will severdly distort the spectrum and signals
S0 use just enough to clip the noise.

2.4.2.4 AGC

AGE

Decayil 1000 Hang ﬂ 0

This sets the AGC congtants. The decay time isin Milliseconds and is the exponential decay
timefor the AGC. The Attack timeisfixed at 10 Milliseconds.

Hang timeisin Milliseconds and isa delay time after the signal has gone before the delay time
isactivated.

2.4.3 Signal/Squelch Bar

The vertical bar display to the right of the frequency controlsis signal strength meter and
squelch control.

The height of the bar isthe signal strength. If demodulation is off, then the level and
height are the peak amplitude within the entire current display span.

If demodulation is active, then the level isthe signal strength within the demodulator pass
band. The exceptionisif in NBFM then the level isthe FM noise quieting level for use
with the squelch.

Clicking on the blue bar within the control or dragging it to the desired level setsthe
squel ch threshold.

If the signal is below the threshold, it turns grey.
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The button above the Squelch control isthe peak signal strength within the demodul ator
filter bandwidth. Pressing the button toggles between dB display and an S meter reading.

Lo
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Therangeis SO to S9 and S9 +10 to S9 +60dB
The small tics are the S units, the longer ones the "over S9" units.

When in the FM mode, the squelch level is not the signal power but is the output of the
FM noise activated squelch so just has arange of 0 to 14.

2.5 Miscellaneous Displays
The program has some other displays scattered around the main screen.

2.5.1 Info Box
14.055861 MHz -E9.16 B

Cle FFT bax | Auto Scale

[dle

Fs=151513 Hz

Bw Res = 74H:z
-0.0098394673 kHz -4.707 dB
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This text box displays the program status as well as some information on current sample
rates and FFT resolutions.

Thefirst line shows the current status of the program.

The "Fs= xxxxx Hz" isthe FFT data sample rate.

The"BW Res' isthe bandwidth resolution of the currently selected FFT size and sample
rate.

If position markers are active, then the marker information is shown in this box.

2.5.2 Cursor Frequency Display

|
'J lﬂ’ 1 J|| |M| At '||

= - Auto Scale |

Just above the info box is the current mouse cursor location if it is enabled and is over a 2D
display.

2.5.3 File Progress Bar

| 12 HR/E TV Seale stopF10) | PauseF1ny| cevriz | f, | cow ]

The horizontal bar display at the bottom of the screen is active while playing or recording
toafile. Itindicatesthe file progress.

If playing back afile, one can click on the progress bar with the mouse and move to that
file playback position. Click onit don’t try to drag it across.
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3 Technical Details

This Section describes some of the technical detailsimplemented in SpectraV ue.

3.1 Demodulator Section

The SpectraV ue Demodulator section provides a means to demodulate various signalsin real
time and output the audio to a wave file or Soundcard. The demodulator is not meant as a
high performance receiver but provides a useful addition for actudly hearing various signals

inreal time.
Demodulator Section Main Blocks
Cutoff Frequencies )
Frequency I AM
Demod
l * Q —»
Filter
Designer
Software I —
NCO Decimation Rate * DIIE:'ID'III'ID[I
l Filter Parameters Q —l
1 to 20 > LP+’BP / 1 WFM
X > Decimation Filter Demod
Q —»
Q 1lto20 LP/BP —
Decimation | ™ Filter \ I SSB/CW
Dernod
Q —»
48KHz to 158.73KHz 8KHz OR ~48KHz
Input sample rate range sample rates
I —»
DSE
Demod
Q —»

I/Q data from the input source is sent to the demodulator block. It is firgt "tuned” to the
desired signa using a complex mixer and software NCO. This allows one to tune in signals
anywhere within the input bandwidth which could be up to 150KHz wide..
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Next the I/Q streams are decimated down as close to either 8KHz or 48K hz as possible using
integer decimation stages. The decision as to which decimation rate to use is determined by
the selected Filter bandwidth. If the bandwidth is greater than 3600Hz then the higher 48KH
rateis used.

Next thesignal is either low-pass filtered or band-pass filtered depending on the demodulation
mode. These filters are designed on the fly depending on the cutoff frequencies specified by
the user.

The output of the filters is then presented to the agppropriate demodulator block that takes the
1/Q signa and extracts the specified modulation as ared audio data stream.

Findly the real audio stream is re-sampled so that the output sample rate is exactly 8KHz or
48KHz. The soundcard runs at a fixed 48KHz while the wave file data can be either 8KHz or
48KHz.

3.1.1 NCO/Mixer/Decimation Stages
This stage shifts the desired signal frequency to zero for base band processing.

The decimation stages down sample the input from 1 to 20 to get as close to 8 or 48KHz as
possible before entering the main filter routines.

The Wideband FM demodulator is a specia case where the FM is demodulated before the
decimation stagesin order to use the full input bandwidth.

Below isa C code excerpt of the complex mixer/NCO and first decimation stage.
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for{ 1= 0; i<length, i+=2 3/ put new sarnples into Queue
{
offset.zz = cos(m Timeinc), /HCreate NCO walues
offset. ¥ = sin{m_Timeine),
m Timeine +=m SofMNCOIne,  Aopdate NCO
acc.x =t DCoffset+{ doubled pInfi]y;, Hget /O sample
acc.y =t DCoffset+( doubledpIn[i+17); Hadd DC offset
HComplex multiply input by MCO data
m_pCprCuem State] = =((offzet.x*acc 1) - (offset y*acc. vy,
m pCpxlue(m State] v = ((offset. x%*acc.y) + (offset. v acc. 1)),
fidecirmate by m Val filter
iff, { (++m SampCotyem Val ) = 0 )icale first decimation filter every m Wal samples
{
acc.x =100,
acc.y =0.0;
Firptr =m_pCpzQue,
Eptr=m pCoef+ m Firlen - m State;
for(j=0; j= m FitLen; j++)  fdo the MAC's
{
acc.x += 1 (Firptr-=20%*Kpt) 3,
ace.y += ( (Firptr++->3)*"Eptre+) 3,
)

pout[n++] = acc,

}
ifif -t State < 0 Mdeal with FIE. pointer wrapatound
tn_State = Fitlen-1;

3.1.2 Demodulation Filters

The demodulation FIR filter is calculated in red time from the user input cutoff frequencies.

Anidea LPFIR filter isfirst designed:

2

The coefficients are then windowed with a Kaiser Window to reduce the side lobes. The
maximum FIR sizeislimited to 250 taps.

The demodulator uses two filter types. The AM.FM, and DSB demodulators require a LP
filter on | and Q since these signds are symmetric around the zero frequency.

The SSB and CW filters use a BP filter on | and a matching BP filter on Q with a Hilbert 90
degree phase shifter. The BP filters are designed as LP filters that are then shifted to the
proper cutoff frequencies and the Q side filter coefficients are further processed to introduce a
90-degree phase shift.
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AN FM, DEB

0
Low Cutoff High Cutoff

LEB

0 Low Cutoff High Cutoff

3.1.3 AM Demodulator

AM Demodulator

—» 2

HF

sqrt() e AGC W ool

—ln--Q2

The AM demodulator takesthe | and Q data and convertsit into magnitude data.
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Mag = sort(I*1 + Q*Q)

The magnitude is fed to an AGC block to provide some gain control. Then asimple high pass

filter is used to remove the DC component of the magnitude leaving the audio.

The following 1s the digtal equivalent to a simple E.C high pass DC blocking filter

_ -1
L= e a1 and b—aq-——)
DRC
ANALOG HP

|
|§ R

DIGITAL HP
2
h
a Z!
b
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3.1.4 AGC Compressor

AGC (audio compressor)

— - Vaﬁ%la}r Line

Audio
[nput
—= Attack LP ITR
L abs()
Variabe
» Decay LF IR
Decay Timne — T
L 4
Hang Time —— ™
Hang Titmer

The demodulator AGC uses a smple audio compressor scheme with variable decay filters and
aso ahang timer.

The Variable Delay Line allows the AGC to "look ahead" in time and have the new gain value
ready before the leading edge of asignd is processed.

3.1.5 FM Demodulator
The FM demodulator follows the following block diagram.
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FM Detector

I —»

tan’(Q/T) Comection OO

LP ]
Filt

HP IIK

Filter

—=|  Sguelch [— ahs()

Noise Activated Squel

The actua implementation combines the arctan function and differentiation and correction
filter in one 6 tap filter as described in the book by Marvin Frerking, "Digital Signa
Processing in Communications Sytstems', page253-256.

A noise gated squelch isimplemented by high pass filtering the output of the detector, taking
its magnitude and then low pass filtering the magnitude. As an FM signal increases in
strength, the high frequency noise in the pass-band above the normal audio range decreases
rapidly giving a better means to gate a squelch circuit than just using the signal magnitude.

3.1.6 SSB/CW Demodulator
The SSB/CW demodulator follows the following block diagram.

SSB Detector
I —» cErrite AGC  —m
+
Q—p BP Fitter | —fm| 00" Phase AGC —
Shifter
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The SSB/CW demodulator uses two identical band pass filters which provide the fina
demodulator band width. The Q data is shifted by 90 degrees and then added or subtracted
from the | data to obtain the upper or lower sideband audio.

The BP filters are designed as Low pass filters and then converted to tow band pass filters
using the following method:

a. Design a lowpass FIR filter with a passband of 'z the desired BF passband and also
to whatever stopband goals.

b. Conver the LP coefficients to | and @ BP FIR coefficients using the following
eguations.

;zm(n)=z;zmr;n}ms(zfgf;[n—':N_”

17

(V-1

Bppp(#) = 2k p(nysml 2fy (7 3

17)

where: " _
Bra(m)=n" Lowpass FIR Coefficien t

Jo = Bandpass Center Fre quency

M = Number of Coefficien ts
T =Zample Peniod

3.1.7 DSB Demodulator
The DSB demodulator follows the following block diagram.

DSB Detector

I —» cerriter ——l 200 — DSB

The Double sideband detector just usesthe | data and band passfiltersit.

3.1.8 Re-sampler

The SDR-14 sends data to SpectraVue at various data rates depending on the bandwidth
chosen and actud clock rates. These rates are typicaly not an integer multiple of standard
soundcard rates so ameans to convert by afraction was needed.

Interpolation
—» LT [ memcatin)  of Al

Resampling ratio = L/M
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The basic ideaisto perform an integer interpolation up by alarge number, then decimate back
down to the desired rate using a second integer value. By using afew "tricks' one can reduce
the filtering overhead and provide good diasing performance without using up too much CPU
time.

Thefollowing is acode segment of the main resampler loop.
fort int i = 0; i < InLength; i++ )

while! phaze < (double)m InterpFatio )

{

mth=10,
int k = (intphase;
phaze +=m DecFatio,
it c =m Coeflength - 1,
double* pCoef =m pCoeflk];
double output = m_pHistory[h++] * pCoeflc--1;
for{ int 11 =12; i < tn CoefLength; ii++
output +=(m_pHistory[h++] * pCoeflc--]0;
output +=(plafi] * pCoef[0]);
pOut[j++] = output,

¥

phaze -=(doubleym InterpRatia;

A Update history array

forf it tn=0; tm < m CoefLength - 1; m++ )
tn_pHistory[m] = tm_pHistory{m+1];

A Last mput

m_pHistory[m] = pln[i],

3.1.9 Noise Blanker

The noise blanker function operates on the I/Q signa prior to any filtering by the demodulator.
It is avery smple minded algorithm which looks a small sections of the waveform at atime
and keeps a running average of the absolute magnitude over that section. If the main signal
ever goes above this average by a specified threshold vaue, then the main waveform is set to
zero until the signal drops below the threshold. This basically finds any pulse type signal and
zerosit out.
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Threshold

"Running Average"

I m—™ abs() [—|LPIIRFilier

Threshold

"Running Average"

Q — abs() || LP IIR Filier

O O— ()

3.2 FFT Implementation
The primary FFT agorithm used by SpectraVue is a modified verson written by Takuya
Ooura. (http://momonga.t.u-tokyo.ac.jp/~ooural)

It useshisradix 4 FFT package and has been modified to provide alot of post processing such
as averaging, conversion to decibel power, peak hold, etc.

The FFT can be looked a as N number of band-pass filters each looking at a different
frequency of the input frequency. The FFT is just an agorithm that efficiently implements
this large number of filter banks. Each frequency "bin" is evenly spaced across the sampling
frequency range. For red data inputs the range is only haf the sample rate. The bin band
width is the sampling frequency divided by the number of FFT points. SpectraVue
implements FFTsfrom 2048 points to 262144 points.

The amplitude of the FFT is converted to power in decibels by taking the Log of the FFT
output. It is scaed so that the minimum power level is -140dB and the maximum value is
0dB. This maximum vaue is assumed to be the largest 16 bit Sin wave input possible. Since
the output of the SDR-14 and soundcards is 16hits, the input signa can never be greater than
this.

A pureinput snwave ... Asn(wt)... will produce an fft output

peak of (N*A/Kx)"2 whereN isFFT_SIZE.
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Kx =2 for complex, 4 for red FFT
To convert to a Power dB range:
PdBmax = 10*logl0( (N*A/Kx)"2+K_C)+K_B
PdBmin=10*logl0(0+K C)+K B
if (N*A/Kx)"2>>K_C
Then K_B = PdBmax - 20*1og10( N* A/KX )

K_C =10 ( (PdBmin-K_B)/10)

4 Operation Hints

4.1 Calibration
The following ideas are presented to help one cdibrate the SDR-14 and SpectraVue for
applications where wither frequency or power accuracy is needed.

4.1.1 Sample Clock Frequency Calibration

The interna sample clock of the SDR-14 isacrystal oscillator running a a nominal frequency
of 66.666...Mhz. It isnot oven controlled or adjustable so some means is needed to correct
for it in SpectraVue.

The easiest way to cdlibrate is to input a known reference frequency into the SDR14 and
accurately measure it using SpectraVue. The difference in the measured and actua frequency
can then be used to change the value SpectraVue uses for the sample clock. WWV can be
used if adecent signal isavailable or agood lab source. A loca AM station carrier could also
be used to get reasonably close.

The following SpectraVue setup can be used to help caibrate the system. After it is up
working, one can save this calibration setup to the .ini setup file to make life easier next time
you want to calibrate.

1. Setup SDR-14 for a 50Khz BW, and set the A/D Sample Frequency to nominal of
66666667Hz if not dready there. It doesn’t have to be but for this exampleit iswhat it would
be thefirst calibration time.
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SDR-14 Setup

/,——-—k/-B-S-aFH-p.Le\Freq(H z)

— Custom BEZ0 Filter File

Eick Fle. |

-
w

Filtersl.imp

Useahle BWiHz) [50000

| e

responding Input Center Frequency

Filter Bandwidth

100 KHz
" 160 KHz

= Custom ~ 260 KHz
5 KHz 500 KHz
10 KHz 1000 KHz
25 KHz 1500 KHz
f,ﬂiﬂbﬂdﬁk— 2000 KHz
| ® 50KH 4000 KHz

[ 30 kHz (6620 Off Real Mode)

IEEEEEEE? )

[T Swap) and Qfinvert spectrum)

[ IFka

Lsing Frequency Display Offset inthe FET

Setup kdenu
CIC? Rata | B
CICE Rate | 30
RCFRate | 5
RCF TAPS | 256

Total Decimation =

Fef

keas

IF Center Freg(Hz)

1000anoon
1000anoon

Calu::l 4

—— RBF Input Sour

= Direct Inputich

& 0-30 MHz (ch 1
H-\-\-\"'-—-_

"

il

——Ch1REF Gai

& 0dB L

T -10dBE =
[ Calibrated Scr

EB20 Digital Downcaonwerter Settings

CIC? Scale

CICE Scale

RCF Scale

1200

Final Sample Fate = 55555

© +12dB

W MNCO Amp Dither
V¥ MCO Phase Dither

Ok,

Cancel

Update Firrmw

2. Set the FFT setup menu as shown with the "Display Peak Markers' button checked.
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FFT Setup x

FFET YWindow Type Frequency Display OffsetiHz)
Assign Display Colors...
" Rectangle d Hiay | u/_// [ Megative Offset
" Hamming
& Hanning select Waterfall Color Falette File... | | Default.pal
—Display Units——  Use Comp. [~ | Select FFT Compensation File... | Using Default
Ll Lo 3D Opti
el ions
= KHz e ; i
i & dMemory Display OFF 30 sy Pixel Shift (1-100) I 4 I B
ixel Shift (1-
i " Max Memory Display o
 GHz e [
DIl i L Uefles 1/ 30 Plot Scalef! to 1;1n;|| Y
T [mverEesl SEe i e
: ¥ Rightta Left Continuum
[ Sguelched DEF‘E W Display Peak Markers .g :
[~ Color 2D Graph - T [~ Time Stamp Display
v Enahle Cursor Markers
Slow CPU Made Phiea] S
=kips M updates Dizplay Llpdate Rate(0 ta B0 Secafupdatejl a
j L Ok, Cancel |

3. Setup the main screen as follows with an FFT size of 65536, an average of 5 or so, a center
frequency of 10MHz(for WWYV), demod OFF, and a span of 500Hz.. Press Start and adjust
the screen to alow easy viewing of the 10MHz peak. Note the little blue x on the peak and its
corresponding marker frequency of 10000.065Khz in the info box. This is the measured
frequency of WWV and shows that the program is off by 65Hz.

Remember the program can only measure frequency as accurately as the FFT BW resolution
S0 make sure you use a large enough FFT to get within 1 Hz or so. The example show a
.85HZBW soisok.
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9999.75 9993.8 9989.85 99999 999995 10000 10000 100001 10000.2 10000

-85

4. Stop the capturing and open the SDR-14 Setup menu. Notice the measured frequency has
been automatically placed in the box(if you had peak markers checked and it was marking the
correct reference peak) One can manually enter the Reference and Meas frequencies if not
using a10MHz reference.

SDR-14 Setup
Freq i) Ref 10000000
L SR ___——FRFl
Custom B620 Filter File QEEEEEEE? Meas 1EIEIDEIDEE| Q_B:’?ec

Ncminﬁl‘B’El—'O’F(E‘Lahbranon ~ Sweplend Qtvertsperim)  C3[ | & oan)

Filters0.imp [ IF Mode Measured Value i

5.Click on the "Calc" button and the new A/D Sample Frequency is caculated. The "Mess"
box will revert to the Ref frequency so one doesn’'t accidentally keep scaling the A/D sample
frequency.
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SDR-14 Setup

AFTER Cahbratlon A/0 Sample Freq(Hz) et 10000000
Custarm BE20 Filter File (

\.
‘ .‘__EEEEE?:‘___...J Meas [10000000

[ Swap | and Qiinvert spen:trurr( alc
Filter5.imp ™ IF Mode Press This tomrate

6. Go back to the main screen and start the captures again to verify that the new calibration has
taken affect. One may have to perform this afew timesto iterate the error to zero if the signal
isnoisy or the SDR-14 is till warming up.

Sy Spectra¥ue Registered to MoeTronix

Eile Aiew |nputSource  SDR-14 Setup Outputzetup FRT Setup Help
EIEIEIEI.?EI EIEIEIEI.EI EIEIEIEI.BEI EIEIEIEI.EII EIEIEIEI.EIEI 1|:I|:I|:I|:II 1|:I|:IEI|:II 1|:I|:II:I|:I.’II 1|:I|:II:IEI.2| 1000

R Demod
hwe NCO = 10000000 Center Frequency | s
5 FFT Auwe A e
: | 10,000.000KHz Cwe |[FDRA
0 :‘ Smoothing =y Fs=FEFERE H
= Span Freg e REs =10
[65536 <] FFTSi g 10000 KH
ize ' o S |
0.500 KHz -~ Lci? TOARA-002 K
: 10000.004 K
B dB/Div = T Ty

/ B Stop(F10) ‘ F"ause[FH]‘ - 99999 KH

Setup...
Ready 4 Dec 200
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4.1.2 Amplitude Calibration

The easiest way to cdibrate the SDR-14 and SpectraVue for power amplitude is to Smply
input asine wave signd of known power and adjust the "FFT Max dB" vaue in the FFT setup
menu. Thisnumber issimply added to al the screen values.

For example, set ones signd generator to say -20dBm and measure the amplitude shown on
the 2D FFT screen. Use the Peak Markers for best accuracy rather than the cursor marker
since the screen resolution is not very accurate. Enter avalueinto the "FFT Max dB" edit box
in the FFT setup menu that when added to the measured vaue will make it display -20dBm.
The vaue can be positive or negative.

| ' |
¥ Rightto Left Continuum

[ Time Starmp Bismls

arkers
W Display Peak Markers

pEﬂE‘. 2 LUrsor Markers

£

Display Update Rate(lto B0 Secs/update

_. .................. [:I K .................. .’ Can I:El |

In the direct input mode, a value of 4.5dB will be very close since this is the level in dBm
wherethe A/D beginsto clip. If theinterna preamp or an externa one is used, then one must
changethe value accordingly.

4.2 Application Examples
Asvarious applications are written up, they will be placed in this section.
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