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Agenda

Introduction to SDR concepts, architecture, applications
Overview of USRP B200, B210, B200mini
Overview of SDR toolchains
Overview of Radio Transport Protocols and Wireshark
Overview of I/Q Data Rates and Sampling Rates
Introduction to UHD
o  Building, installing, and configuring UHD on Linux
o  Various UHD Utility Programs
o  Using the UHD API from C++ and Python
o  Packet Flow Errors
Introduction to GNU Radio
o  Building, installing, and configuring GNU Radio on Linux
o  Various GNU Radio Utility Programs
o Using GRC, and creating and running flowgraphs
o  Examples with DTMF, filters, etc.
Record & Playback of Signals
o 1/Q data formats, Digital RF, SigMF
Introduction to GQRX
o  Building, installing, and configuring GQRX on Linux
o  Spectrum monitoring
o  Demo of gr-paint
Implementing an FM receiver and transmitter in GNU Radio and gr-rds
Technical Resources, Getting Help & Technical Support, Upcoming Events
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A radio in which some or all of the physical-layer functions are implemented in
software running on a microprocessor (CPU) and/or on an FPGA

- Physical-layer algorithms from DSP and communications theory run as
real-time software on a CPU and/or FPGA

- Software can run on an embedded DSP chip (e.g., Analog Devices
TigerSHARC, Texas Instruments C6400) or a general-purpose CPU (e.g.,
Intel x86, ARM Cortex-M)

- Joe Mitola first coined the term “SDR” in an IEEE paper 1991
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- Most radios use the classic superheterodyne receiver architecture

- The RF signal from the antenna is mixed with a local oscillator to produce an intermediate
frequency (IF) signal

- The IF signal is a fixed lower-frequency signal, which is then filtered and further mixed
(downconverted) to baseband

1/Q demod LPF

1st RF 2nd RF IF channel ot —<ADC
BPF BPF select kit

| 22 ~L veR . o
|~ ~ e 90° BB
A LPF
%—< ADC

1st LO

AGC

2nd LO

1. This block diagram shows a simplified superheterodyne receiver.
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- Most SDR uses a direct-conversion receiver (DCR) architecture
- Also called Zero-IF receiver, and homodyne receiver

- Eliminates the intermediate frequency (IF) by translating the band of interest directly to
baseband

- The frequency of the LO is set to the same frequency as the transmitted/desired RF signal

BB channel
1/Q demod select

1st RF 2nd RF ® s % ADC
T BPF BPF = A

—~— ~— 0°
= —— = 8 o0 - BB channel AGC

select
% VGA ADC
A
LO AGC

2. This block diagram represents a simplified version of a direct-conversion receiver.
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- Quadrature Sampling and I/Q Data
- “Iis the in-phase (not shifted) data component

- “Q”is the quadrature-phase (shifted by 90 degrees) data component

- Why do we use I/Q Data?

- To fully determine the frequency and phase of a signal, and to be able to distinguish between
positive and negative frequencies (needed for digitally processing the signal)

- Why 90 degrees?

- So that the two components are orthogonal, meaning that their correlation is zero, further
meaning that if the cosine signal is multiplied with the sine signal, and then the summation of
the result is taken, this sum will be zero (the integral of the product of the sine and the cosine

is zero).

- Achange in one component does not affect the other component
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- Nyquist-Shannon Sampling Theorem
- £ >2*f_

X

- You must sample at least at twice the bandwidth of the signal,
at least at twice the highest frequency component

- If the sampling rate is lower than twice the bandwidth of the signal, then there will be aliasing,
and information will be lost (the signal will likely be “damaged”)

- Due to the quadrature sampling used in the USRP devices, the sampling rate can be equal to
the signal bandwidth

- Often, wireless standards will prescribe or require specific sampling rates, above the minimum
sampling rate required
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- Fast Fourier Transform (FFT)

An FFT is an algorithm that computes the Discrete Fourier Transform (DFT) of a signal, or its
inverse (IDFT)

Fourier analysis converts a signal from the “time domain” to a representation in the frequency
domain, and vice-versa

When we plot the FFT of a signal on a graph, it shows the spectrum of a signal, which is a plot
of all the sine waves and cosine waves that constitute a signal, and this is called the spectrum
of the signal

The sine waves and cosine waves are the fundamental building blocks of the signal (i.e., all
signals can be constructed using sine waves and cosine waves), and the FFT plot is a
visualization of those constituent and specific sine waves and cosine waves, at specific
frequencies and at specific magnitudes
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- Decibel (dB)

dB is a relative unit of measurement that expresses the ratio of two values on a logarithmic scale
dB is a relative value of power, not an absolute value of power, so it is dimensionless
Ratioys =10 *109,( P casured / Preference )
When something doubles, it changes by +3 dB
When something halves, it changes by -3 dB
When something increases by a factor of ten, it changes by +10 dB
When something decreases by a factor of ten, it changes by -10 dB
When something increases by a factor of one hundred, it changes by +20 dB
0 dB is equal to the reference value (i.e., 0 dBm is equal to one m\W of power)
dBm is power with respect to 1 mW, so it is an absolute value of power, with units of m\W
Why do we use dB?
- Logarithmic scales are useful for measuring values that have a very large ranges of values
- Used to measure sound level, earthquake intensity (Richter Scale), etc.
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dB steps up to 31.5dB

RF Amplifier: 13.2 dB at

2.0 GHz
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@ Baseband Amplifier:
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- Traditional radios are hard-wired to specific frequency bands and
communication protocols

- Fixed-function, Black Box

- Can’t be easily modified, can’t easily access internal values and states

- SDR provides:
- Flexibility
- Upgradability
- Reconfigurability

- Lower Cost
12
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Voice-band Soft-modems / WinModems in 1990s and 2000s O O
Cellular handsets (baseband processors such as Qualcomm Snapdragon, MediaTek, etc.)

Cellular 4G/LTE and 5G/NR basestations (Eurecom OpenAirinterface (OAl), SRS srsRAN, Amarisoft)

Cellular protocol stack emulation (2G/GSM, 3G/WCDMA, 4G/LTE, 5G/NR)

GPS Receivers and Simulators

Adaptive Radio and Cognitive Radio

Satellite Communications (Ground Stations) - Radio Astronomy

Wireless Security Research - Drone Communications, Drone Detection, Drone Defense
Spectrum Monitoring - Direction Finding / Angle-of-Arrival

Waveform Prototyping - Phased Arrays, Beam-forming and Beam-steering, MIMO Systems

Wireless Systems Testing / Wireless Testbeds

Al and ML have a role in all of these applications spaces! .



Software Toolchains for SDR & USRP

Processing can be either real-time or off-line / post-processing

C++ and Python with the the USRP Hardware Driver (UHD) API (open-source)
GNU Radio (Python, NumPy, SciPy, Matplotlib, etc.) (open-source)
LabVIEW™ (National Instruments)

MATLAB™ and Simulink™ (The MathWorks)

Application-Specific:

Cellular: Eurecom OpenAirinterface (OAl), SRS srsRAN, Amarisoft
GPS: GNSS-SDR, GPS-SDR-Sim, Skydel Solutions SDX
Spectrum Monitoring: Fosphor, SDR++, GQRX

Amateur Radio: HDSDR, SDR#, SDR-Console
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USRP Background
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- About Ettus Research:

Founded in 2004 by Matt Ettus
Acquired by National Instruments in 2010
Offices in Santa Clara, California, USA; Austin, Texas, USA; Dresden, Germany

“USRP” is an acronym for Universal Software Radio Peripheral

- USRP Device Families:

B-series (B200, B210, B200mini): USB 3.0 host interface
N-series (N200, N210, N300/N310, N320/N321): 1 Gbps Ethernet host interface
X-series (X300, X310, X410): 1, 10, 100 Gbps Ethernet host interface

E-series (E310, E312, E313, E320): Embedded stand-alone SDR with ARM CPU

o Qo
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Xilinx Spartan 6 XC6SLX75 FPGA
Analog Devices AD9364 RFIC direct-conversion transceiver

Frequency range: 70 MHz to 6 GHz

Up to 56 MHz of instantaneous bandwidth
Maximum sampling rate of 61.44 Msps

1 Tx channel & 1 Rx channel

USB 3.0 connectivity

Optional GPSDO module

16
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Xilinx Spartan 6 XC6SLX150 FPGA

Analog Devices AD9361 RFIC direct-conversion transceiver
Frequency range: 70 MHz to 6 GHz

Up to 56 MHz of instantaneous bandwidth

Maximum sampling rate of 61.44 Msps

2 Tx channels & 2 Rx channels

USB 3.0 connectivity

Optional GPSDO module

17
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Xilinx Spartan-6 XC6SLX75 FPGA

Analog Devices AD9364 RFIC direct-conversion transceiver
Frequency range: 70 MHz to 6 GHz

Up to 56 MHz of instantaneous bandwidth

Maximum sampling rate of 61.44 Msps

1 Tx channel & 1 Rx channel

USB 3.0 connectivity

Powered from the USB 3.0 bus

Size of a business card or credit card

18
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- Integer decimation of the Master Clock Rate (MCR)
- Even decimation rate preferred
- Odd decimation rate allowed but with warning of CIC filter roll-off attenuation
- For B200, B210, B200mini:
- All based on AD9361
- MCR can be anything between 1 MHz and 61.44 MHz (30.76 MHz in 2x2)

- Decimation rates between 1 and 1024
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On the USRP B200, B210, B200mini, the 1/Q data samples can be:

- 16-bit I, 16-bit Q, for a total of 4 bytes per complex sample

- 12-bit I, 12-bit Q, for a total of 3 bytes per complex sample

- The ADC & DAC on the AD9361 are 12 bits anyway, so no loss of data or dynamic range

USB 2.0 is 480 Mbits/s (60 MB/s) theoretical, so ~35 MB/s practical throughput, or ~8 Msps
USB 3.0 is 5 Gbits/s (625 MB/s) theoretical, so ~350 MB/s practical throughput, or ~80 Msps
1 GbE is 1000 Mbits/sec (125 MB/sec) theoretical, so ~25 Msps, practical throughput
10 GbE is 10000 Mbits/sec (1250 MB/sec) theoretical, so ~250 Msps practical throughput
Consider the load of the I/Q data rate on the transport, the CPU, and the disk
Example: LTE signal, 20 MHz channel bandwidth

- 30.72 Msps sampling rate, per 3GPP specifications

- At 4 bytes per complex sample, the data rate is 122.88 Mbytes/s

20
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Provides a single, common interface (API) for all USRP devices
Host-side software driver running in user-space

Open-source and hosted on GitHub

Cross-platform (Windows, macOS, Linux)

Four components: host-side software; FPGA; MPM; firmware

https://github.com/EttusResearch

21
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Application

UHD Driver

Hardware
Motherboard (FPGA)
Daughterboard
Antenna

22
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UHD and GNU Radio use a modified semantic version numbering (major.API.ABI.patch)

MAJOR version as necessitated by product generation & architecture
API version, incremented when incompatible APl changes are made
ABI version, incremented when incompatible ABI changes are made

PATCH version, incremented when backwards-compatible bug fixes are made

The API number changes whenever there is any change to the API

The ABI pertains to how external applications communicate with (link to) the UHD library

The patch number is incremented when patches are made, typically for bug fixes

23
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Radio transport protocols are used to exchange 1/Q samples (or other items) between
host computer and USRP devices over Ethernet and USB

The USRP B200, B210, B200mini use the CHDR (compressed header) protocol, which is
based on VITA-49.2

It is pronounced like the cheese "cheddar"

I/Q data traffic can be used in Wireshark, and there is a dissector for CHDR packets

24
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The CHDR packet:

Address (Bytes) Length (Bytes) Payload

0 8 Compressed Header (CHDR)
8 8 Fractional Time (Optional!)
8/16 Data

56
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The 64 bits in the compressed header have the following meaning:

Bits Meaning

63:62

Packet Type

61

Has fractional time stamp (1: Yes)

60

End-of-burst or error flag

59:48

12-bit sequence number

47:32

Total packet length in Bytes

310

Stream ID (SID)

56
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Radio Transport Protocols
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The packet type is determined mainly by the first two bits, although the EOB or error flag

are also taken into consideration:

Bit 60 Packet Type
0 0 0 Data
0 0 1 Data (End-of-burst)
0 1 0 Flow Control
1 0 0 Command Packet
1 1 0 Command Response
1 1 1 Command Response (Error)

56
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Viewing I/Q Traffic (CHDR) in Wireshark
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ol WYEX @

<
)
@

@0 dEd walxc Q< >3 T4+ EE @
Filter: v | Expression... Clear Apply Save
No Time Source Destination Protocol Lengtt Info
51882 119.4163090€ host 3.3 usB 64 URB_INTERRUPT in
51883 119.4222400€2.3 host use 66 URB_INTERRUPT in
51884 119.4222500€ host 2.3 use 64 URB_INTERRUPT in
51885 119.4274540€ 2.0 host use 65 URB_CONTROL in
51886 119.4276560€ host 2.8 use 64 URB BULK in
51887 119.4377040€2.8 host use 64 URB_BULK in
51888 119.4377876€ host 2.8 use 64 URB BULK in
51889 119.4377970€ host use 64 URB BULK in
51890 119.4378060€ host use 64 URB BULK in
51891 119.4378020€ host usB 64 URB BULK in
51892 119.4378040€ host use 64 URB BULK in
51893 119.4378660€ host use 64 URB_BULK in
51894 119.4378080€ host use 64 URB_BULK in
51895 119.43781106€ host use 64 URB BULK in
51896 119.4378140€ host use 64 URB BULK in
51897 119.4378160€ host use 64 URB_BULK in
51898 119.4378180€ host usB 64 URB_BULK in
51899 119.4378216€ host usB 64 URB BULK in
51900 119.4378230€ host use 64 URB BULK in
51961 119.4378250€ host use 64 URB BULK in
51962 119.4378276€ host use 64 URB_BULK in
51963 119.43783600€ host USB 64 URB BULK in
51904 119.4403520€ host USB/CHDR 86 URB BULK out, CHDR
51905 119.4403810€ 2.4 64 URB_BULK out
51906 119.4403890€ 2.8 USB/CHDR 88 URB_BULK in, CHDR
51907 119.4404500€ host use 64 URB BULK in
51968 119.4408480€ host use 64 URB BULK in
51969 119.4509110€ 2.6 use 64 URB_BULK in
51910 119.4569810€ host use 64 URB BULK in
51911 119.4569910€ host use 64 URB BULK in
51912 119.4509940€ host use 64 URB BULK in
51913 119.4509980€ host usB 64 URB BULK in
51914 119.4510000€ host usB 64 URB BULK in
51915 119.4510020€ host use 64 URB BULK in
51916 119.4510040€ host use 64 URB_BULK in
51917 119.4510096€ host usB 64 URB_BULK in
51918 119.4510116€ host use 64 URB BULK in
51919 119.4510130€ host use 64 URB BULK in
51920 119.4510150€ host use 64 URB_BULK in
51921 119.4510176€ host usB 64 URB_BULK in
51922 119.4510190€ host use 64 URB_BULK in
51923 119.4510220€ host use 64 URB_BULK in
51924 119.4510240€ host use 64 URB BULK in
51925 119.4510270€ host use 64 URB_BULK in
51926 119.4512130€ host USB/CHDR 86 URB_BULK out, CHDR
51927 119.4512196€ host USB/CHDR 86 URB_BULK out, CHDR
51928 119 4512220¢ hnst LSB/CHDR 20 LRR BUIK out  CHOR

28
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rFrame 51904: 80 bytes on wire (646 bits), 86 bytes captured (640 bits) on interface 3
Interface id: 3
Encapsulation type: USB packets with Linux header and padding (115)
Arrival Time: Apr 12, 2017 16:13:52.247684000 PDT
[Time shift for this packet: ©.000000000 seconds]
Epoch Time: 1492038832.247684000 seconds
[Time delta from previous captured frame: 0.002522000 seconds]
[Time delta from previous displayed frame: ©.002522000 seconds]
[Time since reference or first frame: 119.440352000 seconds]
Frame Number: 51964
Frame Length: 80 bytes (640 bits)
Capture Length: 80 bytes (640 bits)
[Frame is marked: False]
[Frame is ignored: False]
[Protocols in frame: usb:chdr]
rUSB URB
URB id: exffff8807c¢8b330co
URB type: URB SUBMIT ('S‘')
URB transfer type: URB BULK (6x03)
»Endpoint: ©x04, Direction: OUT
Device: 2
URB bus id: 4
Device setup request: not relevant ('-')
Data: present (@)
URB sec: 1492038832
URB usec: 247684
URB status: Operation now in progress (-EINPROGRESS) (-115)
URB length [bytes]: 16
Data length [bytes]: 16
Response in: 51965
[bInterfaceClass: Vendor Specific (6xff)]
7 UHD CHDR
»1000 .... = Header bits: 0x08
. 0000 0000 0000 = Sequence ID: ©
Packet size: 16
wvStream ID: 0.0.0.64 (0.0.0.64)
Source device: @
Source endpoint: ©
Destination device: ©
Destination endpoint: 64
vResponse: 2000000000000000
Status code: 32
. 0000 0000 0080 = Response to sequence ID: ©
Payload: 2000000000000000

9000 O 30 b3 c8 07 88 ff ff 53 03 64 62 04 00 2d 00
9010 bo b4 ee 58 00 00 00 60 84 c7 03 00 8d ff ff ff
9020 16 00 66 00 10 60 00 60 060 0O 66 6O 00 60 0O 60
9030 00 00 00 00 60 00 60 60 0O 00 00 00 00 00 00 00
9040 16 00 60 80 40 60 00 6@ 20 00 00 00 00 60 00 00

29
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No. Time Source Destination Protocol Lengtt Info
32345 22.72932500€2.3 host usB 66 URB INTERRUPT in
32346 22.72932600€2.6 host USB/CHDR 8256 URB BULK in, CHDR
32347 22.72932706€ host 2.3 USB 64 URB INTERRUPT in
32348 22.72937600€ host 2.6 usB 64 URB BULK in
32349 22.73136500€2.6 host USB/CHDR 8256 URB BULK in, CHDR
32350 22.73142700€ host 2.6 usB 64 URB BULK in
32351 22.73340900€2.6 host USB/CHDR 8256 URB BULK in, CHDR
32352 22.73346900€ host 2.6 usB 64 URB BULK in
32353 22.73545200€ 2.6 host USB/CHDR 8256 URB BULK in, CHDR
32354 22.73548600€ host 2.6 usBe 64 URB BULK in
32355 22.73749700€2.6 host USB/CHDR 8256 URB BULK in, CHDR
32356 22.73752500€ host 2.6 usBe 64 URB BULK in
32357 22.73954000€2.6 host USB/CHDR 8256 URB BULK in, CHDR
32358 22.73957800€ host 2.6 usB 64 URB BULK in
32359 22.74158500€2.6 host USB/CHDR 8256 URB BULK in, CHDR
32360 22.74162400€ host 2.6 uss 64 URB BULK in
32361 22.743628600€ 2.6 host USB/CHDR 8256 URB BULK in, CHDR
32362 22.74365600€ host 2.6 usB 64 URB BULK in
32363 22.74567306€2.6 host USB/CHDR 8256 URB BULK in, CHDR
32364 22.74570100€ host 2.6 UsB 64 URB BULK in
32365 22.74771700€ 2.6 host USB/CHDR 8256 URB BULK in, CHDR
32366 22.74775600€ host 2.6 usB 64 URB BULK in
32367 22.74976160€ 2.6 host USB/CHDR 8256 URB BULK in, CHDR 30

32368 22.74980000€ host 2.6 usB 64 URB BULK in
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0040
0050
0060
0070
0080
0090
00a0
00bo
00cO

~n te

o #f

00
00
fe
i
00
01
fe
fc
01

o~

v UHD CHDR
»0010 ....

= Header bits:

315 20

00
ff
ff
00
00
i
ff
00

-~

ff
fe
fc
04
00
fe
08
fe

o~

ff
ff
ff
00
00
il
00
ff

Packet size: 8192
vStream ID: 0.0.0.160 (0.0.0.160)
Source device: ©
Source endpoint: ©
Destination device: ©
Destination endpoint: 160
Time: 124421747
Payload: oceeoffffe2eeeleefffffdffoeeeeleefefffeffolooffff...

a0
02
01
fe
ff
fa
02
fc
02

~m

00
00
00
tf
ff
ff
00
ff
00

o~

00
01
ff
04
fe
04
il
02
03

0x02

00
00
ff
00
ff
00
ff
00
00

~e

00
ff
T
01
fa
fc
f9
00
fb

Sequence ID (chdr.seq), 2 bytes

00
ff
ff
00
ff
ff
ff
00
ff

o~

. 0000 0001 0101 = Sequence ID: 21

00
fd
fe
01
03
05
f8
00
05

Packets:

00
ff
ff
00
00
00
ff
00
00

o~

73
00
fe
fb
03
fe
fc
fe
T7

cr

86
00
ff
ff
00
ff
ik
ff
ff

cr

54045 -

6a
01
01
01
04
00
05
03
01

~n

NN E——

=1 P ——
B8 Laianaan sesseEna
BB ciinaamat G sy
08 s el arene e e
B8  caseRann aEeaEEG
B8 ceassaen e e
OB s ep ey
OB Loaea s s amie e

o~

Displayed: 54045 (100.0%)
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w UHD CHDR
»0010 .... = Header bits: 0x02
. 0000 0001 0101 = Sequence ID: 21

Packet size: 8192
Source device: ©
Source endpoint: ©
Destination device: ©
Destination endpoint: 160

Time: 124421747

Payload: oeeeffffe2eeeleofffffdffooeceleefefffeffolooffff. ..

0040 00 20 15 20 ECNCENCENEE ©co o0 00 60 73 86 6a 07 . . N ....s.].
0050 00 00 ff ff 62 00 01 60 ff ff fd ff 0 60 01 GO0  ........ ........
0060 fe ff fe ff 01 @0 ff ff ff ff fe ff fe ff 01 00 ........ ........
0070 fc ff fc ff fe ff 84 60 ©1 00 01 00 fb ff 01 00 ........ ........
0080 00 00 04 00 ff ff fe ff fa ff 63 60 03 00 04 00  ........ ........
0090 01 00 00 00 fa ff 04 00 fc ff 05 60 fe ff 00 00 ........ ........
e0a0 fe ff fe ff 02 @0 ff ff f9 ff f8 ff fc ff 0500 ........ ........
eebe fc ff 08 00 fc ff 62 60 ©0 00 00 00 fe ff 03 00 ........ ........
00co 01 00 fe ff 62 00 03 60 fb ff 05 0 f7 ff 01 00 ........ ........

R I ST~ S e M I e L A 32

O stream ID (chdr.sid), 4 bytes Packets: 56369 - Displayed: 56369 (100.0%)
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host/ ©

This folder contains the source code for the host-side driver

firmware/
This folder contains the source code for all microcontrollers in USRP hardware

fpga/
This folder contains the source code and build scripts for the USRP FPGAs

mpm/
This folder contains the source code for the Module Peripheral Manager (MPM) for embedded USRP devices

images/
This folder contains tools for downloading the USRP FPGA images, which are located in the
/usr/local/share/uhd/images folder by default

tools/
This folder contains additional tools and utility programs
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sudo apt-get install libboost-all-dev libusb-1.0-0-dev python-mako doxygen

python-docutils cmake build-essential libncurses5 libncurses5-dev

mkdir ~/workarea; cd ~/workarea

git clone git://github.com/EttusResearch/uhd.git
cd uhd/

git checkout v4.1.0.5

cd host/

mkdir build && cd build

cmake ../

make -j4

make test

sudo make install

sudo ldconfig
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060
- Binary packages available on Ubuntu Launchpad PPA
- Recommend building from source code
- Much more flexible when doing development
- The binary packages are less flexible and are often older or out-of-date

- Use when doing deployment
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Add this line to your $HOME/ .bashrc file, and source it, or logout and log back in: oo O ?Nﬁeseacr?h
export LD _LIBRARY PATH=/usr/local/lib

export LD LIBRARY PATH=SLD LIBRARY PATH:/usr/local/lib

On Linux, udev handles USB plug and unplug events. The following commands install a udev rule so that non-root
users may access the device. Without this, you will not see the radio as a normal user. This step is only necessary
for devices that use USB to connect to the host computer, such as the B200, B210, and B200mini.

cd <path-to-uhd-repository>/uhd/host/utils

sudo cp uhd-usrp.rules /etc/udev/rules.d/

sudo udevadm control --reload-rules

sudo udevadm trigger

For USRP devices that use Ethernet to connect to the host computer, such as the N200, N210, X300, X310, set the
IP address of your system to 192.168.10.1, with a netmask of 255.255.255.0. The default IP address of the USRP is
192.168.10.2 (for 1 GbE), and 192.168.40.2 (for 10 GbE), with a netmask of 255.255.255.0.

Use Network Manager GUI (in Unity, KDE, GNOME, Xfce, etc.) to set the IP address. If you set the IP address from

the command line with 1 fconfig, then Network Manager may probably overwrite this.
36



UHD Ultility - uhd images downloader

sudo /usr/local/lib/uhd/utils/uhd images downloader.py

user@host:~$ sudo fusr/local/lib/uhd/utils/uhd_images_downloader.py
Images destination: Jusr/local/share/uhd/images

Ettus

O

O

(@)

o Qo
7 |
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Downloading images from: http://files.ettus.com/binaries/images/uhd-images_003.009.002-release.zip

Downloading images to: /tmp/tmpGYYPWE /uhd-images_003.009.002-release.zip
26296 kB / 26296 kB (100%)

Images successfully installed to: /usr/local/share/uhd/images
user@host:~$ i
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user@host:~$ tree /usr/local/share/uhd/images/ usrp_e310_fpga.t .

s ged 5 usrp_e310_fpga_idle.bit
Jusr/local/share/uhd/images/ usrp_e316_fpga_sg3.bit
003.009.002.tag usrp_e3xx_fpga_idle.bit
bit usrp_e3xx_fpga_idle_sg3.bit

usrp_n200_r3_fpga.bit usrp_n200_fw.bin
usrp_n200_r4_fpga.bit ﬂzgg—gggg—pg—;ggg'gtz
usrp_n210_r3_fpga. b}t usrp:nzoe:rtl:fpga.bin
usrp_n210_r4_fpga.bit usrp_n210_fw.bin
LICENSE usrp_n210_r2_fpga.bin

octoclock_bootloader.hex usrp_n210_r3_fpga.bin

octoclock_r4_fw.hex usrp_n216_r4_fpga.bin
usrpl_fpga_4rx.rbf
usrpl_fpga.rbf
usrpl_fw.1ihx
usrp2_fpga.bin
usrp2_fw.bin
usrp_b100_fpga_2rx.bin
usrp_b100_fpga.bin
usrp_b100_fw.ihx
usrp_b200_fpga.bin
usrp_b200_fw.hex
usrp_b200mini_fpga.bin
usrp_b205mini_fpga.bin
usrp_b210_fpga.bin
usrp_e100_fpga_v2.bin
usrp_el110_fpga.bin

usrp_x300_fpga_HGS.bit
usrp_x300_fpga_HGS.lvbitx
usrp_x310_fpga_HGS.bit
usrp_x310_fpga_HGS.lvbitx
winusb_driver
amd64
WdfCoInstaller®1009.d1l
winusbcoinstaller2.dll
erllc_uhd_b1e0.inf
erllc_uhd_b2ee.inf

erllc_uhd_b260_reinit.inf
erllc_uhd_usrpl.inf
X86
WdfCoInstaller01009.dll
winusbcoinstaller2.dll

4 directories, 48 files
user@host:~$ ||
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Uses broadcast packets for device discovery. View firewall settings with:
Often blocked by routers, switches, firewalls. sudo iptables -L

user@host:~$ uhd_find_devices
Llinux; GNU C++ version 4.8.4; Boost_105400; UHD 003.009.002-0-gf18abe54

Device Address:
type: usrp2
addr: 192.168.10.2
name:
serial: F38688

user@host:~$ i




user@host:~$ uhd_usrp_probe
1inux; GNU C++ version 4.8.4; Boost_105400; UHD_003.009.002-0-gf18abe54

-- Opening a USRP2/N-Series device...
-- Current recv frame size: 1472 bytes
-- Current send frame size: 1472 bytes

/

Device: USRP2 / N-Series Device

Mboard: N210r4
hardware: 2577
mac-addr: 00:80:2f:0a:d5:bd
ip-addr: 192.168.10.2
subnet: 255.255.255.255
gateway: 255.255.255.255
gpsdo: none
serial: F38688

FW Version: 12.4
FPGA Version: 11.1

Time sources: none, external, _external_, mimo
Clock sources: internal, external, mimo
Sensors: mimo_locked, ref_locked

/

| RX DSP: O

| Freq range: -50.000 to 50.000 MHz
/

| RX DSP: 1

| Freq range: -50.000 to 50.000 MHz
/

RX Dboard: A
ID: WBX, WBX + Simple GDB (0x0053)
Serial: 7f708b81

/
| RX Frontend: ©

RX Frontend: 0
Name: WBXv2 RX+GDB
Antennas: TX/RX, RX2, CAL
Sensors: lo_locked
Freq range: 68.750 to 2200.000 MHz
Gain range PGAO®: 0.0 to 31.5 step 0.5 dB
Bandwidth range: 40000000.0 to 40000000.0 step 0.0 Hz
Connection Type: IQ
Uses LO offset: No

RX Codec: A
Name: ads62p44
Gain range digital: 0.0 to 6.0 step 0.5 dB
Gain range fine: 0.0 to 0.5 step 0.1 dB

TX DSP: 0

Freq range: -50.000 to 50.000 MHz

TX Dboard: A

ID: WBX (0x0052)
Serial: b9e625d4

/

TX Frontend: ©
Name: WBXv2 TX+GDB
Antennas: TX/RX, CAL
Sensors: lo_locked
Freq range: 68.750 to 2200.000 MHz
Gain range PGAO: 0.0 to 25.0 step 0.1 dB
Bandwidth range: 40000000.0 to 40000000.0 step 0.0 Hz
Connection Type: IQ
Uses LO offset: No

TX Codec: A
Name: ad9777
Gain Elements: None
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Most UHD applications and examples make use of the —--args parameter to select specific devices
Common argument keys: serial, addr, resource, name, type, vid/pid.

$ uhd find devices --args “addr=192.168.10.2" (for USRP N2xx /X3xx)

$ uhd find devices --args “type=b200,serial=xxxxxxx” (for B2xx)

Note that multiple arguments are comma-delimited

X = 0O thilina@thilina-ubuntu: ~

thilina@thilina-ubuntu:~$ uhd_find_devices --args “addr©=192.168.10.2, addr1=192.168.20.2"
linux; GNU C++ version 5.4.0 20160609; Boost_105800; UHD_003.009.005-0-g32951af2

This will return the devices at the specific IP
address, and can be used to overcome previously :
mentioned network obstacles. e

LELEH
serial: F435AA

type: usrp2

addr: 192.168.10.2
name:

serial: F257F2

thilina@thilina-ubuntu:~$ I 41
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user@host: /usr/local/lib/uhd/examples$ ./benchmark_rate --rx_rate 10e6 --tx_rate 10e6
linux; GNU C++ version 4.8.4; Boost_105400; UHD_003.009.002-0-gf18abe54

Creating the usrp device with:
-- Opening a USRP2/N-Series device...
-- Current recv frame size: 1472 bytes
-- Current send frame size: 1472 bytes
Using Device: Single USRP:
Device: USRP2 / N-Series Device
Mboard 0: N210r4
RX Channel: 0
RX DSP: ©
RX Dboard: A
RX Subdev: WBXv2 RX+GDB
TX Channel: 0
TX DSP: ©
TX Dboard: A
TX Subdev: WBXv2 TX+GDB

Testing receive rate 10.000000 Msps on 1 channels
Testing transmit rate 10.000000 Msps on 1 channels

Benchmark rate summary:
Num received samples: 100116852
Num dropped samples: 0
Num overflows detected: 0
Num transmitted samples: 100229019
Num sequence errors: 0
underflows detected: 0

43




Verifying USRP using UHD L6099

Research”

A National Instruments Company

rx_samples to file --freq 98e6 --gain 20 --rate le6 usrp_ samples.dat

user@host:~$ fusr/local/lib/uhd/examples/rx_samples_to_file --args="type=usrp2,addr=192.168.10.2" --freq 98e6 --gain 20 --rate 5e6 usrp_samples.dat
1inux; GNU C++ version 4.8.4; Boost_105400; UHD_003.009.002-0-gf18abe54

Creating the usrp device with: type=usrp2,addr=192.168.10.2...
-- Opening a USRP2/N-Series device...
-- Current recv frame size: 1472 bytes
-- Current send frame size: 1472 bytes
Using Device: Single USRP:
Device: USRP2 / N-Series Device
Mboard @: N21@r4
RX Channel: @
RX DSP: ©
RX Dboard: A
RX Subdev: WBXv2 RX+GDB
TX Channel: @
TX DSP: ©
TX Dboard: A
TX Subdev: WBXv2 TX+GDB

Setting RX Rate: 5.000000 Msps...
Actual RX Rate: 5.000000 Msps...

Setting RX Freq: 98.000000 MHz...
Actual RX Freq: 98.000000 MHz...

Setting RX Gain: 20.000000 dB...
Actual RX Gain: 20.000000 dB...

Waiting for "lo_locked": ++++++++++ locked.

Press Ctrl + C to stop streaming...
iye
Done!

user@host:~$ 1s -al usrp_samples.dat
-rw-rw-r-- 1 user user 307640000 Jan 20 10:16 usrp_samples.dat
userghost:~$ I
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tx_samples from file --freq 915e6 --rate le6 --gain 0 usrp_samples.dat

user@host:~$ fusr/local/lib/uhd/examples/tx_samples_from_file --args="type=usrp2,addr=192.168.10.2" --freq 915e6 --rate 5e6 --gain 0 usrp_samples.dat
linux; GNU C++ version 4.8.4; Boost_105460; UHD_003.009.002-0-gf18abe54

Creating the usrp device with: type=usrp2,addr=192.168.10.2...
-- Opening a USRP2/N-Series device...
-- Current recv frame size: 1472 bytes
-- Current send frame size: 1472 bytes
-- Detecting internal GPSDO.... No GPSDO found
Using Device: Single USRP:
Device: USRP2 / N-Series Device
Mboard ©: N216r4
RX Channel: ©
RX DSP: ©
RX Dboard: A
RX Subdev: WBXv2 RX+GDB
TX Channel: @
TX DSP: ©
TX Dboard: A
TX Subdev: WBXv2 TX+GDB

Setting TX Rate: 5.000000 Msps...
Actual TX Rate: 5.000000 Msps...

Setting TX Freq: 915.000000 MHz...
Actual TX Freq: 915.000000 MHz...

Setting TX Gain: ©0.000000 dB...
Actual TX Gain: 0.000000 dB...

user@host:~$ ]
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0.4 O
- Default installation location is /usr/local/lib/uhd/utils
- uhd config info
- Prints detailed UHD configuration information
- uhd images downloader
- Downloads FPGA images for the current UHD version
- uhd_image_ loader
- Writes an FPGA image into the flash memory for the X300/X310 FPGA
- usrp burn mb eeprom
- Reading and writing motherboard EEPROM
- usrp burn db eeprom

- Reading and writing daughterboard EEPROM
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Default installation location is /usr/local/lib/uhd/examples

rx_ascii_art dft
- Creates ASCII/Ncurses FFT
- ./rx_ascii_art dft --freq 98e6 --rate 5e6 --gain 20 --bw 5e6 --ref-1lvl -50

rx_samples_to_file
- Saves samples to file
- ./rx_samples to file --freq 98e6 --rate 5e6 --gain 20 usrp samples.dat

tx_samples from file
- Transmits samples from file
- ./tx_samples from file --freq 915e6 --rate 5e6 --gain 10 usrp_samples.dat

benchmark rate
- Benchmarks interface with device
- ./benchmark rate --rx rate 10e6 --tx rate 10e6

tx_waveforms
- Transmits specific waveform
- ./tx_waveforms --freq 915e6 --rate 5e6 --gain 0 47



Packet Flow Errors e 000

5 ‘
O  Research”

O OO nsomanmssumssconpiny
Packet flow errors printed in console/terminal as upper-case letters:
Underrun on Tx (“U”):

- Samples not being produced by the host application fast enough. CPU governor or other power management not configured correctly.
Overrun on Rx (“O”):

- Samples not being consumed by the host application fast enough. CPU governor or other power management not configured correctly.
Sequence Error on Tx (“S”):

- Network hardware failure. Check host NIC, cable, switch, etc. Frame size might not work with the current NIC's MTU.
Dropped Packet on Rx (“D”):

- Network hardware failure. Check host NIC, cable, switch, etc. PCle bus on host cannot sustain throughput. CPU governor or other
power management not configured correctly. Frame size might not work with the current NIC's MTU. Check "ethtool -s
<interface>".

Late Packet on Tx (“L”):
- Samples are not being produced by user's application fast enough. CPU governor or other power management not configured correctly.

Incorrect/invalid time_spec provided. Usually on MIMO.
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Using UHD API

The UHD API can be used from:
- C++ (native)
- Python3

For C++, can compile with:
- GCC
- LLVM/Clang
- Microsoft Visual Studio
- macOS Xcode

Uses the CMake build system

- Anexample cMakeLists. txtfile provided for getting started with building custom stand-alone applications

Ettus

O

O

(@)

oQo
(@)
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Using UHD API from C++

#include
#include
#include
#include
#include
#include
#include
#include
#include

int UHD SAFE MAIN(int argc, char *argv[]) ({

<uhd/utils/thread priority.hpp>
<uhd/utils/safe main.hpp>
<uhd/usrp/multi usrp.hpp>
<uhd/exception.hpp>
<uhd/types/tune request.hpp>
<boost/program options.hpp>
<boost/format.hpp>
<boost/thread.hpp>

<iostream>

return EXIT SUCCESS;

}

Ettus

O

O

(@)

oQo
(@)

O
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int UHD_SAFE MAIN(int argc, char *argv[]) {
uhd: :set_thread priority safe();

std: :string device_ args("type=b200") ;
std: :string subdev("A:0") ;

std: :string ant ("TX/RX");

std: :string ref ("internal") ;

double rate(leb) ;
double freq(915e6) ;
double gain(10) ;

//create a usrp device

std: :cout << std::endl;

std::cout << boost::format("Creating the usrp device with: %s...") % device_args << std::endl;
uhd: :usrp::multi_ usrp::sptr usrp = uhd::usrp::multi_ usrp::make (device_args);

// Lock mboard clocks
std: :cout << boost::format("Lock mboard clocks: %f") % ref << std::endl;
usrp->set _clock source (ref) ;
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//always select the subdevice first, the channel mapping affects the other settings
std: :cout << boost::format("subdev set to: %f") % subdev << std::endl;
usrp->set_rx subdev_spec (subdev) ;
std::cout << boost::format("Using Device: %s") % usrp->get pp string() << std::endl;
//set the sample rate
if (rate <= 0.0) {

std: :cerr << "Please specify a valid sample rate" << std::endl;

return ~0;
}
// set sample rate
std: :cout << boost::format("Setting RX Rate: %f Msps...") % (rate / le6) << std::endl;
usrp->set_rx rate(rate);
std::cout << boost::format("Actual RX Rate: %f Msps...") % (usrp->get _rx rate() / le6) << std::endl << std::endl;
// set freq
std: :cout << boost::format("Setting RX Freq: %f MHz...") % (freq / le6) << std::endl;
uhd: : tune_request_t tune_request(freq);
usrp->set_rx freq(tune_request);
std::cout << boost::format("Actual RX Freq: %f MHz...") % (usrp->get_rx freq() / le6) << std::endl << std::endl;
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// set the rf gain
std: :cout << boost::format("Setting RX Gain: %f dB...") % gain << std::endl;
usrp->set_rx gain(gain);
std: :cout << boost::format("Actual RX Gain: %f dB...") % usrp->get rx gain() << std::endl << std::endl;

// set the antenna

std: :cout << boost::format("Setting RX Antenna: %s") $ ant << std::endl;

usrp->set_rx antenna(ant);

std: :cout << boost::format("Actual RX Antenna: %s") % usrp->get_rx antenna() << std::endl << std::endl;

return EXIT SUCCESS;
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Use the uhd/host/examples/init_usrp/CMakeLists.txt file as template

- Add the names of your C++ source files to the add_executable(..) section

- Put both modified cMakeLists. txt file and C++ file into an empty folder

- Create a “build” folder and invoke CMake the usual way:
mkdir build
cd build

cmake ../

make -3j4
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- init usrp example included as ~/ettus_workshop/examples/usrp basic

$ cd ~/ettus_workshop/examples/usrp basic

$ mkdir build

$ cd build

$ cmake

$ make

$ ./usrp basic

$ 1ldd ./usrp basic
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### Make the executable
add_executable(init_usrp init_usrp.cpp)

58  SET(CMAKE_BUILD_TYPE "Release")

MESSAGE (STATUS " S |
MESSAGE (STATUS "% NOTE: When building your own app, you probably need all kinds of different ")
MESSAGE (STATUS "x compiler flags. This is just an example, so it's unlikely these settings )
MESSAGE (STATUS "x exactly match what you require. Make sure to double-check compiler and "
3 MESSAGE(STATUS "x linker flags to make sure your specific requirements are included. ")
64  MESSAGE(STATUS " ")

# Shared library case: All we need to do is link against the library, and

67 # anything else we need (in this case, some Boost libraries):

68  if(NOT UHD_USE_STATIC_LIBS)

69 message (STATUS "Linking against shared UHD library.")

70 target_link_libraries(init_usrp ${UHD_LIBRARIES} ${Boost_LIBRARIES})

1 # Shared library case: All we need to do is link against the library, and
# anything else we need (in this case, some Boost libraries):

73 else(NOT UHD_USE_STATIC_LIBS)

74 message (STATUS "Linking against static UHD library.")

75 target_link_libraries(init_usrp

76 # We could use ${UHD_LIBRARIES}, but linking requires some extra flags,
. # so we use this convenience variable provided to us

78 ${UHD_STATIC_LIB_LINK_FLAG}

79 # Also, when linking statically, we need to pull in all the deps for

80 # UHD as well, because the dependencies don't get resolved automatically

1 ${UHD_STATIC_LIB_DEPS}
82 )
83  endif (NOT UHD_USE_STATIC_LIBS)

85  ##H Once it's built...
6 # Here, you would have commands to install your program. 56
# We will skip these in this example.
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- Open-source framework for SDR and signal processing

- Block-based dataflow architecture -

i~ =)
- Each block runs in its own thread g) GNU Radlo

- Data flows through a graph called a Flowgraph THE FREE & OPEN SOFTWARE RADIO ECOSYSTEM
- Blocks are nodes in a Flowgraph, and perform operations and signal processing

- Signals normalized between -1.0 and +1.0

- Similar in concept to LabVIEW™ and Simulink™

- Running C++ and Python under-the-hood

- Can write code directly, or use the GNU Radio Companion (GRC) graphical tool

- Hosted on GitHub at https://github.com/gnuradio/gnuradio

- Homepage is http://gnuradio.org/
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Install Ubuntu 20.04 Dependencies:

sudo apt-get -y install git swig cmake doxygen build-essential libboost-all-dev libtool libusb-1.0-0
libusb-1.0-0-dev libudev-dev libncurses5-dev libfftw3-bin libfftw3-dev libfftw3-doc libcppunit-1.13-0v5
libcppunit-dev libcppunit-doc ncurses-bin cpufrequtils python-numpy python-numpy-doc python-numpy-dbg
python-scipy python-docutils gqt4-bin-dbg gt4-default gtd4-doc libgt4-dev libgt4-dev-bin python-qt4
python-qt4-dbg python-gt4-dev python-gt4-doc python-gt4-doc libgwté6abil libfftw3-bin libfftw3-dev
libfftw3-doc ncurses-bin libncurses5 libncurses5-dev libncurses5-dbg libfontconfigl-dev libxrender-dev
libpulse-dev swig g++ automake autoconf libtool python-dev libfftw3-dev libcppunit-dev libboost-all-dev
libusb-dev libusb-1.0-0-dev fort77 libsdll.2-dev python-wxgtk3.0 git-core libgt4-dev python-numpy ccache
python-opengl libgsl-dev python-cheetah python-mako python-lxml doxygen gt4-default gt4-dev-tools
libusb-1.0-0-dev libqwt5-qt4-dev libgwtplot3d-gt4-dev pyqt4-dev-tools python-qwt5-gt4 cmake git-core wget
libxi-dev gtk2-engines-pixbuf r-base-dev python-tk liborc-0.4-0 liborc-0.4-dev libasound2-dev python-gtk2
libzmg-dev libzmqgl python-requests python-sphinx libcomedi-dev python-zmq tree
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cd ~/workarea

git clone --recursive https://github.com/gnuradio/gnuradio.git
cd gnuradio/

git checkout v3.8.5.0

mkdir build && cd build

cmake ../

make -3j4

sudo make install

© 0O N4 o U W N PR

sudo ldconfig
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- Binary packages available on Ubuntu Launchpad PPA
- Recommend building from source code
- Much more flexible when doing development
- The binary packages are less flexible and are often older or out-of-date

- Use when doing deployment
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- Utility program to print detailed GNU Radio configuration information
- gnuradio-config-info --version (or -v)
- gnuradio-config-info --prefix
- gnuradio-config-info --enabled-components

- gnuradio-config-info --print-all
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- Many examples included with GNU Radio installation

- Located at:

<install path>/share/gnuradio/examples/

/usr/local/share/gnuradio/examples/
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In-band telecommunication signaling system using the voice-frequency band over
telephone lines between telephone equipment and other communications devices

The DTMF telephone keypad is DTMF keypad frequencies
laid out in a 4x4 matrix of push 1209 Hz 1336 Hz | 1477 Hz 1633 Hz
buttons in which each row
represents the Ilow frequency el 1 - = A
component and each column | 770 Hz 4 5 6 B
represents the high frequency | ggo s - 8 9 C
component of the DTMF signal.

941 Hz * 0 # D
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GNU Radio Dial Tone Example fus 000 °
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- Dial Tone Example

Generates a PSTN dial tone

Does not use any hardware

Verifies that all libraries can be found, and the GR run-time is working
Run the following example:

$ python ~/ettus workshop/flowgraphs/dial tone basic.py

Flowgraph located at:
~/ettus workshop/flowgraphs/dial tone basic.grc
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Dial Tone Example: Python Code

Location: ~/ettus workshop/flowgraphs/dial tone basic.py

from gnuradio
from gnuradio
from gnuradio
from gnuradio
from gnuradio

from gnuradio.
from gnuradio.

from optparse

import analog

import audio

import blocks

import eng notation

import gr

eng option import eng option
filter import firdes

import OptionParser

class dial_ tone basic(gr.top block):

def init (self):
gr.top_block._ init_ (self, "Dial Tone Basic")

HEHHHAHHH AR H R AR H R BB FHHH A H B R GRS HGH SR B R FHH R R H R H 3
# Variables

HHHHHAHH AR R R R R

self.samp rate = samp rate = 32000

Ettus

O

O

(@)

oQo
(@)
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Dial Tone Example: Python Code

HEHHGHEHASHEH S H S A SH SRS H S A S S S S H S S S S S S H 4
# Blocks

EEE ISR B SIS LS L
self.blocks add xx = blocks.add vff (1)
self.audio_sink = audio.sink (32000, '', True)

O
Ettus o717
O

O  Research”

A National Instruments Company

O o O

self.analog sig source x 1 = analog.sig source f(samp rate, analog.GR _COS WAVE, 440, .4, 0)
self.analog_sig source x 0 = analog.sig source_ f(samp_ rate, analog.GR_COS WAVE, 350, .4, 0)

self.analog noise_source_x 0 = analog.noise_source_f (analog.GR_GAUSSIAN,

SIS EE SRR RS R L

# Connections

HAHGHGHHH B HHHAH BB R B R BB BHHHHEHAH RS R SR BH SR H
self.connect((self.analog noise source x 0, 0), (self.blocks add xx, 2))
self.connect((self.analog _sig source x 0, 0), (self.blocks add xx, 0))
self.connect((self.analog_sig_source x 1, 0), (self.blocks_add xx, 1))
self.connect((self.blocks_add xx, 0), (self.audio_sink, 0))

.005, -42)
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Dial Tone Example: Python Code fws 070 °
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O o O
def get samp rate(self):
return self.samp rate

def set samp rate(self, samp rate):
self.samp rate = samp rate
self.analog sig source x l.set sampling freq(self.samp rate)
self.analog_sig _source x 0.set_sampling freqg(self.samp rate)

def main(top_block cls=dial tone basic, options=None):

tb = top block cls()
tb.start ()
try:
raw_input ('Press Enter to quit: ')
except EOFError:
pass
tb.stop()
tb.wait()

if name == ' main ':

_;ain()
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Dial Tone Example: Flowgraph

Location: ~/ettus workshop/flowgraphs/dial tone basic.grc

File Edit View Run Tools Help

X 7 &

L&

Options
1D: dial_tone_basic

Title: Dial Tone Basic

{ Author: Ettus Research
Description: Basic Dial Tone
Generate Options: No GUI
Run Options: Prompt for Exit

mAe

I EEELEER

Signal Source
Sample Rate: 32k
Waveform: Cosine
B rrecen
Amplitude: 400m
Offset: 0

Signal Source
Sample Rate: 32k
Waveform: Cosine
Frequenc:
Amplitude: 400m
Offset: 0

/|

Noise Source
Noise Type: Gaussian
Amplitude: 5m

Seed: -42

Loading: "/home/user/ettus/flowgraphs/dial_tone_basic.grc"

>>> Done

L1

Variable
ID: samp_rate
Value: 32k

Id Value
Imports
v Variables
samp_rate 32000

Q¢

% o o

=B 3 & ¢

v Core
> Audio
» Boolean Operators
» Byte Operators
Channelizers
Channel Models
» Coding
Control Port

v

v

v

v

Debug Tools
Deprecated
Digital Television
Equalizers

Error Coding

> FCD

File Operators

v

v

v

v

v

v

Filters

Fourier Analysis
GUI Widgets
Impairment Models
Instrumentation

v

v

v

v

v

Level Controllers
» Math Operators
Measurement Tools
Message Tools

> Misc

Modulators
Networking Tools
> NOAA

> OFDM

Packet Operators
Pager

Peak Detectors
Resamplers
Stream Operators
Stream Tag Tools
Symbol Coding

v

v

v

v

v

v

v

v

v

v

v
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1:25AM 1%
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Example: Dial Tone with Slider Widgets CEtes 0777

>

O Research”

Location: ~/ettus workshop/flowgraphs/dial tone sliders.grc O Q9 e
Options Variable Signal Source QT GUI Range QT GUI Range
ID: dial_tone_sliders ID: samp_rate Sample Rate: 32k ID: noise 1D: ampl
Title: Dial Tone Value: 32k Waveform: Cosine Label: Noise Amplitude Label: Volume
Author: Ettus Research [ Frequency: 350 E Default Value: 5m Default Value: 400m
Description: Dial ... Sliders Amplitude: 400m Start: 0 Start: O
Generate Options: OT GUI Offset: 0 Stop: 200m Stop: 500m
Step: 1m Step: 1m
Signal Source
Sample Rate: 32k L
Waveform: Cosine | Audio Sink
|: Frequency: 440 U P Add U F!‘ Sample Rate: 32KkHz
Amplitude: 400m
Offset: 0 ’

Noise Source
Noise Type: Gaussian
Amplitude: 5m D
Seed: -42
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Example: Dial Tone / Touch Tone CEtes 0079

>
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Location: ~/ettus workshop/flowgraphs/dial tone_ interactive.grc ©0©

Options QT GUI Range QT GUI Range Variable Variable
ID: dial_tone_interactive Variable 1D: noise 1D: ampl 1D: fregl 1D: dial_tonel
Title: Dial Ton...ractive GUI ID: samp_rate Label: Noise Amplitude Label: Volume Value: 350 Value: 350
Author: Ettus Research Value: 32k Default Value: 5m Default Value: 400m
Description: Inter... Example Start: 0 Start: 0 Variable Variable Note Note Note
Generate Options: QT GUI Stop: 200m Stop: 500m 1D: freq2 1D: dial_tone2 Note: 1209 Hz Note: 1336 Hz Note: 1477 Hz
Step: Im Step: Im Value: 440 Value: 440
Signal Source Variable Variable Variable
Sample Rate: 32k ID: cl ID: c2 ID: c3
: Value: 1.209 Value: 1.336k Value: 1.477k
D Waveform: Cosine
:::::.::::. :ggm QT GUI Push Button | [ QT GUI Push Button | [ QT GUI Push Button
Offset: 0 Variable 1D: btn_one ID: btn_two 1D: btn_three
Note ID: 11 Label: 1 Label: 2 Label: 3
Signal Source Note: 697 hz Value: 697 Default Value: 0 Default Value: 0 Default Value: 0
Sample Rate: 32k Audio Sink Pressed: 1 Pressed: 1 Pressed: 1
W Cotit Sample Rate: 32KHz Released: 0 Released: 0 Released: 0
D Frequency: 440 H Aad
QT GUI Push Button QT GUI Push Button QT GUI Push Button
Amplitude: 400m :
Offset: 0 Niote Variable 1D: btn_four 1D: btn_five 1D: btn_six
Note: 770 Hz ID: r2 Label: 4 Label: 5 Label: 6
Value: 770 Default Value: 0 Default Value: 0 Default Value: 0
Noise Source Pi d:1 Pressed: 1 Pressed: 1
Nolse Type: Gaussian Low Pass Filter Released: 0 Released: 0 Released: 0
::'e'::t:‘;': = :;:':":m": L P ——— QT GUI Push Button | | QT GUI Push Button | | QT GUI Push Button
1D: btn_seven ID: btn_eight 1D: btn_nine
Sample Rate: 32k FFT Size: 1.024k Variable i i i
Iil Cutoff Freq: 2k Iil_b Center Frequency (Hz): 0 NotN'c:; o 1D: r3 iabal: 1 i Labet:2 i Labat: 2 i
Transition Width: 1.2k Bandwidth (Hz): 3.2k e: z Value: 852 Default Value: 0 Default Value: 0 Default Value: 0
Window: Hamming Pressed: 1 Pressed: 1 Pressed: 1
Beta: 6.76 Released: 0 Released: 0 Released: 0
Yariabla QT GUI Push Button QT GUI Push Button QT GUI Push Button
Note ID: 14 1D: btn_star ID: btn_zero 1D: btn_pound
Note: 941 Hz Value: 941 Label: * Label: 0 Label: #
Default Value: 0 Default Value: 0 Default Value: 0
Pressed: 1 Pressed: 1 Pressed: 1
Released: 0 Released: 0 Released: 0
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Example: Dial Tone / Touch Tone

Location:

~/ettus_workshop/flowgraphs/dial tone interactive.grc

O

(@] ©)
Ettus o T 1
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Volume

Relative Gain (dB)

100 |
-120 |

-140 —

0.40000 | Noise Amplitude =

0.01000 .

—Datao

-40 |

-60 <

-80 |

fi

Al nooA
A AN A M
1 Uy |

I
0.00

T
0.20

T
0.40

0.80
Frequency (kHz)

o|fw||un||n
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Spectrum Display Tool uhd fft

Ettus 00 ¢ :

uhd fft --args “addr=192.168.10.2" --freq 100e6 -s 10e6 -g 20

Spectrum | waterfall = Scope

-70 4
-80
-90

-100 +

1l W o Wl

Power (dB)
e —

| \ (\)5 Research"

O O A National Instruments Company

Trace Options
] Max Hold

] Min Hold

AvQ: o)
Axis Options

® Grid

YRange: | +

Ref Level: | +

Autoscale

FFT

4096

Blackman-harris 2

Trigger
i Free
1 Nm Level: +
§l20 Extras
r T T T T T T T T T T
96.000 98.000 100.000 102.000 104.000 Stop
Frequency (MHz)
UHD Version: 003.009.002-0-gf18abe54 Device Information: N210r4 (F38688), WBXv2 RX+GDB (A:0, RX2, 7f708b81)
RX Gain

.



Signal Transmit Tool uhd siggen

uhd_siggen --args “addr=192.168.10.2" --freq 915e6 -g 0

user@host:~$ uhd_siggen -f 915e6 -g ©
inux; GNU C++ version 4.8.4; Boost_105400; UHD_003.009.002-0-gf18abe54

-- Opening a USRP2/N-Series device...

-- Current recv frame size: 1472 bytes

-- Current send frame size: 1472 bytes

UHD-SIGGEN] UHD Signal Generator

UHD-SIGGEN] UHD Version: 003.009.002-0-gf18abe54
UHD-SIGGEN] Using USRP configuration:

UHD-SIGGEN] Motherboard: N210r4 (F38688)
UHD-SIGGEN] Daughterboard: WBXv2 TX+GDB, b9e625d4
UHD-SIGGEN] Subdev: A:0

UHD-SIGGEN] Antenna: TX/RX

[UHD-SIGGEN] Press Enter to quit:

user@host:~$ |

Ettus

O o O

o Qo
7 |

5 ||
O  Research”
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Signal Transmit Tool uhd_siggen gui etus 0070

(L (L J} o  Research"
uhd _siggen_gui --args “addr=192.168.10.2" --freq 3025e6 -g 0
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Using gnuradio-companion s 0977

(\) \ _ O Research"

O A National Instruments Company

At a command prompt, type: gnuradio-companion

toolbar
/

¢ v e v X = s > Hm Q¢
Options > [analog]
1D: top_block > [Audio]
Generate Options: QT GUI > [Boolean Operators ]
> [ Byte Operators ]
> [ Channelizers ]
> [ channel Models ]
> [Coding]
Variable > [ Control Port]
1D: somp b > [DebugTools]
workspace i > [Deprecated] .
> > [Digital Television] Ilbra ry
canvas » [Equalizers ]

> [Error Coding]

» [FcD]

> [File Operators ]

> [Filters]

» [ Fourier Analysis ]

> [GUIWidgets]

> [Impairment Models ]
> [Instrumentation ]

> [Level Controllers ]

> [ Math Operators ]

» [ Measurement Tools ]

terminal —

<<<Welcome to GNU Radio Companion 3.7.9 >>>

Preferences file: /lhome/user/.gnuradio/grc.conf

Block paths:
Jusr/local/share/gnuradio/grc/blocks
/home/user/.grc_gnuradio

Showing: ™"

> [ Message Tools ]

> [Misc]

» [Modulators ]

> [ Networking Tools ]
» [NOAA]

> [OFDM]

> [ Packet Operators ]
» [Paner]
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Using gnuradio-companion - Search

Ettus

e 117

O

=B 2 = 1) 1131AM %

Search for a block by name (and key)

[ 3

L3
L3
L3

¥ Core
» Audio

Boolean Operators
Byte Operators
Channelizers
Channel Models
Coding

Control Port
Debug Tools
Deprecated

Digital Television
Equalizers

Error Coding

FCD

File Operators
Filters

Fourier Analysis
GUI Widgets
Impairment Models
Instrumentation
Level Controllers
Math Operators
Measurement Tools

Message Tools
Micr

é \ _ O Research"

A National Instruments Company
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e 117

= B 3 = o) 1:31am 3

[Q Noise]| ®

¥ Core
¥ Waveform Generators
Fast Noise Source
Noise Source
¥ Impairment Models
Phase Noise Generator

Research”

I Instruments Company
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Using gnuradio-companion Bts 0707
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Blocks have ports which input and output specific data types.

The color of the port indicates its data type. Help -> Types
Types

QT GUI Frequency Sink
—=| | Center Frequency (Hz): 0 Color Mapping
Bandwidth (Hz): 32k

Complex Integer 16

QT GUI Frequency Sink
—P»| | Center Frequency (Hz): 0
Bandwidth (Hz): 32k Integer 64

Integer 16

Hot keys: Async Message
Bus Connection
wWildcard
- Up/Down arrows change data type

- E/D keys enable/disable blocks

Close

f
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Using gnuradio-companion Bts 0707

4) (L (L o Research"*'
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Every block has properties that can be viewed and set

Properties: UHD: USRP Source

Properties: UHD: USRP Source

\IML RF Options FE Corrections Advanced Documentation | General V[RF OptionsH FE Corrections Advanced Documentation B
D | uhd_usrp_source_0 \ ChO: Center Freq (Hz)
Output Type | Complex float32 2 J ChO: Gain Value
Wire Format ‘ Automatic B3 ‘ ChO: Gain Type |Absolute (dB) Yal

Stream args ‘ ChO0: Antenna

Stream channels Ch0: Bandwidth (Hz)

Device Address

Device Arguments

Sync | don't sync =1
Clock Rate (Hz) ‘ Default B
Num Mboards ‘1 [ ) ;
MbO: Clock Source ‘Default BA ‘
Mb0: Time Source ‘Default [ i) ‘
mbo: subdev spec ([
Num Channels ‘1 | v |
|

OK || Cancel | Apply . OK || Cancel | Apply 79




Using gnuradio-companion

Ettus

e 717,

Properties: UHD: USRP Sink

[General‘RFOptions Advanced Documentation

5

Properties: UHD: USRP Sink

General “RF OptionsH Advanced Documentation

D [uhd_usrp_sink_o

Input Type | Complex float32 : |

Wire Format ‘Automatic

Stream args
Stream channels
Device Address
Device Arguments
Sync
Clock Rate (Hz)

Num Mboards

MbO: Clock Source

MbO: Time Source
Mb0: Subdev Spec
Num Channels
Samp Rate (Sps)

TSB tag name

OK || Cancel | Apply

cho: center Freq (H2) centiertfreq
Absolte(@8)

Cho: Antenna | TX/RX v \

ChO0: Gain Value

ChoO: Gain Type

Cho: Bandwidth (Hz)

OK || Cancel

|| Apply

(L é Research”'

A National Instruments Company
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Options Block ews 9777

4) (L (L o Research"*'
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Properties: Options

General ’ Advanced  Documentation

ID [example
Title

Author

Descrotion Options
Generate Optons. | QT GUI | ID: example
Run Autostart B3 Title: Simple Signal Source
o o Author: Ettus Research
Description: Basic...| Source

Generate Options: QT GUI

Canvas Size

Realtime Scheduling | Off |

QSS Theme

| OK || Cancel || Apply |
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Options Block e 0000
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060
ID: File name of generated Python code

TITLE: Title of flowgraph

AUTHOR: Author of flowgraph

DESCRIPTION: Description of flowgraph

CANVAS SIZE: Size of working area for flowgraph

GENERATE OPTIONS: QT GUI, WX GUI, No GUI, HIER BLOCK, HIER BLOCK (QT GUI)
RUN: Autostart / OFF

MAX NUMBER OF OUTPUTS: Limits max number of outputs of any block

REALTIME SCHEDULING: Use real-time CPU scheduling to run flowgraph

QSS THEME: Theme of flowgraph <install_path>/share/gnuradio/themes/
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Throttle Block s—

5 ‘
O  Research”

A National Instruments Company

O o O

Distinct from a mathematical (DSP) calculation context, sample rate also refers to the rate at
which samples pass through the flowgraph

If there is no rate control, hardware clock, or throttling mechanism, then the samples will be
generated, pass through the flowgraph, and be consumed as fast as possible (i.e., the
flowgraph will be only CPU-bound)

This is desirable if you want to perform some specific DSP on data as quickly as possible (e.g.,
read from a file, re-sample, and write it back to disk)

Only a block that represents some underlying hardware with its own clock (e.g. USRP, sound
card), or the Throttle Block itself, will use 'Sample Rate' to set that hardware clock, and
therefore have the effect of applying rate control to the samples in the flowgraph

Not having a Throttle Block in a flowgraph where it's needed may result in the flowgraph
consuming 100% of your CPU, and your system becoming unresponsive
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Throttle Block (cont'd) s 0900
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O o O
- AThrottle Block will simply apply host-based timing (against the 'wall clock') to control the rate
of the samples it produces (i.e. samples that it makes available on its outputs to
downstream blocks)
- A hardware Sink block will consume samples at a fixed rate (relative to the wall clock)
- The Throttle Block, or a hardware Sink block, will apply 'back pressure' to the upstream blocks
(the rate of work of the upstream blocks will be limited by the throttling effect of this
rate-controlling block)

- A hardware Source block will produce samples at a fixed rate (relative to the wall clock)

- In general, there should only ever be one block in a flowgraph that has the ability to throttle
sample flow
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Components of GNU Radio

- GNU Radio is comprised of components

- Components consist of blocks as well as other functionality

- The top-level components included in the GNU Radio distribution are:

Fundamentals
- gr-analog
- Blocks for analog communications
- gr-block
- Basic block library
- gr-digital
- Blocks for digital communications
- gr-fec

- Forward Error Correction signal processing blocks

Ettus

O

O

(@)

oQo
(@)

= ‘
O  Research”
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Components of GNU Radio s 0009
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OO
- gr-fft

- FFT signal processing blocks
- gr-filter

- Filter signal processing blocks
- gr-runtime

- GNU Radio core runtime infrastructure
- gr-trellis

- Trellis-based algorithms for GNU Radio
- gr-vocoder

- Blocks implementing voice codecs
- gr-wavelet

- Wavelet signal processing blocks for GNU Radio
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Components of GNU Radio s 0009
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060
Graphical Interfaces
- gr-gqtgui
- QT 5 GUI Interface
- QT is the default/primary GUI toolkit

- wxWidgets fully deprecated and no longer supported
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Components of GNU Radio s 0009
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060
Hardware Interfaces
- gr-audio
- Block for all supported audio sound systems
- gr-comedi
- Blocks for the comedi library
- gr-fcd
- Funcube Dongle source block for GNU Radio
- gr-shd
- Blocks for the Simplex Hardware Driver (SHD)
- gr-uhd
- Blocks to interface with USRP / UHD
- gr-osmocom

- Universal Block to interface with various SDR Hardware 88



Example: Signal Source

Location: ~/ettus workshop/flowgraphs/signal source.grc

Options
ID: signal_source
Title: Signal Source
Author: Ettus Research

Description: Simpl...| Source
Generate Options: OT GUI

Variable

Value: 32k

ID: samp_rate I:

Signal Source
Sample Rate: 32k
Waveform: Cosine
Frequency: 1k
Amplitude: 1
Offset: 0

>4

Throttle
Sample Rate: 32k

-

| |

QT GUI Frequency Sink
FFT Size: 1.024k

Center Frequency (Hz): 0
Bandwidth (Hz): 32k

| |

QT GUI Time Sink
Number of Points: 1.024k
Sample Rate: 32k
Autoscale: No

Research”

A National Instruments Company
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Example: Signal Source Running etes 007
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Using GNU Radio from

Generate Python from GRC Flow graph

Generate the flow graph

Invoke directly from the Linux command line:
$ python example 3.py

>>> import gnuradio
>>>

__name__ = _main__

import ctypes

import sys

if sys.platform.startswith('linux"):
try:

x11 = ctypes.cdll.LoadLibrary( 'libX11.s0")
x11.XInitThreads()

except:
print "Narning: failed to XInitThreads()"

PyQt4 import Qt

gnuradio import analog

gnuradio import eng_notation

gnuradio import

gnuradio import

gnuradio.eng_option import eng_option
gnuradio.filter import firdes
gnuradio.qtgui import Range, RangeWidget
optparse import OptionParser

import sys
import time

class example3(gr.top_block, Qt.QWidget):

def __in (self):

gr.top_block.__init__(self, "Example3")
Qt.QWidget.__init__(self)
self.setWindowTitle("Exanple3”)
try:

self.setWindowIcon(Qt.QIcon.fronTheme( gnuradio-grc'))
except:

pass
self.top_scroll_layout = Qt.QVBoxLayout()
self.setlLayout(self.top_scroll_layout)
self.top_scroll = Qt.QScrollArea()
self.top_scroll.setFrameStyle(Qt.QFrame.NoFrame)
self.top_scroll_layout.addWidget(self.top_scroll)
self.top_scroll.setWidgetResizable(True)
self.top_widget = Qt.QWidget()
self.top_scroll.setWidget(self.top_widget)
self.top_layout = Qt.QVBoxLayout(self.top_widget)
self.top_grid_layout = Qt.QGridLayout()
self.top_layout.addLayout(self.top_grid_layout)

self.settings = Qt.QSettings("GNU Radio", "example3")
self.restoreGeonetry(self.settings.value("geometry”).toByteArray())

o Qo
7 |
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Using GNU Radio

.samp_rate = Se6
.rf_gain = rf_gain
.freq = freq = 1le6
.center_freq = center_freq
.amp = amp = 0.5

samp_rate =
=0

= 015000000

._rf_gain_range = Range(®, 25, 1, 6, 200)
._rf_gain_win = RangeWidget(self._rf_gain_range, self.set_rf_gain, "RF Gain", "counter_slider", float)
.top_layout.addWidget(self._rf_gain_win)
._freq_range = Range(®, S5e6, 1000, le6, 200)
._freq_win = RangeWidget(self._freq_range, self.set_freq, "Freq"”, "counter_slider", float)
.top_layout.addWidget(self._freq_win)
._amp_range = Range(®, 1, .1, 0.5, 200)
._amp_win = RangeWidget(self._amp_range, self.set_amp, "Amp", "counter_slider"”, float)
.top_layout.addWidget(self._amp_win)
«uhd rp_sink_ uhd.usrp_sink(
", ".join(("", "type=usrp2,addr=192.168.18.2")),
uhd.stream_args(
cpu_format="fc32",
channels=range(1),
),

.uhd_usrp_sink_0.set_samp_rate(samp_rate)

«uhd_usrp_sink_0.set_center_freq(center_freq, 0)

.uhd_usrp_sink_0.set_gain(rf_gain, 0)

.uhd_usrp_sink_0.set_antenna("TX/RX", @)

.analog_sig_source_x_0 = analog.sig_source_c(samp_rate, analog.GR_COS_WAVE, freq, amp, 0)

.connect((self.analog_sig_source_x_0, 0), (self.uhd_usrp_sink_6, 0))

ent(self, event):
self.settings = Qt.QSettings("GNU Radio"”, "example3")
self.settings.setValue("geometry”, self.saveGeometry())
event.accept()

et_samp_rate(self):
return self.samp_rate
set_ p_rate(self, samp_rate):
self.samp_rate = samp_rate
self.analog_sig_source_x_0.set_sampling_freq(self.samp_rate)
self.uhd_usrp_sink_0.set_samp_rate(self.samp_rate)

get_rf_gain(self):
return self.rf_gain

if

from Python

O
0 Research”
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rf_gain(self, rf_gain):
self.rf_gain = rf_gain
self.uhd_usrp_sink_08.set_gain(self.rf_gain, 0)

get_freq(self):
return self.freq

set_freq(self, freq):
self.freq = freq
self.analog_sig_source_x_0.set_frequency(self.freq)

get_ eq(self):
return self.center_freq

set_center_freq(self, center_freq):
self.center_freq = center_freq
self.uhd_usrp_sink_0.set_center_freq(self.center_freq, 0)

get_amp(self):
return self.amp

set_amp(self, amp):
self.amp = amp
self.analog_sig_source_x_0.set_amplitude(self.amp)

main(top_block_cls=example3, options=None):

from distutils.version import StrictVersion

if StrictVersion(Qt.qVersion()) >= StrictVersion("4.5.0"):
style = gr.prefs().get_string('qtgui’, 'style', 'raster')
Qt.QApplication.setGraphicsSysten(style)

qapp = Qt.QApplication(sys.argv)

tb = top_block_cls()
tb.start()
th.show()

def quitting():

tb.stop()

tb.wait()
qapp.connect(qapp, Qt.SIGNAL("aboutToQuit()"), quitting)
qapp.exec_()

__name__ == '__main__":

main()




Example: Basic Signal Transmission

Location: ~/ettus workshop/flowgraphs/basic_signal tx.grc

Options
ID: basic_signal_tx
Generate Optlons: No GUI
Run Optlons: Frompt for Exit

Variable Variable Variable Variable
ID: samp_rate 1D: freq ID: gain ID: antenna
Value: 1M Value: 16 Value: 10 Value: TXHX

UHD: USRP Sink
Signal Source Samp Rate (Sps): 1M

Oftset: 0

Sample Rate: 1M
Waveform: Cosing
Frequency: 1k
Amplitude: 1

Cho: Center Fraq (Hz): 1G
Cho: Galn Value: 10

ChO: Antenna: TX/RX
TSB tag name:

o ©
Ettus 0] | |
. O —
o  Research"
O O O A National Instruments Company

93



Example

Location: ~/ettus_workshop/flowgraphs/basic_signal tx.py

. Basic Signal Transmission s 0009

O
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O o O

#!/usr/bin/env python2

# -*- coding:

utf-8 -*-

HHHHHHH R R 4 4 aees — Setting Python Environment
# GNU Radio Python Flow Graph Basic Informational Header
# Title: Basic Signal Tx

# Generated: Mon Apr 10 21:33:56 2017

BRERHEHE R RER R R R R R R R

from gnuradio
from gnuradio
from gnuradio
from gnuradio

from gnuradio.
from gnuradio.

from optparse
import time

import analog

import eng_notation Required GNU Radio / Python Imports
import gr —

import uhd

eng _option import eng option
filter import firdes

import OptionParser
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Location: ~/ettus_workshop/flowgraphs/basic_signal tx.py ©oC

o Top Level Class
class basic_signal_ tx(gr.top block) : - Class name is set by “ID” in “Options” Block

def init (self):
gr.top_block. init (self, "Basic Signal Tx")
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Example: Basic Signal Transmission fs 0970
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Location: ~/ettus_workshop/flowgraphs/basic_signal tx.py ©oC

tEE s B B RS SRS SRS SR B LS LSS B ISR EE L L

# Variables

s E BRI B SR EE SR EE BRI SR B R LS L

self.samp rate = samp_rate = leé6

self.gain = gain = 10 -— All Variables are contained within Parent Class
self.freq = freq = 1le9

self.antenna = antenna = "TX/RX"
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Example: Basic Signal Transmission fs 0970
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Location: ~/ettus_workshop/flowgraphs/basic_signal tx.py ©oC

HHHHHHHAHAHAHHAHHHAH B GHAHHHHH SSRGS SSRGS H
# Blocks

S H R R R R R

self.uhd usrp sink 0 = uhd.usrp_sink(

"L, Jodn (", "M)), '  Creation of UHD Sink Block
uhd.stream args(

cpu_format="£fc32",

channels=range (1),

Calls to apply Sample Rate, Center Frequency,
Gain, Antenna Selection

),
> /
self.uhd usrp sink 0.set_samp rate(samp_rate)
self.uhd usrp sink 0O.set_center freq(freq, 0)
self.uhd usrp sink 0O.set gain(gain, 0)
self.uhd usrp sink 0.set_antenna(antenna, 0)
self.analog_sig source_x 0 = analog.sig source_c(samp_rate, analog.GR_COS WAVE, 1000, 1, 0)

;

Creation of Signal Source Block
97



Example: Basic Signal Transmission fs 0970

O
O  Research”

A National Instruments Company

Location: ~/ettus_workshop/flowgraphs/basic_signal tx.py ©oC

SR

# Connections

HH AR R

self.connect((self.analog _sig source x 0, 0), (self.uhd usrp sink 0, 0))

e

Creating the connection between Signal Source and UHD Sink Block
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Example: Basic Signal Transmission fs 0970

Location: ~/ettus_workshop/flowgraphs/basic_signal tx.py

def

def

def

def

= ‘
O  Research”

A National Instruments Company

O o O

All Variables have getters/setters

get_samp rate (self): .
return self.samp rate Setters will recall UHD method to apply any updated value
set_samp rate(self, samp rate):
self.samp rate = samp rate
self.uhd usrp sink 0.set_samp rate(self.samp rate)
self.analog_sig source x 0O.set sampling freq(self.samp rate)

get_gain(self):
return self.gain

set_gain(self, gain):

self.gain = gain
self.uhd usrp sink 0.set _gain(self.gain, 0)
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Location: ~/ettus_workshop/flowgraphs/basic_signal tx.py ©oC

def get freq(self):
return self.freq

def set freq(self, freq):
self.freq = freq
self.uhd usrp sink 0O.set center freq(self.freq, 0)

def get antenna(self):
return self.antenna

def set antenna(self, antenna):

self.antenna = antenna
self.uhd usrp sink 0.set antenna(self.antenna, 0)
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Example: Basic Signal Transmission 5900
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Location: ~/ettus_workshop/flowgraphs/basic_signal tx.py ©oC

Passing of created class to main()

def main(top_block cls=basic_signal_ tx, options=None):

tb = top block cls() Initialization of “Top Block”
tb.start () _ . o
try: T ———————_ Starting of “Top Block / Sample Streaming

raw_input('Press Enter to quit: ')

t EOFE : — i ' '
excellsass rror Try/Run until raw input is entered

tb.stop()

tb.wait () <  Stopping of Flowgraph / Top Block

if _ name ==k Waits until the .stop() call has propagated

main () through all blocks before returning

Execution of main() function to Python Interpreter
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Example: Signal Source with Noise s 0777

Location: ~/ettus workshop/flowgraphs/signal source noise.grc

Options
1D: signal_source_noise
Title: Signal Source Noise
Author: Ettus Research
Description: Simpl...ise demo
Generate Options: OT GUI

Variable
ID: samp_rate
Value: 32k

QT GUI Range
1D: freg

Default Value: 1k
Start: 0

Stop: 32k

Step: 1k

QT GUI Range
ID: amp
Default Value: 500m
Start: 0
Stop: 1
Step: 100m

Signal Source
Sample Rate: 32k

Waveform: Cosine
Frequency: 1k Hi

Amplitude: 1
Offset: 0

Throttle
Sample Rate: 32k

MNoise Source
Neoise Type: Gaussian
Amplitude: 500m
Seed: 0

e

QT GUI Frequency Sink

FFT Size: 1.024k

Center Frequency (Hz): 0

Bandwidth (Hz): 32k
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Example: Signal Source with Noise Running s 0977
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freq e} 1000 .

amp } 0.500

—Data 0
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Example: Filters - Flowgraph

Location: ~/ettus workshop/flowgraphs/filters basic.grc

Options
1D: fiters_basic
Title: Basic Fiiter Examples

Varlable
ID: samp_rate
Value: 1M

Author: Eus F
Description: Examp... fltars
Generate Options: QT GUI

Signal Source
Sample Rate: 1M
|: Wavetorm: Cosine
Frequency: 300k
Amplitude: 700m
Oftset: 0

Noise Source
MNolse Type: Gaussian
Amplitude: 100m
Seed: 0

QT GUI Range
1D: naise_amp
Label: Noise
Detault Value: 100m
Start: 0
Stop: 1
Step: 100m

Sample Rate: 1M

Complex To Float

QT GUI Range
10: sine_freq
Label: Sine Fraquancy
Detault Value: 300k
Stant:0
Stop: 1M
Step: 1k

QT GUI Range
1D: low_cutott
Label: Low Cutoft
Detault Value: 100k
Stant: 0
Stop: 500k
Step: 1

QT GUI Range
1D: high _cutoft
Label: High Cutoft
Detault Value: 200k
Stant: 0
Stop: 500k
Step: 1

QT GUI Range
1D: transition
Label: Transition
Detauit Value: 50
Stant: 1k
Stop: 100k
Step: 1

O Research”

A National Instruments Company

Low Pass Filter
Dacimation: 1
Gain: 1
Sample Rate: 1M
Cutoft Fraq: 200k
Transition Width: 50k
Window: Hamming
Beta: 6.76

QT GUI Frequency Sink
Name: Spectrum
FFT Size: 1.024K
Center Frequency (Hz): 0
Bandwidth (Hz): 1M

High Pass Filter
Interpolation: 1
Gain: 1
Sample Rate: 1M
Cutoft Freq: 100k
Transition Width: 50k
Window: Hamming
Beta: 6.76

B -~ |Enable [E]
*Or*

Band Pass Filter
Interpolation: 1
Gain: 1
Sample Rate: 1M
Low Cutoft Freq: 100k
High Cutoft Freq: 200k
Transition Width: 50k
Window: Hamming
Beta: 6.76

Disable [D]

Only enable one
Filter per run

Band Reject Filter
Interpolation: 1

Gain: 1

Sample Rate: 1M

Low Cutoff Freq: 100k
High Cutoft Fraq: 200k
Transition Width: 50k
Window: Hamming
Beta: 6.76
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Example: Filters - Low Pass Bttus 007
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Location: ~/ettus workshop/flowgraphs/filters.grc 2 Jlc [ = Te———————

| Sine Frequency 300000 | C Noise 0.100 |
Low Cutoff = - 100000 | 2 High Cutoff .9 - 200000 | 2 Transition . 50000 |2 |
Spectrum
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Example: Filters - High Pass Bttus 0077

O >
. . o  Research"
Location: ~/ettus workshop/flowgraphs/filters.grc 2 Jlc [ = Te———————

Sine Frequency 300000 |2 Noise 0.100 |
Low Cutoff ) N\ — . 100000 |12 High Cutoff o . o 200000 | 2 Transition . . v . . 50000 |2 |
Spectrum
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Example: Filters - Band Pass ftus 000
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Location: ~/ettus workshop/flowgraphs/filters.grc 2 Jlc [ = Te———————

Sine Frequency 300000 2 Noise 0.100 2
Low Cutoff 100000 2 High Cutoff 200000 2 Transition . 50000 2
Spectrum

—Data 0
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Example: Filters - Band Reject S X

O |

. . o  Research"
Location: ~/ettus workshop/flowgraphs/filters.grc 2 Jlc [ = Te———————

Sine Frequency 300000 |2 Noise 0.100 | 2
Low Cutoff 100000 2 High Cutoff ¥ i 200000 2 Transition ¥ -9 50000
Spectrum
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Out-of-Tree (OOT) Modules 000

Ettus
O
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- An OOT module is a GNU Radio component that does not live within the GNU Radio source tree, and is not included
with the GNU Radio distribution

- OOT modules allow third-parties to extend GNU Radio with their functions and blocks

- Comprehensive GNU Radio Archive Network (CGRAN)
- Directory of open-source OOT modules
- Not a hosting site
- Most OOT modules are hosted on GitHub
- http://www.cgran.org/

- gr_modtool
- The swiss army knife of module editing / creating

- https://gnuradio.org/redmine/projects/gnuradio/wiki/OutOfTreeModules
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Ettus ?(fTT .

CGRAN Projects

Documentation~ GNURadio VO

The Comprehensive GNU Radio Archive Network

The Comprehensive GNU Radio Archive Network (CGRAN) is a free
open source repository for 3rd party GNU Radio applications a.k.a
Out Of Tree Modules that are not officially supported by the GNU

Radio project.

Browse~Checkout~Hack
< 8 -~

Search

Name Tags Description ~ Repository

gr-eventstream scheduler, streams, bursty The event stream scheduler 0 Github

Receiver for Vaisala Weather Receiver for Vaisala Weather Sonde 0 Github

Sonde

gr-pyqt gui, plotting, pyqt, pyqwt Python QT Plotters and Message Tools Repo 0 Github

gr-pcap pcap, packet PCAP recording and playback 0 Github

gr-microtelecom hardware, source Microtelecom's Perseus SDR source module 0 Github

gr-lte LTE, synchronization, estimation, PBCH LTE downlink receiver blocks ) Github

gr-nmea sdr, gps, nmea interface to NMEA and GPSD sources 0 Github

gr-ieee802-11 IEEE 802.11, WiFi, OFDM IEEE 802.11 a/g/p Transceiver 0 Github

An IEEE 802.15.4 (ZigBee) sdr, IEEE 802.15.4, ZigBee gr-ieee802-15-4 0 Github

Transceiver

é (L (L o Research""

A National Instruments Company
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Out-of-Tree Module Installation fts 0009
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1. git clone <repository>
2. cd <repository-path>

3. mkdir build && cd build
4. cmake ../

5. make -j4

6. sudo make install

7. sudo ldconfig
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Record & Playback of Signals fts 0000
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There are many ways to record files and playback files, and this can be highly customized
Use UHD utility programs

- Use existing utility programs in GitHub
- https://github.com/EttusResearch/uhd/tree/master/host/examples
- Customize them to modify and add functionality

- Either in C++ or in Python

- https://github.com/EttusResearch/uhd/blob/master/host/examples/rx_samples_to_file.cpp
- https://github.com/EttusResearch/uhd/blob/master/host/examples/python/rx to_file.py

Use GNU Radio
- Easy to do with a flowgraph
- Can easily add in-line, real-time signal processing
Various data types supported: Complex, Int, Short, Float, Double, etc.
The higher the sampling rate:
- The higher the disk usage
- The higher the disk IO
- Use NVMe disks, not SATA disks, not external USB flash disks

A National Instruments Company
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Record & Playback of Signals

Record Signal using UHD utility program:

$ /usr/local/lib/uhd/examples/rx samples to file \
--args "type=b200" \
--type float \
--freq 433.72e6 \
--rate le6 \
--gain 10 \
--ant TX/RX \
--bw le6 \
--file my iq datafile.f32

O
Ettus o717
O

O  Research”

A National Instruments Company

O o O
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Record & Playback of Signals

Playback Signal using UHD utility program:

$ /usr/local/lib/uhd/examples/tx samples from file \
--args "type=b200" \
--type float \
--freq 433.72e6 \
--rate le6 \
--gain 50 \
--ant TX/RX \
--bw le6 \
--file my iq datafile.f32

O
Ettus o717
O

O  Research”
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O o O
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Record & Playback of Signals Bus 0577
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- Record Signal using GNU Radio flowgraph:

Options Variable
Title: Not titled yet Id: samp rate
Author: neel Value: 1r_w

Output Language: Python
Generate Options: QT GUI

UHD: USRP Source
Sync: Unknown PPS
Samp rate (Sps): 1M
ChO: Center Freq (Hz): 915M
ChO0: AGC: Default
ChO: Gain Value: 20
ChO: Gain Type: Absolute (dB)
ChO: Antenna: TX/RX

command

File Sink
File: ...t_capture_monday.dat
Unbuffered: Off
Append file: Overwrite
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Record & Playback of Signals fus 0% 7
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- Playback Signal using GNU Radio flowgraph:

Options Variable
Title: Not titled yet Id: samp rate
Author: neel Value: 1M

Output Language: Python
Generate Options: QT GUI

File Source
File: ...t_capture_monday.dat

:::e:;':e:a 5 UHD: USRP Sink
9: Sync: Unknown PPS

Offset: 0 d| Samp rate (Sps): 1M

et comman P Ps):

ChO: Center Freq (Hz): 915M |async msas
ChO: Gain Value: 20

ChO: Gain Type: Absolute (dB)
ChO: Antenna: TX/RX
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Signal Data Formats s 0990
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e The previous examples read and write raw I/Q data files ©0oP°

o Fastto read, write, and process, but there is no header and no metadata
e Often, over time, it becomes difficult to manage large sets of raw signal capture files
o  You cannot remember, and/or did not document, the system configuration used for the capture
o  Trying to track this in the filename is tedious, error-prone, and does not scale
m Cannot easily annotate captures
o Difficult to archive, organize, and then later re-use captures
o Difficult to share captures with other colleagues for collaboration
o Difficult to create, organize, and publish data sets consisting of multiple captures
o Inhibits the ability to reproduce research results

o Basically, highly susceptible to “bit rot”
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e The Signal Metadata Format (SigMF) specifies a way to describe sets of recorded digital signal samples
with metadata written in JSON. SigMF can be used to describe general information about a collection of
samples, the characteristics of the system that generated the samples, and features of the signal itself.
e Designed to enable easy sharing, archiving, and publishing of datasets
e Open specification and open-source implementation on GitHub
e Can be used from C++, Python, GNU Radio (not specific to GNU Radio)

e Metadata is written with JSON

° https://github.com/gnuradio/SigMF

° https://pypi.org/project/SigMF/

e A SigMF recording is one flat data file and one flat metadata file
o The data file is just raw samples
o  The metadata file is a JSON file with several sections

° Recordings can be stored and distributed in an archive format

° Archives have a defined directory structure for including multiple recordings
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e The JSON file contains several sections:
o Global section: The General information about the file. The minimal information needed to parse the
dataset file. Example fields:

m Datatype: How are the samples stored?

m Sample Rate: What is the sample rate at which this data was recorded?

m  Author: Who created these files?

m Version: Which version of the SigMF specification was used to create this capture?

m License: What is the license of this data?

m Hash: A hash of the data to provide proof of integrity.

m Description: A top-level description of the capture dataset.
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e The JSON file contains several sections:
o Captures section: An array of segments that describe the parameters of the capture, starting at a
certain sample index. Example fields:
m Center Frequency: At what frequency was the radio tuned to during the capture?
m Timestamp: What is the timestamp of a particular sample index?
o Annotations section: An array of segments that describe features or provides comments about the
signal data. Specified by sample number. Can be "code comments” like "detected interference here",

"classified modulation as QAM64", "cat jumped on antenna", etc.
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e How to handle continuously-varying fields/metadata?
o Dealing with fields that are continuously changing can be a significant challenge for metadata
o Examples:
m If yourreceiver is in a vehicle, how do you record the changing geolocation in a useful way?
m If your antenna is a spinning dish, how do you record the changing azimuth of your aperture?
o These continuously-varying fields/metadata are just another SigMF recording
e Several open-source tools now have SigMF integration:
o Inspectrum
o  Universal Radio Hacker (URH)

o  GNU Radio (dedicated blocks)

121



Research”

A National Instruments Company

O o O

"global": {
"core:datatype"
"core:sample_rate
"core:version":

"core:description": ; metadafile for a SigMF recording.",

}s

"capture

'core:sample_start"
"core:frequency": 900C

"core:time": "2

"core:sample_star

"core:frequency":

"annotations": [

"core:sample_start":

' "

'core:sample_count

"core:comment": "Some text comment about stuff happening",




Digital RF
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e Driven by MIT Haystack Observatory ©oC

e Based on the more-generalized Hierarchical Data Format (HDF), version 5
e Specifically designed to store and organize large amounts of data
e HDF5 used by NASA, NOAA, and many other government agencies and scientific research organizations

e HDF5 has a hierarchical structure, and is more complicated than SigMF, which is flat and easy-to-parse

° https://github.com/MITHaystack/digital rf

° https://en.wikipedia.org/wiki/Hierarchical Data Format

e The Digital RF software suite includes:
o Libraries for reading and writing data in C, Python, GNU Radio (dedicated blocks), and Matlab
o  The thor.py UHD radio recorder script
o  Python tools for managing and processing Digital RF data
o Example scripts that demonstrate basic usage

o  Example applications that encompass a complete data recording and processing chain
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e Many open datasets are now being published using SigMF and Digital RF formats
e Some example public datasets:
o  “An |EEE 802.11 a/g (WiFi) massive-scale and labeled datasets for Radio Fingerprinting” from Northeastern
University (NEU) in Boston
m  https://www.northeastern.edu/wiot/wp-content/uploads/2020/07/dataset release.pdf
o “RF Datasets For Machine Learning” from DeepSig
m  https://www.deepsig.ai/datasets
o  “Comprehensive LoRa RF Datasets for Device Fingerprinting Using Deep Learning” from Oregon State University

| http://research.engr.oregonstate.edu/hamdaoui/sites/research.engr.oregonstate.edu.hamdaoui/fil

es/release note 2021.pdf
o  Data from the NASA Voyager 1 space probe from Daniel Estévez

[ https://destevez.net/2021/09/decoding-voyager-1/
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Generic SDR hardware interface for GNU Radio
Uses UHD under-the-hood
Needed for GQRX

https://github.com/osmocom/gr-osmosdr

1. git clone git://git.osmocom.org/gr-osmosdr
2. cd gr-osmosdr/

3. mkdir build && cd build

4. cmake ../

5. make -j4

6. sudo make install

7. sudo ldconfig
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- Afree open-source SDR receiver built on GNU Radio and QT
- Features:

- Real-time FFT plot and waterfall

- Demodulators for AM, SSB, NBFM (mono), WBFM (stereo)

- Record and playback to/from 1Q file

- Basic remote control through TCP socket connection

- Created by Alexandru Csete in Denmark

- http://gqrx.dk/
- https://github.com/csete/gqrx
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O o O
1. sudo apt-get install gt5-default gttools5-dev-tools libgqtS5svg5 libqgt5svg5-dev

2. git clone https://github.com/csete/gqrx.git

@ @ configure I/O devices

3. cd ggrx 1/Q input
Device |Ettus USRP2 F38688 =
4. mkdir build && cd build Device string F38688,type=usrp2,uhd
Input rate | 10000000 v

5. cmake ../
Decimation | None 2

. Sample rate 10.000 Msps
6. make -j4
Bandwidth | 10.000000 MHz

7. sudo make install LNB LO | 0.000000 MHz

8. sudo ldconfig Audio output

Device |Default -

Sample rate |48 kHz =

- To start, run at command prompt: ggrx

Cancel || OK

- Select Device, Set Input Rate, Decimation and Bandwidth

128



GQRX Screensho Btus 0979
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N Ggrx 2.5.3 - name,product=B210,serial=E2R04ZABT,type=b200,uhd L

File Tools View Help

o mEBEEH L =
Receiver Options B®
29 0 kHz
Hardware freq: 776.039450 MHz
Filter width | Normal 2

Filter shape | Normal

Mode | Narrow FM 2
AGC | Fast s
Squelch -150.0 dBFS | A
Noise blanker NB1 NB2

Input controls = Receiver Options

FFT Settings @®
FFT size | 16384 2| RBW: 244.1H
Rate | 30 fps 2 | Overlap: 0%
Time span | Auto 2| Res:-s
Averaging ==
Pandapter e WF
Peak Detect Hold

Ref. leve| eom— 0dB
dB range e 130 dB
Zoom 1x

R Te n
FFT Settings | Audio




GQRX Screenshot

[

2

4

.W%J “\A@@M/ y

i N -

Ettus

I

(@)
O o O
Input controls @®

LNB LO 0.000000 MHz

Hardware AGC
ADC-digital gain 0.0dB
ADC-fine gain 0.0dB
PGAO gain —_— 30.0dB

Swap 1/Q No limits
"~ ] DC remove ] 1Q balance
Freq. correction | 0.0 ppm =
Antenna TX/RX =

Input con... | Receiver Opt... FFT Sett...

Audio @®

Gain; e —— -1.7dB

ubpP Rec

DSP

Research”
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Demo - GQRX ( IM Point FFT /50 MS/s ) g <99°

Frequency 871 MHz - NFM, P25, LTE, GSM, WCDMA o4 0° Research'“
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Based on “Spectrum Painter” by polygon
- Github: https://github.com/polygon/spectrum_painter
- gr-OOT created by Ron “drmpeg” Economos
- SDR based OFDM transmitter that "paints" monochrome images into the waterfall
- Converts a byte stream of image data into a 4K IFFT OFDM 1Q sequence for transmission

- Github: https://github.com/drmpeg/gr-paint
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gr-paint - Installation Bus 005 °
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sudo make install

O OO nsomanmssumssconpiny
1. git clone https://github.com/drmpeg/gr-paint.git
2. cd gr-paint
3. mkdir build
4. cd build
5. cmake ..
6. make
7.
8.

sudo ldconfig
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gr-paint - RX demo

QO
e 117

o O~ W N B

Open GQRX (ggrx -r)

Open Devices Menu (or auto popup)
Select USRP device

Set 2 MS/s sample rate

Set 2 MHz Bandwidth

Click OK

1/Q input

Device

Ettus B200 30AF824 |

Device string

rial=30AF824,type=b200,uhd

Input rate |2000000]| [~ |
Decimation None H
Sample rate 2.000 Msps
Bandwidth 2.000000 MHz -
LNB LO 0.000000 MHz z
Audio output

Device Default B

Samplerate 48kHz [

Cancel | (el

O Research”

A National Instruments Company
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In Main GQRX window, click "“Play” button : : . :
rune to 515 i Y=L - I PR

Under “Input controls” tab set Gain to 50-70dB

Select proper Antenna 9 1 5 - 0 0 O 0 0 O MHz

s w DR

PGA gain S — 50.0 dB
Swap 1/Q No limits
DC remove 1Q balance
Freq. correction 0.0 ppm "

Antenna TX/RX d |

Receiver Options ~ FFT Settings 135



gr'palnt - RX demO | Ettu§ o7 TT
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1. Under “FFT Settings” tab set:

06 FFT Settings
FFT Size: 65536
IFFTsize 65536 2 RBW: 30.5 Hz l
Rate 25 fps k2 Overlap: 0%
Adjust Pandapter to the left to make Waterfall larger, FFT smaller Time span  Auto [ Res: - s
Averaging
dB Range to ~ 100 dB |Pandapter— WF |
Peak Detect Hold
Ref. leve| = 0 dB
| dB range 101 dB |
Zoom 1x
R C D
Color [ ] White Fill

Input controls Receiver Options W 136



Demo - gr-paint

e P11

Options
1D: paint_tx
Generate Options: QT GUI

Variable
ID: samp rate
Value: 2M

Variable
1D: frequency
Value: 915M

File Source
File: marcy.bin
Repeat: Yes

Device Arguments: bl..=32768
Sample Rate (sps): 2M

Cho:
Cho:
Cho:
Cho:
Cho:
Cho:
Cho:
Cho:
Cho:

osmocom Source

Frequency (Hz): 915M

Freq. Corr. (ppm): 0
DC Offset Mode: Off

1Q Balance Mode: Off I
Gain Mode: Manual

QT GUI Waterfall Sink
FFT Size: 4.096k

Bandwidth (Hz): 2M

Center Frequency (Hz): 915M

RF Gain (dB): 3
IF Gain (dB): 0
BB Gain (dB): 3
Bandwidth (Hz): 2.5M

Image File Source
Image File: ...ser/boston.png
Flip image?: Yes
ITU-R BT.709: Yes
Invert brightness?: No
"Enhance" contrast?: No
Repeat: Yes

Spectrum Painter
Image Width: 1.92k
Line Repeats: 16
Sin(x)/x Equalization: Off

Stream to Vector
Num Items: 4.096k

OFDM Cyclic Prefixer
FFT Length: 4.096k
CP Length: 512

Rolloff: 0
Length Tag Key:

File: marcy.cfile
Unbuffered: Off
Append file: Overwrite

File Sink

QT GUI Waterfall Sink
FFT Size: 4.096k
Center Frequency (Hz): 915M
Bandwidth (Hz): 2M

UHD: USRP Sink
Device Address: sen...8000000
Samp Rate (Sps): 2M
ChO: Center Freq (Hz): 915M
ChO: Gain Value: 75
ChO: Antenna: TX/RX
TSB tag name:

Research”

A National Instruments Company
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Signal ldentification Resources ews 077
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- SpectrumWiki - http://www.spectrumwiki.com/Index.aspx © A Natiora Instruments Company

| - SpectrumWiki ™

Lﬁi_nMiStJ
The Radio Spectrum. Online.

Frequency:

—mmmm—

WELCOME TO SPECTRUMWIKI

SpectrumWiki.com is an aggregate of information about the
radio spectrum and its many uses. On a band-by-band basis, UNITED
SpectrumWiki.com contains: STATES

o Allocations FREQUENCY
o Pertinent regulatory footnotes ALLOCATIONS mm
e FCC rule parts e
e U.S. spectrum auction revenue
e Engineering data

Additional information about the radio spectrum is contributed
on a crowd-sourced basis through a wiki environment, including:

e Spectrum usage (systems and applications)
e Regulatory and legislative actions

e Band plans

e Spectrum measurements

o Historical data

v

and more. Please see below for more information about contributing to SpectrumWiki.
LATEST WIKI ENTRIES

Here are a few of the latest new and modified entries in SpectrumWiki:

Terminal Doppler Weather Radar

PMR446 and dPMR446

Globalstar (MSS, ATC, & TLPS)

ESA Sentinel-1 Satellite C-band Synthetic Aperture Radar (C-SAR)

139
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- http://www.sigidwiki.com/wiki/Signal Identification Guide

FREQUENCY BANDS

CATEGORIES

LA

mon/Active
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Signal Identification Resources

o

SIGIDWIKI.COM

SIGNAL IDENTIFICATION GUIDE

navigation
« Home Page
» Al identified Signals
» Unidentified Signals
» Recent changes
» Random page
« Add a Signal Entry
= RTL-SDR Blog
= Artemis 2

search

E Go
Search

frequencies
Vi
.t
MF
oHF
* VHF
« URF

categories

= Navigation
= Common/Active
= Rare/lnactive.

» Amateur Radio

» Trunked Radio

« Numbers Stations
» Commercial

» Utiity

« Time

tools
» What links here
« Related changes
= Special pages
» Printable version
» Permanent link
» Page information
» Browse properties

create account 3 log in

page | [ discussion | [ editwith form | [ edt |  Fistory

Automatic Dependent Surveillance-Broadcast (ADS-B)

Automatic Dependent Surveillance-Broadcast (ADS-B) is used by aircraft as an altemative to secondary radar. It broadcasts GPS position (latitude, longitude),
pressure, altitude, calsign, as well as track and ground speed separated into messages carrying 10 bytes of data each. ADS-B uses PPM to transmit data.

Automatic Dependent Surveillance-
Broadcast (ADS-B) & Mode A/C/S
Transponders

There are two types of ADS-8:

= one that transmits at 1090 MHz using the mode-S extended squitter (downlink format 17) of the SR transponder, with about 50 kHz of bandwidth; (Worldwide)
= one that transmits at 978 MHz (UAT, Universal Access Transceiver), using a larger bandwidth of about 1.3 MHz and also transmitting weather data. (US Only)

Contents [hide]

15amples

2 Frequencies

3 Decoding Software

4 Decoding, Pltting, and Sharing Software
5 Decoding Tutorials

6 Antennas

7 Video Examples

8 Additional Links

9 Additional Images

Frequencies 1090 Mz 1030 MH2,978 Mz

Samples  fedit] Frequency 978 Mtz - 1090 MHz

Range
AM Mode (Only to hear, you cannot decode from these) Mode RAW
Modulation PPH
> e 0:00 <
Ack -
Emission  —
> e 000 < Designator

Bandwidth 50 kHz

Frequencies (edit) Location  Woridwide

= Mode-S extended squitter: 1090 MHz: Short ADS-8 is used by aircraft to broadcast
Description  tracking information and identification
= UAT: 978 MHz.

Interrogator: 1030 MHz

VQRaw  Dounlosd
Recording
Decoding Software (editl Audio
sample »

Professional Software

» Rohde&Schwarz CA1008
Decoding, Plotting, and Sharing Software tedit

= adsbscope @ Supports several hardware and software decoder arrangements. (Free) (Windows)

» C0c0a1090 & RTL-SDR-based (Free) (Mac 05 X)

= Dump10904 DUMP1090 is a Mode S decoder specifically designed for RTLSDR devices. It can interface with a large number of devices including RTL dongles, Kinetic SBS1/SBS3 products, and more (Free) (Mac/Linux)

= FlightAware 3 provides free licenses for PlanePlotter (above) in exchange for feeding data to FlightAware. Users receive free premium accounts and can track ADS-8 participation @ (Free) (Windows, Linux, Raspberry Pi
(based on dump1090), and Android)

« Flightradar248 Users are entitled to a Premium account on the Flightradar24 tracking site in exchange for sharing ADS-B data. ADS-B data is sent to their servers, and is plotted on their web site on a Google-based
map. Users in sparse coverage areas may be eligible to receive ADS-B monitoring equipment from Flightradar24 in exchange for an agreement to share ADS-B data. (Free) (i0S, Android)

« Modesdecod?

= MultiPSK @ Includes mode s ADS-B

= Open€ard

= OpenEar (YouTube) &

» PlanePlotter @ RTL-SDR and multiple receivers supported. Plots, shares, and can feed other software. The de facto standard software package for decoding ACARS/ADS-B/Mode S/HF Selcal, sharing, plotting, alerting,
multlateration, and Beamfinding. (Free for 30 days, then Paid. Free licenses available via FlightAware @) (Windows)

= SDRangel plugin for ADS-B3

= Virtual Radar Server & Decodes from several ADS-B receivers or can accept networked data feed. Serves a Google Maps-based display of aircraft positions and flight list. (Free) (Windows)

Decoding Tutorials tediti

= RTL-SDR Tutorial: Cheap ADS-B Aircraft RADARG
» DuMP1090 Android Tutorial @

Antennas [edit)
ADS8 is vertically polarized. High gain antennas such as collinear antennas with gain directed towards the horizon tend to work well. Other antennas like 1/4 wave ground planes and J-Poles also work well

Video Examples tedit)

O Research”

A National Instruments Company
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Signal Identificat

SIGIDWIKL.COM

SIGNAL IDENTIFICATION GUIDE

navigation
= Home Pa
= Al dentified Signals
« Unidentifed Signals
= Recent changes

= Random page

= Add a Signal Entry
= RTLSDR Blog

« Artemis 2

search
st o
Search
frequenies
aviF
i3
aME

VHE
- UHF

categories
« Miltary
« Aviation
= satelite
= Radar
= Marine
« Navigation
= Commonyictive
= Rarefinactive:

«Time
tools

« What lnks here
ated changes
= Specal pages
= Printable version

= Browse properties

lIon Resources

page | [ iscussion | [ editwith form | [ edit | | Pist

reate account & login

FM Broadcast Radio

Commercial Broadcast FM radio stations. Used for the broadcast of many different radio programs, including music. news, sports, weather, and talk shows.
Bandwidth for Mono FM is 19 kkz, with a stereo stream it raises up to 54 iz f there is RDS the bandwidth s 59 kHz, and if DARC is present it is 92 kiz
‘There are a number of variations on the subcarrers that are placed on some FM Broadicast channels. RDS (RBDS in North America), and DARC are some of the data-

4 to transmit broadcast. includes station name, details of curent programming, alerts, traffic
information, and more. Broadcasting in stereo FM also uses subcarriers for left and right channels.

In addition, in North America, HD Radio by iBiquity (Now part of DTS) in-band on-channel (1BOC) digital radio technology is broadcast on the outer sidebands of some
FM radio stations, They have a distinctive look, two plateaus flanking the main FM analog signal

Contents e
1 North America
1.1 Sidebands
1210 Samples
2frequencies
3 Subcarriers
oding Software
5 Video Examples
6 Adtonal Links

Frequences 65 2108 MHz
Frequency 65 iz - 108 MHz

Range
7 Additional Images Mode W
Modulation Fit
North America teditt Ack &
&
idebands (edit) Designator
Here s a diagram showing the that exist on North " Bandwidth 35 ke 108 k2,118 ke 184 k2200 kiz

Location  Wiordice

Short  Commercial Broadcast FM radio stations

Description Used for the broadcast of many different
radio programs, including music, news,
sports, weather, and talk shows.

V0 Raw 8
Recording
Mono Stereo Audio Aud
udio Left- Right e )
Left + Right Sample > <«
19z
stereo
piot Audio subcarrer  Audio subcarrier
(10%) Reps  (10%) (10%)
(5%)
0 57
30 52 3 sk @ %
He Wz iz Kz iz iz Wz

And this is a MPX extracted sample from a radio station in the United States for comparison:

o A"'m,., o Y

1Q Samples (el

Here are 51Q samples of the MPX Multiplexed FM spectrum.
Frequencies fesitl

= Common - B7.5 to 108 MHz
= OIRT - 65 MHz to 74 MHz
= Japan - 76 MHz to 90 MHz

Subcarriers fedit

Data Subcarriers Stereo FM Pilots

O

i

o | L B (S (S~

O Research”
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Broadcast FM Spectrum

Ettus 07

o
>
™
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Mon_o Stereo Audio
Audio Left - Right
Left + Right
19kHz
stereo
pilot DirectBand Audos subcarrier
(10%) RBDS (10%) (10%)
(5%)
| | ||
0 57
30 15 23 38 53 k?8265 67.65 92 99
Hz kHz kHz kHz kHz : kHz kHz kHz

kHz
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Broadcast FM Spectrum s 0000

O
O  Research”

A National Instruments Company

O o O

Multiplexed Main-Channel Program Signal: 20Hz — 53kHz
s A
Unrestricted Subcarrier Range: 54kHz — 99kHz
i T
Mono-compatible L—R ‘Stereo Difference’ component
L+R ‘Stereo Sum'’ of the stereo program signal. RDS/RBDS Typical analog 'SCA’ audio
component of the Data Subcarrier program subcarriers
stereo program Stereo
signal. Pilot
Tone Lower 38kHz Upper 38kHz
-3 Sideband Sllelcloinlel Y A
i + T
9+/o .F'é;/; ‘|(i/o N
| | | | | |
0 15k 19k 23k 38k 53k 57k 67k 92k 100kHz
The FM-Stereo Baseband
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FM Radio Broadcasting s 0977
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- Commercial FM radio is usually between frequencies 87.8 and 108.0 MHz (USA/Canada)
- 101 channels total
- Channels are 200 KHz wide, aligned to a multiple of 100 KHz
- The FCC physically spaces local FM channels 400 KHz apart
- In USA and Canada, only odd multiples are used
- In parts of Europe, India, and Africa, even and odd multiples are used
- The maximum permitted frequency error of the unmodulated carrier is specified to be within 2000 Hz of the assigned frequency

- System was originally mono, and stereo was added later in 1960s
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RDS / RBDS Bttus 077
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RDS is the Radio Data System, created in 1984
- Inthe USA, known as Radio Broadcast Data System (RBDS)
- Standard for embedding small amounts of digital data into commercial FM broadcasts

- RDS transmits time, station identification, programme information, and radio text (currently-playing
song title and artist)

- 4 KHz-wide BPSK signal, data rate of 1187.5 bits per second, on a 57 KHz sub-carrier
- The sub-carrier is set to the third harmonic of the 19 KHz stereo pilot tone
- There are exactly 48 cycles of the sub-carrier during every data bit

- Uses CRC for error correction
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RDS Information Fields Btus 0777
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- AF (alternative frequencies) -- This allows a receiver to re-tune to a different frequency providing the same station when the first signal becomes too weak (£ (L
A National Instruments Company

(e.g., when moving out of range). This is often used in car stereo systems.
- CT (clock time) -- Can synchronize a clock in the receiver or the main clock in a car. Due to transmission vagaries, CT can only be accurate to within 100 ms of UTC.
- EON (enhanced other networks) -- Allows the receiver to monitor other networks or stations for traffic programmes, and automatically temporarily tune into that station.

- Pl (programme identification) -- This is the unique code that identifies the station. Every station receives a specific code with a country prefix. In the US, Pl is determined by applying a formula to the station's
call sign.

- PS (programme service) -- This is simply an eight-character static display that represents the call letters or station identity name. Most RDS capable receivers display this information and, if the station is
stored in the receiver's presets, will cache this information with the frequency and other details associated with that preset.

- PTY (programme type) -- This coding of up to 31 pre-defined programme types (e.g., in Europe: PTY1 News, PTY6 Drama, PTY11 Rock music) allows users to find similar programming by genre. PTY31
seems to be reserved for emergency announcements in the event of natural disasters or other major calamities.

- REG (regional) -- This is mainly used in countries where national broadcasters run "region-specific" programming such as regional opt-outs on some of their transmitters. This functionality allows the user to
"lock-down" the set to their current region or let the radio tune into other region-specific programming as they move into the other region.

- RT (radio text) -- This function allows a radio station to transmit a 64-character free-form text that can be either static (such as station slogans) or in sync with the programming (such as the title and artist of
the currently playing song).

- TA, TP (traffic announcement, traffic programme) -- The receiver can often be set to pay special attention to this flag and, for example, stop the tape/pause the CD or retune to receive a traffic bulletin. The TP
flag is used to allow the user to find only those stations that regularly broadcast traffic bulletins whereas the TA flag is used to signal an actual traffic bulletin in progress, with radio units perhaps performing
other actions such as stopping a cassette tape (so the radio can be heard) or raising the volume during the traffic bulletin.

- TMC (traffic message channel) -- Digitally encoded traffic information. Not all RDS equipment supports this, but it is often available for automotive navigation systems. In many countries only encrypted traffic
data is broadcast, and so an appropriate decoder, possibly tied to a subscription service, is required to use the traffic data.
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FM Receiver in GRC

Options
ID: wbfm_rx_commercial
Title: WBFM Com...al Receiver
Author: Ettus Research
Description: WBFM ...Receiver
Generate Options: QT GUI

Variable
ID: samp_rate
Value: 5M

QT GUI Range
1D: rf_gain
Label: RF Gain
Default Value: 0
Start: 0

Stop: 25

Step: 1

QT GUI Range
1D: freg
Label: Freg
Default Value: 38M
Start: 88M
Stop: 108M
Step: 100k

Variable
ID: audio_rate
Value: 48k

Variable
ID: device _string
Value: type=b200

UHD: USRP Source
Device Arguments: type=b200
Samp Rate (Sps): 5M
[ Ch0: Center Freq (Hz): 95M
ChO: Gain Value: 0
ChO: Antenna: TX/RX

Low Pass Filter
Decimation: 20
Gain: 1
Sample Rate: 5M
Cutoff Freq: 100k
Transition Width: 10k
Window: Hamming
Beta: 6.76

g |

QT GUI Frequency Sink
FFT Size: 1.024k
Center Frequency (Hz): 98M
Bandwidth (Hz): 5M

[I-]l| Quadrature Rate: 250k P’I

WBFM Receive

Audio Decimation: 10

Rational Resampler
Interpolation: 48
Decimation: 25

Taps:

Fractional BW: 0

Location: ~/ettus workshop/flowgraphs/wbfm rx commercial.grc

Multiply Const
I Constant: 500m

Audio Sink
Sample Rate: 48k

QT GUI Range
ID: audio_gain
Label: Audic Gain
Default Value: 500m
Start: 0
Stop: 1
Step: 100m

Wav File Sink
File: wbfm_output.wav
Sample Rate: 48k
Bits per Sample: 8

Research”

A National Instruments Company
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FM Receiver in GRC (ISM CEtus 0777
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Location: ~/ettus workshop/flowgraphs/wbfm rx ism.grc ol

Options
1D: whfm_rx_ism
Title: WEFM Receiver ISM
Author: Ettus Research
Description: WBFM ...ISM Band
Generate Options: QT GUI

QT GUI Frequency Sink

ID: device string
Value: type=b200

Variable Stop: 1
1D: audio_rate Step: 100m
Value: 48k
Variable

UHD: USRP Source FFT Size: 1.024k

Variable Device Arguments: type=b200 Center Frequency (Hz): 915M
ID: samp_rate D Samp Rate (Sps): 5M Bandwidth (Hz): 5M
Value: 5M ChO: Center Freq (Hz): 915M

ChO: Gain Value: 0

QT GUI Range ChO: Antenna: TX/RX
ID: rf_gain
Label: RF Gain
:::::I;Value: 4 Low Pass Filter
Stop: 25 :::l:l:n:thn: i Rational Resampler
Step: 1 Sample Rate: 5M WBFM Receivlre Interpolation: 48 Multiply Const Audio Sink

QT GUI Range I :“t“ﬁi;:eﬂ‘:vt;t'o: o :::r::::;:: ZISDDk hiia Constant: 500m Sample Rate: 48k

ransition =
::;f::qﬁeq Window: Hamming Frachonal S: Wav File Sink
Default Value: 915M CEedat QT GUI Range File: whfm_output.wav
Start: 905M 1D: audio_gain Sample Rate: 48k
Stop: 925M Label: Audio Gain Bits per Sample: 8
Step: 100k Default Value: 500m
Start: 0
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FM Transmitter in GRC (ISM)

Ettus 9

Location:

Options
1D: wbfm_tx_ism
Title: WEFM Transmitter ISM
Author: Ettus Research
Description: WEFM ...ISM Band
Generate Options: OT GUI

Variable
ID: samp_rate
Value: 5M

Variable
1D: audio_rate
Value: 48k

Variable
ID: center_freq
Value: 915M

Variable
1D: device_string
Value: type=b200

~/ettus workshop/flowgraphs/wbfm tx ism.grc

Wav File Source

Repeat: Yes

File: .../flowgraphs/wavl.wav

»

WBFM Transmit
Audio Rate: 48k
Quadrature Rate: 192k
Tau: 75u
Max Deviation: 75k
Preemphasis High Corner Freq: -1

Rational Resampler
Interpolation: 26
Decimation: 1

Taps:

Fractional BW: 0

Signal Source
Sample Rate: 5M
Waveform: Cosine
Frequency: 0
Amplitude: 142.857Tm
Offset: 0

O

O Research”

o ©

A National Instruments Company

|: Samp Rate (Sps): 5M

UHD: USRP Sink
Device Arguments: type=b200

ChO: Center Freq (Hz): 915M
ChO: Gain Value: 0

ChO: Antenna: TX/RX

TSB tag name:

QT GUI Range
1D: rf_gain
Default Value: 0
Start: D

Stop: 25

Step: 1
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Out-of-Tree Module Installation: gr-rds fws 0009
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sudo apt-get install liblog4cpp5-dev
git clone https://github.com/bastibl/gr-rds.git
cd gr-rds
mkdir build && cd build In GRC, open:

~/ettus_workshop/flowgraphs/rds rx.grc
cmake ../ - Verify correct antenna under Options Block
make -3j4 - Start flowgraph

- Tune to strong station with RDS
- Adjust Gain slider if needed

sudo make install

sudo ldconfig
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FM RDS Receiver in GRC - Part 1

Ettus 00 ¢ :

Location: ~/ettus workshop/flowgraphs/rds rx.grc

Options
10: rds_rx 1D: nb
Title: Stereo F..RDS Decoder | | yap

WX GUI Notebook

Import
Import: math

Generate Options: WX GUI

Grid Position:

Labels: 88", 'Demod’, 'L

Top

2,012

Variable
1D: samp_rate
Value: 1M

Variable
1D: freq_tune
Value: 96.75M

UHD: USRP Source
Samp Rate (Sps): 1M
ChO: Center Freq (Hz): 96.75M
ChO: Gain Value: 20
ChO: Antenna: TXRX

Frequency Xlating FIR Filter
Decimation: 1

Taps: firdes.low_pass(L, s
Center Frequency: 250k
Sample Rate: 1M

WX GUI FFT Sink
Title: Baseband
Sample Rate: 1M
Baseband Freq: 0
Y per Div: 10 dB
¥ Divs: 10
=[] Ref Level (aB): -30
Ref Scale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 15
Average Alpha: 800m
Notebook: nb, 0
Freq Set Varname: None

WX GUI Slider WX GUI Slider

1D: gain 1D: freq

Label: RF Galn Label: Freq
Default Value: 20 Default Value: 97M
Minimum: 0 Minimum: 88.1M

Maximum: 49.6
Converter: Float
Grid Position: 0,0, 1,1

Maximum: 107.9M
Converter: Float
Grid Position: 1,0, 1,2

WX GUI Slider
1D: volume
Label: Volume
Default Value: 0
Minimum: -20
Maximum: 10
Converter: Float
Grid Position: 0. 1,1, 1

‘WX GUI Waterfall Sink
Title: Waterfall Plot
Sample Rate: 250k
Baseband Freq: 0
Dynamic Range: 100
_>. Reference Level: 0

Ref Scale (p2p): 2
FFT Size: 512
FFT Rate: 15
nb, 8

WBFM Receive

Freq Set Varname: None

Decimating FIR Fliter

Rate: 1M

Audio Decimation: 4

RTL-SDR Source
Sample Rate (sps): 1M
ChO: Frequency (Hz): 96.75M

Variable Variable Variable Variable
1D: baseband_rate | | 1D: bb_decim | | ID: freq offset | | ID: xiate_bandwidth
Value: 250k Value: 4 Value: 250k Value: 100k

Cho: Freq. Corr. (ppm): 0

WX GUI FFT Sink
Title: FM Demod
Sample Rate: 250k
Baseband Freq: 0

¥ per Div: 10 6B

¥ Divs: 10

—>. Ref Level (dB): 0

ChO: DC Offset Mode: Off

ChO: 1Q Balance Mode: Off I
ChO: Gain Mode: Manual
ChO: RF Gain (dB): 20
ChO: IF Gain (dB): 20
ChO: BB Gain (dB): 20

e Variable

1D: audio_decim _rate
1D: audio_decim | | o o
Value: 5 0

WX GUI FFT Sink
Title: RDS

Sample Rate: 48k
Freq: 0

Frequency Xlating FIR Filter
Decimation: 5

Taps: firdes.low_pass(2500...
Center Frequency: 57k
Sample Rate: 250k

¥ per Div: 10 d8
¥ Divs: 10

0 Ref Level (dB): 0

Ref Scale (p2p): 2

FFT Size: 1.024k

Refresh Rate: 15

Notebook: nb, 5

Freq Set Varname: None

Ref Scale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 15

A4

1
Taps: firdes.complex_band .

Average Alpha: 800m
Notebook: nb, 1
Freq Set Varname: None

Decimating FIR Fllter
Decimation: 1
Taps: firdes.band_pass(1.0...

WX GUI FFT Sink
Title: DSBSC Sub-carrier
Sample Rate: 250k
Baseband Freq: 0

¥ per Div: 10 d8

¥ Divs: 10

Ref Level (dB): 0

Ref Scale (p2p): 2

FFT Size: 1.024k
Refresh Rate: 15
Notebook: nb, 4

Freq Set Varname: None

PLL Ref Out
Loop Bandwidth: 1m
Max Freq: 482.549m
Min Freq: 472.496m

(L $ Research
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WX GUI Scope Sink
Title: Pilot

Sample Rate: 250k
Notebook: nb, 3
Trigger Mode: Auto

¥ Axis Label: Counts

Complex to Imag
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FM RDS Receiver in GRC - Part 2

Ettus

Location: ~/ettus workshop/flowgraphs/rds rx.grc

WX GUI Scope Sink
Title: Scope Plot

WX GUI FFT Sink
Title: L-R

Sample Rate: 250k
Baseband Freq: 0

¥ per Div: 1068

¥ Divs: 10
>0 rerrever (dB): -50

Ref Scale (p2p): 2

FFT Size: 1,024k
Refresh Rate: 15
Notebook: nb, 6

Freq Set Varname: None

N
S

Decimating FIR Filter
Decimation: 5 -
Taps: firdes.low_pass(1.0,

Decimating FIR Filter
Decimation: 5
Taps: firdes.low_pass(1.0,

WX GUI FFT Sink
Title: L+R
Sample Rate: 50k
Baseband Freq: 0
¥ per Div: 10 8

¥ Divs: 10
B reriever (dB): 0
Ref Scale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 15
Notebook: nb, 2
Freq Set Varname: None

Root Ralsed Cosine Filter
Decimation: 1

Gain: 1

Sample Rate: 50k

Symbol Rate: 2375k
Alpha: 1

Num Taps: 100

MPSK Recelver
M:2

Theta: 0

Loop Bandwidth: 31.4159m
Min Freq: -60m

Max Freq: 60m

Mu: 500m

Gain Mu: 50m

Omega: 21.0526

Gain Omega: 1m

Omega Relative Limit: 5m

Rational Resampler

FM
Sample Rate: 50k
Tau: 75u

| Multiply Const
Constant: 316228

Rational Resampler

M
Sample Rate: 50k

Tau: 750 S

i Multiply Const

: 316228

Decimation: 50k

Sample Rate: 2375k
I V Scale: 400m

XY Mode: On
Notebook: b, 7
Trigger Mode: Auto
¥ Axis Label: Counts

‘ Complex To Real '_.‘ Binary Siicer

Variable
1D: audio_rate
Value: 48k

Audio Sink
Sample Rate: 48k

vy

N:2

F-

Differential Decoder
Modulus:

RDS Decoder
Log: Disable
Debug: Disable

5

O

-0

e 117
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RDS Parser
Log: Enable

Debug: Disable
PTY Local
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Out-of-Tree Module Installation: gr-rds

e 117

RF Gain:  24.8 Volume: |0
= jy S
Freq: |97.1M
BB | Demod L+R Pilot DSBSC RDS L-R RDS constellation Waterfall
Baseband - Trace Options
30 ["] Peak Hold
o 1 & Average
II[ 'JH Avg Alpha: 0.8000
-50 | | _—
r i - :
-60 | [] Persistence
!
\
a 10 r'ﬂ'r
g Iy -
§ -80 ”] ]"f [] Trace A |Store
o V
2 .90 1‘|[ﬁJl .ﬁf' [] TraceB | Store
-100 F l Axis Options
-110 | H dB/Div: +
f Level: +
-120 ‘ J | ‘.|‘ ﬁ Re
b
130 L1t ,Lr!l PUL it Ah Aﬂm .IJ,L I “ﬁi li h PETEN R Autoscale
-500 -400 -300 -200 -100 0 100 200 300 400 500
Frequency (kHz) Stop
Frequency 97.10 stationNname [DOL Program Type
Music  Stereo

Clock Time 20.01.2016, 00:47 (-8.0h)

REBEL YELL

Radio Text

Alt. Frequencies 97.10MHz

BILLY IDOL
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A National Instruments Company

154



FM RDS Transmitter in GRC

Ettus

e 117

Location: ~/ettus workshop/flowgraphs/rds tx.grc

Options
1D: rds tx
Generate Options: WX GUI

mport
Import: math

O

Socket PDU
Type: TCP Server
Host:

Port: 52001
MTU: 10k

,’D

RDS Encoder
PTY Locale: Europe
PTY: Serious Classical / Jazz
MS: Music
PS: WDR 3
AF1: 89.8M

PI Coverage Area: Supra-regional

Pl Program Reference Number: 147

Radiotext: GNU Radio <3

Modulus: 2

-1

-

-t

Map: 1,2

i R

Variable Variable Variable Variable WX GUI Slider WX GUI Slider WX GUI Slider WX GUI Slider WX GUI Text Box
1D: freq 1D: usrp_rate | | 1D: outbuffer | | ID: fm_max dev | | ID: input_gain 1D: stereo_gain 1D rds_gain 1D: pilot_gain 1D: ps.
Value: 87.5M | | Value: 380k | | Value: 10 Value: 80k Default Value: 300m | | Default Value: 300m | | Default Value: 270m | | Default Value: 90m | | Label: PS
Minimum: 0 Minimum: 0 Minimum: 0 Minimum: 0 Default Value: WOR 3
10 3 3 3 Converter: String
Converter: Float Converter: Float Converter: Float Converter: Float
Differential Encoder Map Repeat

Char To Float i
i1 _ >

Interpolation: 160

Low Pass Filter

Interpolation: 1
Gai

Audio Source
Sample Rate: 48KHz

Wav File Source

Window: Hamming
Beta: 676

in: 1
Sample Rate: 380k
B cuton Freq: 2.5 I ‘
Transition Width: 500

Signal Source
Sample Rate: 380k
Waveform: Sine
Frequency: 19
Amplitude: 1
Offset: 0

=

Rational Resampler
380

Multiply Const
Constant: 300m

Decimation: 48

Taps:
Fractional BW: 0

Rational Resampler

Muitiply Const
’i Constant: 300m __>

Fractional BW: 0

Signal Source
Sample Rate: 380k
0 Waveform: Sine

Frequency: 57k
Amplitude: 1
Offset: 0

]

ly Const
Constant: 270m

Add

Low Pass Filter
Interpolation: 1
Gain: 1
i Sample Rate: 380k

Cutoff Freq: 15k
Transition Width: 2k
Window: Hamming
Beta: 6.76

WX GUI FFT Sink
Title: FFT Plot
Sample Rate: 380k
Baseband Freq: 0
¥ per Div: 20 dB
[f] voivs: 10
Ref Level (dB): 0
Ref Scale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 30
Freq Set Varname: None

Frequency Mod
Sensitivity: 132278

Rational Resampler
Interpolation: 100
Decimation: 38

Taps:
Fractional BW: 0

Low Pass Fi
Interpolation: 1
Gain: 1

Cutoff Freq: 15k

| Sample Rate: 380k

Transition Width: 2k
Window: Hamming

Multiply

Waveform:
Frequenc
Amplitude: 1
Offset: 0

M

Signal Source
Sample Rate: 380k

osmocom Sink
Sample Rate (sps): 1M
Cho: Frequency (Hz): 87.5M
Cho: Freq. Corr. (ppm): 0
Cho: RF Gain (dB): 10

Cho: IF Gain (dB): 30

Cho: BB Gain (dB): 20

UHD: USRP Sink
Samp Rate (Sps): 1M
Cho: Center Freq (Hz): 87.5M
ChO: Gain Value: 40

TSB tag name:
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Supported Hardware & Software e 0°°0
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e Supported Hardware ©o00

o Depends on processing load and I/Q data rates
o Inteli7 ori9 CPU is ideal
m  Minimum 3.0 GHz clock speed, 6 cores
o Intel i3 and i5 can work too (with lighter loads and lower sampling rates)
o  Apple M1 CPU in macOS 11, 12
m Performance results pending
o Raspberry Pi 3 and 4 on ARM CPU (with lighter loads and lower sampling rates)
e Supported Software
o Linux is the de-facto “standard” operating system
m  Most development done on Linux, most users on Linux
m  Ubuntu and Fedora
m Installation guides on Ettus and GNU Radio websites
o  Apple macOS also works well

o  Windows support lacking but improving, use scripts from Geof Nieboer
| http://www.gcndevelopment.com/gnuradio/index.htm
[ | https://github.com/gnieboer/GNURadio_Windows_Build Scripts
o  Conda from Ryan Voltz at MIT Haystack
[ | https://github.com/ryanvolz/radioconda

[ https://wiki.gnuradio.org/index.php/CondaInstall
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Technical Resources s 00 00
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GNU Radio Documentation and Wiki: ©00©

- https://wiki.gnuradio.org/index.php/Main_Page
Ettus Research Knowledge Base (KB) and Application Notes:
- https://kb.ettus.com/
- https://kb.ettus.com/Application_Notes
USRP and UHD User Manual:
- http://uhd.ettus.com/
- http://files.ettus.com/manual/ - "The Scientist and Engineer's Guide to DSP" by
Additional Resources on the KB: Dr Steven Smith:
- https://kb.ettus.com/Suggested Videos - http://www.dspguide.com/
- https://kb.ettus.com/Suggested Reading
PySDR by Dr Marc Lichtman:
- https://pysdr.org/
Wireless Pi Blog by Dr Qasim Chaudhari:

- https://wirelesspi.com/ .



Getting Help and Technical Support fts 0009
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04 O
- Direct email address
- support@ettus.com
- Mailing lists usrp-users and discuss-gnuradio
- https://kb.ettus.com/Mailing Lists
- GNU Radio Matrix Chat Server
- https://chat.gnuradio.org/
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Upcoming SDR Events

- GNU Radio Conference 2022 (GRCon 2022)

Week of September 26 to 30

- Tuesday, Wednesday, Thursday are the primary technical days
Venue is the Hilton Hotel in Washington DC
The videos for the 2015, 2016, 2017, 2018, 2019, 2020, 2021 events are archived online
https://www.youtube.com/c/GNURadioProject/playlists
https://events.gnuradio.org/e/grcon22

- Other relevant events:

https://kb.ettus.com/SDR_Events

FOSDEM: https://fosdem.org/2022/
NEWSDR: http://www.sdr-boston.org/
Cyberspectrum: https://www.meetup.com/Cyberspectrum/about/

SDRA: https://2022.sdra.io/

O
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