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V What is NTMS £

* An organization formed in 1986 but
existing as a group of locals interested In
microwave since about 1980. > 35 Years!

* Focused on radio activity above 902 MHz.

 Lots of interest in building equipment,
radios, testing, and operating equipment.

* A lot of sharing of equipment, ideas, and
methods to operate with minimum
Investment.
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Microwave Operation &

» Operation is typically scheduled or the result
of a contest.

 Every operation event is a experiment,
learning, and growing experience to prove
your equipment and skills.

« Beacons are an important asset. With
beacons you can test your radio and
antenna. The Beacon list is on the
NTMS.ORG Website

 Frequency reference that is stable is best but
not essential when SDR technology Is used.
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Microwave Technology §§

* Antennas
—Yagis Dish Feed Horns Waveguide

— Typically smaller higher gain narrow beam
angle

— NTMS guidance with plans and methods

— WASVGB Kent is a legend and has given
many years of help and support to making
and measuring antennas.

— Every Ham loves to work on antennas
— Learning at one HAND wavelengths is easier

Microwave



ﬁ Review of Using a Raspberry Pi &

* Which Raspberry Pi and Purchase
Options

* The Ubuntu Mate Operating System and
Linux

« RTL-SDR dongles

« Spectrum and Logging Spectrum
Programs

* Microwave Examples
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CanaKit Raspberry Pi 2 with WiFi and 2.5A Power
Supply (UL Listed)

by CanaKit
LY yryYr ¥ 14 customer reviews

Note: This item is only available from third-party sellers (see all offers).
Available from these sellers.

» New Raspberry Pi 2 (RPi2) Quad-Core 900 MHz 1GB RAM

o CanakKit WiFi Adapter / Dongle (Ralink RT5370 chipset)

o CanakKit 2.5A Micro USB Power Supply (UL Listed) specially designed for the
Raspberry Pi 2 (5-foot cable)

o CanaKit Raspberry Pi Quick-Start Guide

1 new from $69.99

CJ Report incorrect product information.

Pi2 ModelBV 1.1
Or
Pi3




V Ubuntu Mate £

* Linux Operating System modified for the
Raspberry PI - ARM Processor.

* Works just like Linux on other computers.
« Supports Remote Desk Top connections.

* Be careful with available memory. Limited
to the SD memory card used.
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V Getting Started £

* When you receive your Pi use an HDMI to
connect the Pito a TV. If you have one
connect a USB keyboard and mouse. Plug
In the mini SD card. Connect the Wi-Fi
Interface or a network cable to your router.

 Make sure the TV is turned on and set to
the proper Input. Then power up the Pi
and watch the text and graphics as it
boots.
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Graphics Interface vs. Command R
Line
* You can accomplish a lot with the GUI.
Mouse around and learn what is available.

 Learn to use the command line interface.

« Search for information on how to do things on
the internet.

* Using the command line interface use "man
command_name” to see instructions on how
to use any command

* Buy a book on Ubuntu (Any book) at Half
Price Books. Typically < $5. Use this for
command reference.
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A AR R oY e B AN AT

@ Applications Places System ) — ThuJan19, 14:33 (Y Society

bstricklin’s Home

e bstricklin@BBQbeef: ~
§ File Edit View Search Terminal Help

"'“bstricklin@BBQbeef:~$ /sbin/ifconfig

enxb827ebfcffed Link encap:Ethernet HWaddr b8:27:eb:fc:ff:ed
inet addr:192.168.7.77 Bcast:192.168.7.255 Mask:255.255.255.0
inet6 addr: fe80::ba27:ebff:fefc:ffed/64 Scope:Link
UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1
RX packets:2712218 errors:0 dropped:0 overruns:0 frame:0
TX packets:759076 errors:® dropped:® overruns:0 carrier:0
collisions:0 txqueuelen:1000
RX bytes:374653068 (374.6 MB) TX bytes:603340606 (663.3 MB)

Link encap:Local Loopback

inet addr:127.0.0.1 Mask:255.0.0.0

inet6 addr: ::1/128 Scope:Host

UP LOOPBACK RUNNING MTU:65536 Metric:1

RX packets:3816159 errors:® dropped:® overruns:0 frame:0
TX packets:3816159 errors:0 dropped:® overruns:0 carrier:0
collisions:0® txqueuelen:0®

RX bytes:3521178150 (3.5 GB) TX bytes:3521178150 (3.5 GB)

bstricklin@eBQbeef:~$ i

Bl ) hekricblinmDDARAGE: [}



Is —I (Directory, -1 gives detail)

Df (disk Free)

Whoami & who (Who is logged in)
Chmod (Set file permisions)

Cp (Copy files)

Passwd (Change a password)
History (History of commands)
Ifconfig (Shows your IP address)
Shutdown —r now (Restarts)

Man (Read info on a command)
Rm (Remove a file)

Find (Find a file)

Pwd (Your current dirrectory)

Tar (archive files — ZIP)

Mount & umount (add a disk drive)
Date (date and time)

Su (Switch Users)

Exit (close session)

Important Linux Commands [ s
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Text Editors — vi, gedit, nano, nedit

If you have trouble with editors cp files to
a thumb drive and edit in Windows and
then copy back. Just work with pure text
files.

Try not to use spaces in file names. Use

_ for a space.

Most Linux commands are in lower case.




Getting the RF into your Pi

" QUICKSTARTSETUP GUIDE:RT-SIRCOASE
RTL2832U R820T2 TCXO

3 D Bias Tee Enatled

SMA Connector USB Connector

Dongle Example

Note: SMA connector with a Bias Tee option for preamp power.
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RTL-SDR Blog R820T2 RTL2832U 1PPM TCXO SMA Software

Defined Radio with 2x Telescopic Antennas
by RTL-SDR Blog

Bl $25.95 /Prime W v 181

B ahaloneid Get it by Tomorrow, Oct 31

&

Product Features
... Includes 1x RTL-SDR Blog brand
R820T2 RTL2832U 1PPM TCXO HF

Bias Tee ...

Electronics: See all 137 items

RTL-SDR Dongle
Example of a package deal on Amazon
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Cleck

A

N AMP AJD

T Converter comPUter
Tower Shack

Most Basic Software Defined Radio - SDR
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« A Two chip solution using a RF Analog chip
— LNA front end with variable gain and external filter
— Mixer
— 2"d stage filter and variable gain amplifier driving output

— A PLL based DDS Oscillator with 12C interface and a 28.8
MHz clock reference

« A digital processor or state machine to provide USB
Interface and control functions for RF chip.

See:nhttp://superkuh.com/gnuradio/R820T _datasheet-
Non R-20111130 unlocked.pdf for a block diagram.

N NN s



North

RTL Dongle

= NTMS

Microwave
Society

TRrT T T
RO o

2015 11 13.
TR A SR

B LR

Clock
A/D Converter Computer
Analog — Gain Adjustment
Reads A/D Converts to USB
format



R RF1 pads to bridge to
have 5V Bias Tee operational.
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Using Raspberry Pi + RTL Ry
To View RF SpeCtl’um o

» After installing necessary programs to run
rtl_power_fftw the following command line
will give you a spectrum view of the band

selected:
rtl_power fftw -f 900M:950M -n 10 -b 512 -c -q | sed -u '/frtl-power-fftw/s/.*/
plot "-"/;/~S/{N;s/*\nS/e/}" | gnuplot
* The frequency range here is 900 MHz to
950 MHz.

* The output of rtl_power_fftw Is piped to
sed and then piped to gnuplot for display.

N NN s



* Rtl power can be used to log RF power in a
defined band of spectrum to a comma
delimited file. The resulting file can be studied

ater of viewed as a JPG or PS file by

processing the data with a program called
neatmap.py. Use the Ubuntu Mate Graphics

Application ‘Eye of MATE Image Viewer'.

» Be careful about filling up your system
memory with large data files. Save data to an

externally mounted thumb drive to be safe.

N NN s
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rtl power -f 96PM:930M:100k /media/users name here/UBUNTU 1/986mhz S$mytime.csv -i 1}

Stop data collection with CTRL C then process file with:

heatmap.py 900mhz_time.csv 900mhz_time.jpg

Then use the Application ‘Eye of MATE..." to view the waterfall type image.
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Example of logging

Threejs-Spectrum (Chrome) (Free) (Related Post)

Chrome 3D Frequency Spectrum for RTL-SDR

To log to a CSV file:

Rtl_power —f 904M:908M:100K /log/filename.csv -1 1 l



GQRP on Pi

O Applications Places System ‘)
e GQrx2.3.1-rti=0

Tools View Help

T ECETEY

1,296.380 000 MHz

ah ’WWM‘NWMWpJM [T SPPRY o R W PR A Soo

WWW.NTMS.ORG
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TL-SDR Applications

http://www.rtl-sdr.com/big-list-rtl-sdr-supported-software/

North
Texas
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13/02/2014 — Added Sodira, gr-wmbus, rtisdr-waterfall, QTRadio, multimon, sdrangel
scanner, rtl_tcp, rtl_sdr_FS20_decoder.

17/02/2014 — Updated the Linrad description.

28/04/2014 — Added Modesdeco and Trunk88.

30/05/2014 — Added RTL Panorama, RTL SDR Panoramic Spectrum Analyzer, Chrome Radio
Receiver, SeeDeR, DAB Player, RTL SDR Installer, PD/Max Wrapper, SDRWeather, LTR
Analyzer, softEOT/softDPU and ScanEyes.

26/07/2014 — Added PiAware, OOK-Decoder, rtl_fm_python, rtl_power heatmap viewer, RTL
Bridge, threejs-spectrum, CANFI Software, PNAIS, FLARM Decoder, Xastir, RTLSDR-Airband,
SDRTrunk.

13/11/2014 — Added Touchstone, RFAnalyzer, RTL1090 XHSI Interface, Parus Decoder,
PIotRTL1090, LRPT Decoder.

05/02/2015 — Added rtl_tool_kit, CubicSDR, OregonWeather, FreqWatch.

15/04/2015 — Added ADSBox, YOuSDR, FlightAware Flight Feeder, Frequensea, Track your
flight EUROPE, QSpectrumAnalyzer, Doppler & Demod, Redsea, rtl_heatmap, gr-gsm, driveby,
SDRecord.

23/12/2015 — Added Remote rtl_udp, AISRec, dump978, AlISDeco2, SDRrecorder,
OpenWebRX, dsame, RTL-Widespectrum, rtl_ais, rtl_gopow, ham2mon, rtl_ais_android,
inmarsatdecoder, spektrum, gtcsdr, rtl_power_fftw, JAERO, GNSS-SDRLIB, SVxLink.




ﬁ Microwave Radio Recelver £

SDR
HF

Loecal
@©S @

Local 50 dB N
oca 0d RTL Pi
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N=100

Spectrum 1.401 GHz to 1.403

GHz

% 192.168.7.77 - Remote Desktop Connection

ppli
Gnuplot window 0

Wed Jan 18, 14:55 ()

62 |

+
-
+ * 7
+ o+ +
s
i 4 n 3 + + +
64 |- H 7 i - + B
L AR W g WO,
r + L +%
i
+ i +ﬁ
66 Ly g o
68 . I I I I I . I I
1.40126+09  1.4014e+09 1.4016e+09 1.4018e+09  1402e+09  140220+09 14024e+09 1.4026e+09 1.4028e+09  1.403e+(

1.401e+09

North
Texas

= NTMS

Microwave
Society

N=10

& 192.168.7.77 - Remote Desktop Connection
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Gnuplot window 0
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3456 MHz

3456 MHz _ _ 155 Mk
or AMP Filter AMP Filter AMP 0 4B z

5760 MHz

ERA1 3X or 1X ERA1 3X ERA1
10 dBm 10 dBm 10 dBm




wn East Microwave Frequency n

= NTMS

Reference - Steve Hicks NSAC
ApolLo

Dowr East Microway
Moot
L
Live Oah
1- 903.100

2- 1296.100
3. 1152.022472

4. 902.100

htti://01895fa.netsolhost.com/PDF/Manuals/VHFApoILO_Oieration._



ﬁ Microwave Radio Recelver £

: AMP Mixer S D R
:  . 4F
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Using Mixer and 3456 Beacon

= NTMS

LO = 2456 = IF = 1000 MHz
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Applications Places System )
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5760 Transverter
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Paul Wade W1GHZ PCBs

Multiband Microwave Transverter for the Rover:
see hitp://www.wighz.org/new/Multiband Rover_Transverter.pdf

1 Microwave
~iciety

Simple, yet "Fool-Resistant" Sequencer, RevisionB $5

Simple Low-cost 5760 MHz Transverter for Rover $11 —— Local Oscillator Board 720 or 756 MHz $12
Transverter Board for 2304 or 3456 MHz 10
MBA-591 Mixer for 5760 Transvert $1 0 ADE-18W mixer for 2304 and 3456 $$5
LO or Personal Beacon for 5760 or 3456 MHz $6 Transverter Board for 1296 (right side up only) $10
uses Power Splitter (Minicircuits TCP-2-25x)  $3
ADE-5 mixer for 1296 or 902 $5
VCXO lock for Microwave LO - flexible version $6 )
with prescaler good to 1.1 GHz Local Oscillator Board 1152 MHz $12
80 MHz version for Multiband Transverter $3 Transverter Board for 902 $10
Flexible VCXO Lock (GPS or other reference) $6 LO Board + one transverter board (choice) $20
Low frequency version (<30 MHz)
LO Board + two transverter boards $29
Modest Power Amplifier (GVA-84) $3.00
two for $5 LO Board + three transverter boards $37
___ ADL5324 Power Amplifier and PGA-103 preamp  $3.50 Relay board (pin and surface mount) out of stock
three for $10 E—

Mixers from Minicircuits (only available with boards):
Panadapter for FT-817 and Funcube Dongle $3.50

ADE-18W for 2304 and 3456 $5
Miniverter-F tiny 144M transverter for Flex-1500 $6
see kits below ADE-5 for 1296 or 902 $5
ADE-2 for VHF and UHF $5
ADE-2 for VHF and UHF $5

Personal Beacon for 10 GHz $6 MBA-591 for 5760 $10




Other Learning Tools and Ry
Possibllities

* |nstalled GNU Radio on Ubuntu MATE
using the command line:

» Apt-get install gnuradio

 After install completes you can launch
with:
Pi~$: gnuradio-companion

N NN s
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GNU Radio Companion Al

Fle Edit View Run Tools Help
2 X &

Options
ID: top_block
Generate Options: QT GUI

G

Audio ]

Boolean Operators ]

Byte Operators ]
Channelizers ]
Channel Models ]
Coding ]

Control Port ]

Variable
ID: samp_rate
Value: 32k

Debug Tools ]

Deprecated ]

Digital Television ]
Equalizers ]

Error Coding ]

FCD ]

File Operators ]
Filters ]

Fourier Analysis ]
GUI Widgets ]
Impairment Models ]

Instrumentation ]

L

Level Controllers ]

| | 0

Math Operators ]

Preferences file: fhome/bstrickling.gre

Block paths:
Jusrflocal/share/gnuradio/gre/blocks
Jusrfshare/gnuradiofgre/blocks
/homeybstricklin/.grc_gnuradio

||

v T v OT O OwT OwT OvOTOTOwTOY Y OT OwT OV YT OT T OvT v v v v v v

Measurement Tools ]
Message Tools ]
Misc ]

Modulators ]

Kl

Shawinn:




Build Help

Options
10z top_block
Tithe: try-1
Author: sumit
Description: try
Generate Options: WX Gt

Variable
10: samp rate
Value: 32k

WX GUI Notebook
10z notedook 0
Tab Orientation: o
Labels: tabl. tab2, tab3

GNU Radio Model

Signal Source

ating: “/home/sumit/Desktopitop_block.py
Generating: "/home/sumit/Desktop/top_block.py*

Executing: "/home/sumit/Desktopitop_block.py”

Construction

00 0 ‘try-l.grc - /home/sumit/Desktop - GNU Radio Companion

 em

WX GUI FFT Sink
Titie: FFT Plot
Sample Rate: 32k
Baseband Freq: [
Y per Div: 10 a8

¥ Divs: 10

Ref Level (dB): 50
Ref Scale (p2p): 2
FFY Size: 1 024k
Refresh Rate: 30

Complex To Float |

=]

"E Num Bins: 27
Frame Size: 1«

WX GUI Scope Sink
Tithe: Scope Plot
Sample Rate: 32k

WX GUI Histo Sink
Tite: Histogram Piot

Trigger Mode: Auto
Y Axis Labek: Courts

WX GUI Waterfall Sink
Title: Waterfall Plot
Sample Rate: 3%
Baseband Freq: 0

4>. Dynamic Range: 100

Reference Level: 50
Ref Scale (p2p): 2
FFY Skze: 512

FFT Rate: 15

Blocks
+ [ Sources
+ [ Sinks ]

+ [ Operators |

+ | Type Conversions )

+ [ Stream Conversions |
+ [ Misc Conversions }

+ [ Synchronizers ]

+ [ Level Contro

+ [ Filters
+ [ Modulators )

+ [ Error Correction |

+ [ Line Coc

+ [ Vocox

jing |

5 ]

+ [ Probes ]

+ [ Variables )

+ [ Misc )

+ [NOAA ]

[ WX GUI Widgets

WX GUI Notebook
WX GUI Check Box
WX GUI Chooser
WX GUI Slider

GUI Static Text

GUI Text Box

GUI Cons

GUI FFT Sink

GUI Histo Sink

ation Sink

GUI Number Sink

GUI Scope Sink
WX GUI Terminal Sink
WX GUI waterfall Sink

+ | Pager )

+ [ QT GUI Widgets

+ [USRP]




Output of GNU Radio Ry
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Options
Waterfall Plot st
~— Average
378 Blocks
2508 Axes Options I FY Sk +
o 1248 Time Scale + - + [ Sink
3 Dyn R . ,
e 0d8 i fenge v
E N or
E af L evel :
- 1298 Ref Level ¥ A eam Cor ‘
2548 Color: URGBA A + [ Misc Co o
1748 Autoscale + [ Synch
€ tr
5048 Clear
15 10 5 ] 5 10 15
Frequency (kHz) Stop m Piot + [Mod .
Scope Plot &Y o2 e - G
2 - Coding
Axes Options " .
1.5 + [ Probe:
Secs/Div o (1o
riabl
1} | Counts/t M
WX GUI Scope Sink
Title: Scope Plot ¥
0.5 Sample Rate: 32k
" " Trigger Mode: Auto .
€ 0 & Autorange ¥ Axis Label: Courts
WX GUI Check Box
é Channel Options
| TEpeSTeR D I R ET T | WX | Choo
05l Chl ch2 Tig XY WX GUI Waterfall Sink % 2
Tile: Woterfall Plot WX GUI Slider
Sample Rate: 12« WX n -
1| + |Baseband Freq: 0
Coupling DC - Dynamic Range: 100 WX GUI Text Box
Reference Levet: 50 WX GUI Co t sink
15| Ref Scale (p2p): 2 i
Marke Hne Uikl 5 | |rrr swe: 512 WX k
2 : WX k
30.9375 31.25 31.5625 31.875 32.1875 325  32.8125 33.125 WX GUI Number Sink
Time (ms) Stop X X GUI e Sink
s Options : WX GUI Terminal Sir
Histogram Plot / WX G al Sink
10
T WX GUI Waterfall Sink
frequency: 0 + | Pager )
* T GUI Widgets ]
- 15 Num Bins: |27 [Q Lt
£ + [USRP]
5



iIcrowave Radio using Software Defined Radio
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L0  GPS Slave oy
Cleock
A AMP . i
N Miixer DIA SDR + Pi
T AMP Converter
100(0) MB
Microwave HF — 10 Meters
xx GHz Transverter SDR
Tower Antenna
100(0) MB

Shack




Analog Devices AD9866
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Mixed-Signal Front End (MXFE®) g
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=
2 2
200 MSPS o o
AD9866 £ l \ . T () IOUT_G+
PWR DWN o2\ | () IOUT_N+
MODE ) IOUT_N-
© Q) IOUT_G-
TXEN/SYNC 0TO -7.5dB 0 TO -12dB
TXCLK
CLK () CLKOUT_1
ADIO[11:6]/ SYN. (O CLKOUT_2
Tx[5:0]

2M CLK | (O OSCIN

MULTIPLIER SCTAL
ADIO[5:0)/
Rx[5:0]
\\ } /" )‘/
RXE/SYNC ADC il = | RX+
RXCLK meip I <=\ <=\ g e
- ™ i
AGC[5:0] O-2
' 0 TO 6dB | — 6 TO 18dB | -6 TO 24dB
spi (% [REGISTER A=1dB |A=6dB A= 6dB
CONTROL

04560-0-001

Figure 1.




e

Hermes-Lite 2.0beta2 Block Diagram

ﬁ'ggj’:ck é?c':gt'z Power Supply: 1.8,2.5,3.3,5,10 Volts '::’f’;’g(/'”
Generic Ethernet Program ' Digital | | Slow . |12C &
410 PHY Conn. | PA Bias ADC | |ADCIO
— , | i i S
2P0 N oyoone | | TX X TxBaun| [g4PTT
o / IV FPGA reAmp | :Demux Out
' Ref : : I
 Clock In_ ! pmomm e  ISeSRARERNRRE .\ Low Pwr
""""""" % TX LPF | PA — TX Balun | [ TXANT
4 LEDs o e I [ T
ain

; spstanchassacs . /| ANT
______________ | NE RXLPF |~ TR Relay /
 SyncRX ;| | 76.8MHz ettt - AtRX
i Clock In | Clock . ANT '

e Green boxes are external connectors
e Dashed boxes are common optional blocks

e Additional external filtering required for TX to meet harmonic emissions regulations

KF70 Steve Haynal Schematics and Block Diagram

_______________
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* http://kmkeen.com/rtl-power/

* http://www.rtl-sdr.com/tag/rtl_power/
* http://www.rtl-sdr.com/tag/r820t2/

* http://sdr.osmocom.org/trac/wiki/rtl-sdr
* http://www.hermeslite.com

 http://www.rtl-sdr.com/big-list-rtl-sdr-
supported-software/

https://sites.google.com/site/g4zfqradio/install
Ing-and-using-hdsdr

N NN s



http://kmkeen.com/rtl-power/
http://www.rtl-sdr.com/tag/rtl_power/
http://www.rtl-sdr.com/tag/r820t2/
http://sdr.osmocom.org/trac/wiki/rtl-sdr
http://www.hermeslite.com

ﬁ Next NTMS Meetings £

* First Saturday of the month.
« Announced on NTMS.ORG

* Next Meeting will be February 4, 2017
starts at 12:00 with discussions and
presentations start at 1:00 PM.
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ﬁ NTMS Topics and Plans £

* Discussion on Members Projects
* More on GnuRadio

* Testing results of W1GHZ Personal
Beacon and other projects

* Discussion of January VHF contest results
* Planning for 10 GHz contest operations
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ﬁ Big Ham Radio Events §§
| ocal Hamfest

« Dayton Hamvention - May 19-21
— 4 Days in May - QRP
— TAPR AMSAT Events

* Microwave Update — MUD - San Jose Ca.
Fall

* VHF Society Meetings — CSvhfs.org — July
27 2017 — Albuquerque NM

 EME conference — 2018 — Netherlands

(Many Videos on Web of past events.) -



Microwave Information _

Resources

* NTMS.org ARRL.org W1GHZ.org
* Dubus Magazine

* UK Microwave Group

« Ham-Radio.com/SBMG SLAM
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