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. . RE 2018
ReCOrdlng RF Slgnals pyien ity
WHAT DO WE USE TO RECORD THE RF ? 18 APRIL

« Where do we start ?

Important Questions

« Swept spectrum analyzer

What are we measuring or recording ?

- Real-time spectrum analyzer F. How much BW do we need to record ?

* Oscilloscope How long do we need to record ?

e

« Mixed domain oscilloscope

How much data will be produced ?

o Software defined radio

Do we need to playback a “real” signal ?




Basic Spectrum Analyzer Interface
COMMON CONTROLS FOR MOST SPECTRUM ANALYZERS

il

& Fle View Markers Setup Presets Tools Connect Window Help & %

Bl YFHOERNTSOE @B »Revoy - ORin -
v Trace 1 [v]Show +Peak Normal

_ dB/div: 0.0

~ 10.0dB

_RBW:

= 390 ktiz

CIyw:

Reference
Level

RBW

n |40.00 MHz Res BW | 300 kHz

| B
L} Stop Freqﬁ
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Trace Data Uit
THE SIMPLEST FORM OF SPECTRUM INFORMATION Y e APRIL.
« Classic spectrum information M lf"'--f"-,uf"‘af'

- Basic frequency vs amplitude info j""", mf ” N

» Data is arranged in “bins” ,'“'.,f \‘-‘"\,\_‘;" L

o X (Freq) & Y (Power) A |
« Amplitude info based on detector type k - / "‘ r'”"”

& trace mode \l if i W)

- Peak, Average(RMS) "

o Max/Min Hold, Average |




RF =015

Trace Detector Types
HOW DO WE MEASURE AMPLITUDE ? N

Detector Types;
» Auto

*Positive Peak

*Negative Peak
«Sample

*RMS

0 19 APRIL 2018 PDDd 5 6




. . . 2018
Resolution Bandwidth Filter =
SPEED VS MINIMUM DISCERNABLE SIGNAL N =

level level level

| A_.

freq freq freq

RBW

Wide Narrow
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Real Time Spectrum Data
IMPROVING THE PROBABILITY OF INTERCEPT oy

* Frequency vs amplitude vs occupancy

« Data is also arranged in “bins”
o X (Freq), Y(Power) & Z(Occupancy)
« Amplitude info based on detector type
& trace mode
o Peak, Average(RMS)
o Max/Min Hold, Average

* Big challenge with volume of
spectrum information

0 19 APRIL 2018 POOd 9




Real Time Spectrum Processing

-+
il
] 2 Display
1S
3 FIRFI Color
116/ [7]1 Grading
VEENENDAAL 7B
18 APRIL 91919 | | [ ] 9(9]9

 Volume of spectrum data based on
o Bandwidth of spectrum being sampled
o Speed of spectrum processing engine
> 10’s of thousand to millions of spectrums per second

0 19 APRIL 2018



: RE 2018
SpeCtrogram Or “Waterfall,, DISpIayS TECHNOLOSY DAYS
DISPLAYS FREQUENCY VS. AMPLITUDE VS. TIME Y e APRIL.
ectl
« Rasterized spectrum data with 3D L.
perspective
o X (Freq), Y(Time) & Z(Amplitude) \

« Same impact of RBW and RF detector

« Data can be collected for very long

time (days) /%/* :'\

o ' I
May Not Be Contiguous Data ! ——

> Spectrum and/or time %

—Amplitvoe —»

Frames

Q@ w0~PrIL2018 [“,[;]_Q[j_é/ 11
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Real Time Spectrogram BT

VEENENDAAL
COMPRESSING SPECTRUM DATA 18 APRIL
Spectrums/line: 1 +Peak
o Timejdv: ~
250 N 61812014 2353:34 757631 S-S e e ;
D 1D :i ﬁt : L | ; A

* Spectrum traces compressed
large numbers of spectrums over - ZEmwamET——
time (up to hours) so fi WA

2 R RO ﬂ,?”ﬂ:ﬁ!ﬁﬂl = 4

o Pos:

0.0 dw o S A }j_— :f = 2 4 :‘ == .

« DPX spectrogram (top image) e, T o]

shows long-term history of a J o

10.0 kHz 675 MlW! 4 ! " W'WWWW
DPX trace f ! |
] . 875 - 4 1\_‘51%4*-‘_ ) LA '. -
- No special SW required for 7 T
playback
Spiit v| i
Autoscale u-l;-,:"z.;lzuo GHz @ 5pan: 40.00 MHz

Q@ w0~PrIL2018 P,C]__de/ 12



RE 2018
IQ Data TECHNOCOGOY DAYS
VEENENDAAL
RECORDING THE OUTPUT OF A RF DIGITIZER o ArRiC

* In-phase & quadrature
iInformation

« Combination of HW/SW to
preserve amplitude & phase
Information

 Determine RF from FFT
processing

Amplitude

* |Q info contains all of the
Information for signal analysis

Time

* 1Q streams ?

0 19 APRIL 2018 ij__Qd . 13



RE 2018
I Q Data TECHNOCOOY DAYS
VEENENDAAL
MUCH MORE STORAGE SPACE REQUIRED & APRIC

More sample rate = more data Any RF Signal

More bits = more data

Longer time = more data
Sample Data

I data out

* How much dynamic range ? data in % w1 I it
» Streaming ? = T R
* Blocks ?
* RF Corrections ? 8 A

oS




2018
How Do We Store I1Q Data? Lot

ANATOMY OF AN IQ FILE T AR
- Need to preserve complete details S— —
° Header Info (Header) (Header)

o Time, Date, Sample Rate —

> Calibration factors v \ .

o Time information el Qe

(Data) vl v

* Body "

o | Value (Data)

o Q Value \
0 19 APRIL 2018 F‘ODC] 15
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Spectrum Analyzer Arcl

The screens may look sim



Captur

L = 2018
e BW vs Fidelity B ot

VEENENDAAL
18 APRIL
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. . RE 2018
RF With An Oscilloscope e
WIDE BAND CAPTURE 18 APRIL

Acquisition Micro- Display _
A/D Memory —| processor Memory Display

Very wide band capture available

Advanced probing available

Multi-channel capture available Limited sensitivity

Limited dynamic range Limited RF controls

* Limited memory Amplitude flatness

Limited FFT Phase linearity
Q ~00d




. . BRe2018
Mixed Domain Analyzer R s

VEeEENENDAAL

WIDE BAND RF CAPTURE 18 APRIL

Shared CLK

/ Linux OS \

Input RF Filters Mixer

l é/ | 5 4@ ADC Acq Control 1Q Process
= = X
RF Trigger .

B/
« Low Cost HW « Storage Options
« Wide BW (up to 3.75 GHz) « Trace data
* High DR (unlike scope) « Spectrogram
* Limited memory * Block IQ Data

» Vector calibrated (unlike scope)

Q@ w0~PrIL2018 [“__C]__Qd s 19
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Real Time Spectrum Analyzer Lt
BENCHTOP SIGNAL ANALYZER ST e

Output

_> “© Windows 05\

RF Filters

Input

o——

IF Filter

ADC

Tuner —

» Wide capture bandwidth « Storage Options

» Advanced triggering « Trace data

» High dynamic range e Spectrogram

e Stream & measure » Block IQ Data
« Digital 1Q

Q@ w0~PrIL2018 000 . 20
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Real Time USB Spectrum Analyzer Rr

VEeEENENDAAL
LOW COST RF RECORDING 18- APRIL
Windows OS
/ SignalVu-PC \
RF Filters
API
Input » IF Filter
2 e
@4 | g i % %%’ ADC USB 30 IQ Data I
L % DPX
= Audio
Tuner
A 5/
 Low Cost
« Portable » Storage Options
 Good Demod/RT BW (40MHz) « Trace data
« Software Defined Feature Set * Spectrogram
« GPS Time Stamps * Block IQ Data
» 14 bit samples (112 MHz) « Stream IQ

@ 10 e 200 rood.. =



Low Cost RF Recording Lt

USB Driver

—  » _
RSA300.sys ] < Audio

’ Demod

VEENENDAAL
SW SOLUTION 18 APRIL
4 ) 4 )
RSA300 User

—

14b ADC Samples | (BW < 40 MHz) %

In Data Frames o

112 Msps DPX Bitmaps 8

40 MHz BW and Spectrums %

[ “Live” (BW < 40 MHz) I =

(32ksps)

y Streaming
Data

(< 224MBIs)

/ (Not used by SVPC)




Example Recording Times

VEeEENENDAAL

REDUCED BANDWIDTH EXTENDS RECORDING TIME 18 APRIL

40 MHz 18.6 min. 37.2 min. 1.2 hr.

— =018 .

O OCY

20 MHz 37 min. 74 min. 2.5 hr.

10 MHz 1.2 hr. 2.5 hr. 4.9 hr.

5 MHz 2.5 hr. 4.9 hr. 9.9 hr.




There are two ways to record:
1) Block IQ and DPX (T1Q) data
2) Streaming ADC (R3F) data




Block IQ Data

* All recent acquisitions are kept in memory
* The user can chose to store some or all of the acquisitions to files

* Both IQ data and DPX data can be stored for later recall

RE 2018

TECHNOCOOY DAYS

VEeEENENDAAL
18 APRIL




RE 2018

Recording Block 1Q Data Tearow ooy DAV

VEENENDAAL
18 ARPRIL

* |Q Blocks and DPX data are stored by SignalVu-PC in memory (2 sec max
record length)

* Both types of data can be stored to disk
o Options > Save and Export

« Choose which records to include in saved data
o Current acquisition
o Current frame
o Selected frames (Define Replay > Select data records)
o All in history

0 19 APRIL 2018 ij__Qd . 32



Recording Block 1Q Data

CHOOSE “ACQUISITION SAVE OPTIONS” FROM FILE MENU

RF =018

TECHNOCOOSY DAYS.

VEeEENENDAAL
18 ARPRILL

’:H ignalVu-PC

|

F|Ie View Markers Setup Presets Tools Connect Window Help

Tektronix |

fiE) ©Repay v DRunw

EHeYSHDULNNS O F
]

¥ Trace1 [¥)Show +Peak Normal
_ dB/div: 00
“ 10.0dB
RBW:

Select data
o save “ 10k 00 -

\ O vaw:

Autoscale

Clear

(' !'M L\“ ‘N \4 'j Mp” MIWW i .1 f.!

f om warm-up pel

& StaN 80.00 MHz

& Stop 120.00 MHz

|| pPX Spectrum

v Tracel [¥JShow +Peak Normal

dB/div: =
gk 0.0
“ 10.0dB
RBW:
=3
100 kHz o
40.0 -
-60.0 -
-80.0 -
Spectrum (v

T
-100.0-

Autoscale

% CF: 100.00 MHz

B
[ex ]

% Span: 40.00 MHz

TIQ acquisition data files
Data records to save:

All in history v

Save TIQ file now

E3

Options e | Save and Export |[Security|[Prefs|
All files Acquisition data files
~ Automatically Data types to include:
[] increment 1Q records EI
e/t lQrecords )
DPX spectra
| Both Q)
Replay AcgData [ (1] [«][o] 2] ] [»] (@]

DPX Spectrum  Frequency 100.00 MHz Ref Lev 1 0.00 dBm

251 7/9/2016 17:36:37.50

Span |40.00 MHz Res BW | 100 kHz

(e (]
Markersl @

Stopped Warm-up period Real Time Free Run

Ref:Int  Atten:15dB = Preamp: Off  TG: Off

YA

rood...



Replaying Block 1Q Data

VIEW REPLAY STRIP, THEN SELECT DEFINE REPLAY BUTTON

=

RE=018

TECHNOCOOY DAYS.
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18 ARPRIL

\A Fie View Markers Setup Presets Tools Connect Window Help

Tektronix |

DEeYSRTENNVSDP

FE) ©®Repay v DRunv

1
L] [ |
1
¥ Trace1 [¥Show +Peak Normal @ — =
Select data JoB/dv: 00 ° S gg o)
< 10.0 dB ¥ 10.0 dB
to repla _RBW: —
p y ¥ 100 kHz 20.0 © 100 kHz 20.0
O vBw:
-40.0 40.0
-60.0 - -60.0 | .
l ’ « i
“ || lv | ] | d 5
.300- h\w |H \ M” IA MHH T.M il 80.0 }
‘ Spectrum v/ S
] = AL
Datafrom varm-up period ... More: -100.0- ' Datafromwarm up period
-100.0-
AutoscaleN & Start 80.00 MHz & Stop 120.00 MHz @] & CF: 100.00 MHz & Span: 40,00 MHz

Define Replay Select data records | Select DPX Spectra [ Acquisition Info [ Replay Speed |

mct acquisitions Select All

\V/10/2016 16:10:40.67
7/10/2016

AcqData [v

O w
il 16:10:40.67

7/10/2016

SLop: 16:16:07.00

2944 : 7/10/2016 16:16:07.00

[] sShow toolbar

%]

Replay Acq Data

N (] (] (e) 2] (2] (] (@]

DPX Spectrum  Frequency 100.00 MHz Ref Lev 0.00 dBm

2944 7/10/2016 16:16:07.00

(e [x]
Markers | | Traces @1 |

Span |40.00 MHz Res BW 100 kHz

Stopped Warm-up period Real Time Free Run

Ref:Int | Atten:15dB | Preamp: Off = TG: Off

© s |

rood...



Streaming ADC data; USB SAs Lot

VEeEENENDAAL
18 APRIL

« Data Is always recorded at 40 MHz bandwidth (224 MB/s)

« Raw ADC samples are recorded at the native sampling rate of the spectrum
analyzer

o 14-bit ADC samples
o 112 MHz sampling rate

« Recorded data is handed to SignalVu-PC for playback as if it were live data




RE 2018

Recording Streaming R3F Files T o o DAY

VEeEENENDAAL

INCLUDED IN BASE SIGNALVU-PC 18 APRIL

* Requires a fast storage device, > 300 MB/s sustained write speed

* Files are recorded in .R3F format
o Records16-bit ADC samples at the 112 MHz IF of the instrument.

> Not an IQ file

o Files include trigger stamps, basic settings information, time, and calibration information

 Records at ~13 GB/minute rate

| 1Q Sampling Parameters | Frequency Reference | Record | Playback | / Specify location and
Recordings can \ Record to disk: Location: / number of files to
start from a trigger A : record
' Record now - C:\SignalVu-PC Files
or manually \L ] E]
Start Base file name: Max saved files per run:
SAVED 10
| ped STICONS: Base file name auto-
V] Fie Length: 1 [msec_~| [Formatted v increments when

multiple recording
are made

Q@ w0~PrIL2018 [“,[;]_Q[j_é/ 36



Playback Controls

RF =018

TECHNOCOGOY DAYS.

- _ _ VEENENDAAL
:_;E Tek SignalVu-PC e ———— 18 APRIL
File Yiew Run Replay Markers Setup Presets Tools Connect Window  Help
) & T "“’ TA Preset | Replay - ) Run -~
) DPX Spectrum |~= @ Ul spectrum o || B ER
% Tracel  [¥|Show +Peak Normal % Tracel [V]Show +Peak Normal
= dB/div: -30.0 - = dB/dhv: -30.0 -
10.0 dB i i 1 " 10.0 dB e " "
] RBW: iy HI H |u|| [ 110 o & RBW: | I |1 rl. I |
300 ktiz /0.0 - I ViR ”L|i‘| ||““' r 1].. . 300 ktHz —l - .|1|| ||l‘|||‘|||lr||'||“|‘|||”||‘l|'|‘
-50.0 - WESERREREN 1 [C] VBW: 90.0 - I h [ b (LA
110.0 - b 1100 - 'l | i
-130.0 - : -
o CF: 92.30 MHz © Span: 40.0 Live-rate control 92.30 MHz © Span: 40.00 MHz
sets playback rate to -
_ _ User-adjusted
Acquire | IQ Sampling Parameters | Frequency Referen 11 VS reCOrd rate . .
Run: Location: Playback Beg|n/End pOInt
C:\SignalVu-PC Files\FM Demo-2014.04.21/11.33.31 [..|  progress: = -
kip: Units: Begin 5, /
0.000 ys Live rate End 0

Skip control for fast

|
Loop file Play Exit Playback

review of results

DPX Spectrum Frequency 92.20 MHz Ref Lev

-30.00 dBm Span 40.00 MHz Res BW 300 kHz [ Markers ][ Traces ] [@]

Stopped

Mot aligned

Ref: Int Connected:

rood...
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Playback controls Rir i

] ] VEENENDAAL
* File opening: From control panel for | 18 APRIL

File View Run Replay Markers Setup Presets Tools Connect Window Help
. Boc &S &TECRD PR W Replay -+ DRun  ~
.
Playback, or File: Recall menu T e S
v Tracel V|Show +Peak Normal @E v  Trace 1 v|Show +Peak Normal Lgaﬂ
o dB/dv: 300 - o dB/dw: 30.0 -
10.0 d8 o 10.0 d8 5o
o RBW: o RBW:
. . 70.0 - 70.0 -
300 kiz 300 kHz
* Play: Establishes connection to R3F T oo R,
. I nn Ion o e o ERC .
. . . 1300 - -130.0 -
file, applies all Playback settings — R W R
] -
Acquire | 1Q Samping Parameters | Frequency Reference | Record | Plyback
= - Run: Location: Playback
B e g I n e n ] O O p ] S I p Contnuous v | | C:\SignalVu-PC Fies\FM Demo-2014.04.21.11.33.31 [Z] Progress:  [—:
Skip: Units: Begin 5
..... us V! Live rate End s
H H H ] Loop fie Ply Ext Plyback
o Stop/Play is required for changes in setup of Con] =
DPX Spectrum Frequency 92.30MHz  Reflev -30.00 dBm Span 40.00 MHz Res BW 300 kHz [ Markers || Traces | (4]
Ref: Int d: W

playback to take effect

o Play disconnects any RSA306 present, and
connect to the selected file

« Exit Playback: Breaks connection
from file to SignalVu-PC. You exit
Playback in order to re-connect to an
Instrument.




Recording from the
RSA300/500/600 API

How to record directly from the API using de
data rates



E.’D'IE
IQcapture.exe Lot

THIS PROVIDES FUNCTIONALITY NOT IN SIGNALVU-PC Y e APRIL.

« Streaming 1Q has flathess corrections applied to time series data

« Output bandwidth and data rate are adjustable:

IQ BW IQ Sample Rate IQ Output Data rate

_ 32b fixed or float 16b fixed

56 M Sa/sec 448 MB/sec 224 MB/sec
28 M Sa/sec 224 MB/sec 112 MB/sec
14 M Sa/sec 112 MB/sec 56 MB/sec
7 M Sa/sec 56 MB/sec 28 MB/sec




RE 2018

Recording Time vs Bandwidth

REDUCED BANDWIDTH EXTENDS RECORDING TIME N A S

CHNOCOOY DA

IQ BW
| 2500Gs 500 GB
40 MHz 18.6 min. 37.2 min. 1.2 hr.

20 MHz 37 min. 74 min. 2.5 hr.
10 MHz 1.2 hr. 2.5 hr. 4.9 hr.
5 MHz 2.5 hr. 4.9 hr. 9.9 hr.




- RFE 2018
IQcapture.exe recording T
VEeEENENDAAL
THE FOLLOWING COMMAND CAPTURES TIQ DATA TO DISK FOR g e

10 SECONDS
* 40 MHz capture (224 MB/s):

* igcapture dev=0 rl=-20 cf=100e6 bw=40e6 msec=10000 dest=2 dtyp=3
fn=c:\data\lQdat fnsfx=-1

o 1l=-20 reference level = -20 dBm
o cf=100e6 center frequency = 100 MHz

o bw=40e6 bandwidth = 40 MHz

> msec=10000 record length = 10 sec

o dest=2 destination = File-TIQ

o dtyp=3 data type = int16

o fn=c:\data\lQdat filename = IQdat

o fnsfx=-1 filename suffix = date & time

Q@ w0~PrIL2018 P,[;]_Qd 45



Analyzing Large Files

Real time playback is time consuming....



Importing Files into SignalVu-PC

TYPES OF STREAMING DATA FILES THAT SIGNALVU-PC
CAN OPEN AND PLAY BACK

« ADC sample data (R3F)

« Acquisition data with setup (TIQ)

« Acquisition data with setup (MAT)
« Acquisition data with settings (IQT)
« Scope waveform 1Q (ISF)

RE 2018

TECHNOCOOY DAYS

VEeEENENDAAL
18 ARPRIL
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SignalVu-PC Playback TeeHNoL OBy OAS.
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SHOWN ARE WI-FI SPECTROGRAM, DPX DISPLAY 18 APRIL

=
& Fie View Markers Setup Presets Tools Connect Window Help Tektronix
] T N N A [ ] H
B YL DU NNS P @ oRepay v DRun~v
1] o
¥ Tracel [ Show +Peak Normal Clear Spectrums/iine: 1 +Peak [ clear ]
dB/div: 30,0 - Time/div:
& 10.0 d8 i & 1.11 ms 712172016 11:25:34.937804
RBW/: _RBW:
® 300 kHz © 100 kHz
Oso
-50.0 -
K|
i
o
g\
70.0 ke
0.0 -
\ y
110.0
Spectum [/
0 . Pos:
BENNN Datafrom warm-up period ... More>> ® 0.0dv at Ra T Yt pariod
‘ Autoscale & CF: 2.41200 GHz & Span: 40.00 MHz Autoscale & CF: 2.41200 GHz & Span: 40.00 MHz
Arduis [1Q Samping Parameters|[Frequency Reference [Record | Playback | [ X I
Run:
Continuous [ | Lotion: _ progress [ 0%
C:\SignalVu-PC Files\wifi-306b-5V568-1min-2016.0 [+ I ]
Range (%)
Skip: Units: = [ Live rate . s
0B us Mg Loop file Begin 0 End 100
Play J [ Extpeyback |
Spectrogram Frequency '2.41200 GHz Ref Lev -30.00 dBm Span ' 40.00 MHz Res BW 100 kHz Markers[ Traces| O
‘ Stopped Warm-up period Real Time | FreeRun Ref: Int rd

19 APRIL 2018
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Large File Analysis Lt

VEeEENENDAAL

SW REPLAY SOLUTION 18 APRIL

4 SW API ) 4 User )

— 1Q Blocks App
(BW < 40 MHz)

DPX Bitmaps
and Spectrums

I

. “Live” (BW <40 MHz)
[ URSS§3B)”V8r ] 4’< n Audio
.SyS ’
R Demod
S (32ksps)
/ Streaming

Data

(< 224MBIs)

‘Replay Disk Audio
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Large File Analysis B Lt

VEENENDAAL

MATLAB ANALYSIS OF EXTRACTED FILES 18 APRIL

— Zobrazeni - Nastaveni

* Flexible environment with rich set of =S =
tools for signal analysis N T 1 | e

[¥] Speitrogram
Deka segmentu [ms] Vzorkovaci kmitocet
100 8000

» Common data conduit for multiple T [—

=0 001 002 003 004 005 006 007 ona 0038 01 lio Ve spstnt A
nT [s] = e
Vendors Modulove spektrum
- T A
o ,,,,,,, S - T S S S A

« Supports multiple file structures

1S()! [d8] —»

« Caution: Varying levels of support for

arge files T
l
:z:%" AR
= g llll'lllu
O\JJ.,‘.‘ ..... N—— To— llwlhllzﬁﬂg"&ﬁl] T—
flHz] > [ s ]




Importing Files into DataVu

TYPES OF STREAMING DATA FILES THAT DATAVU CAN OPEN
AND PLAY BACK

* |Q data in simple format (SIQD)
* |Q data in XCOM format (XDAT)

RFE 2018
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VEENENDAAL
18 APRIL -
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Large File Analysis TeerNoL ooV DAYS.
VEeEENENDAAL
TIME OVERVIEW TO SEE THE WHOLE FILE AT ONCE 18 APRIL

 Fast way to find signals in
recordings

 Mark events Iin time

« Export portions of recording
for further analysis
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Large File Analysis
THRESHOLD SEARCH AND TIME OVERVIEW

 Detect signals with amplitude search

« Mark and extract time records

RE=2018

TECHNOCOSY DAYS.

VEeEENENDAAL
18 ARPRILL

Power Threshold: -40 dBi

Minimum Sample Dropout: 10
Minimum Pulse Sample Duration: 10

Moving Average Filter:
Toktronx ar7 I T T S [P e e O Moving Average Filter Points: 5
Cancel Start
\::
" {m
[+
@ 1o reri 0t rood.. s
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Playback RF Data =
ARBITRARY WAVEFORM SOURCES e R

Variable Arbitrary Digital to
Clock Waveform Analog Amplifier Attenuator

Output
@ [ He= [ A3
m 10100001 - ——— ‘_ --__ /\/

* |Q blocks can be loaded into ARB memory

 Very wide IF bandwidths can be replayed for long

« Easily generate analog IQ or RF signals
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