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Running the RBDR.com blog since 2013

Collecting stories relating to ultra cheap radio

Redesigned the RBDR dongle for improved SDR
performance

Started sigidwiki.com, a collection of signals

www.rtl -sdr.com




é 1\_/Er ggleJagthgs(estpftware defined radio based on the

S faware defined radio? Basically a tuner and ADC.
All demodis done in software.
Originally (and still is) a DYBTV Tuner | st iy
| Highly mass produced in Chihaery cheap
Hardware hackers found the SDR feature . :

| Originally designed for FM radio reception

They wrote custom drivers to extend itdés frequency rang

SUdden | Yy It OSs an extr emel y Esse 1 416.367.293 o
| Can _receivedemaddecode almost anything from 24 e
$10 USD. —

1.8 GHz for

Opened up a whole new world of experimentation.
| New (and old) blood returning to the radio scene.

| WHAT IS TISPRT -



WHAT IS THIS
ABOU

An overview or olite
Interesting applications for the KSR

Avoiding the ocommon
applications, will be talking about the
weirder and niche stuff.

There are a | ot o f a
started!



Amateur Radio
HF, VHF, UHF, Digital, APRS, SSTV, Satellite

COMMON SCANNE® EMS Communications
APPLICATIONS FOByiANMS Communications
RTSDR P25, DMR, TETRA

Trunked Radio
Air Traffic Control
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“* | Map | Satelite C81CF8

New Zealand

Type:
Time Tracked: 15:24
From: NZAA Auckand Intl, New Zealand

¥YMML Melbourne Intl, Australia
s Position lookup disabled
C

QFA136

Toggle postion lookup
limbing through 8938 meftres at 429 metres/min, ground speed
676 km/h, heading west 250.5°, 132.59 km southwest of here at

244.2°, Squawking 0243,
Disable auto-select ;: Select closest :: Hide selection :: Page help

Date Report :: Regstration Report :: ICAO Report
Show options

ADB: TRACK A

Tracking 6 aircraft Pause
Reg. ICAD Callsign  Type Alt.  Squawk Speed
7C6B3C  JS5T239 10653 1067 971

UAE434 11278 1031
ANZ823 10973 0240 674
ACI410A 9091 4422 820

11278¢ AL

“&1090 MH

J/\

4054

Powered by Virtual Radar Server

OFA‘}G
5938

10‘

7576

— =0

“‘*“‘fu‘

ADSB# v1.0.9.1 F'l—|
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Raspberry Pi ($3
Antenna ($30)

Total Cost ~ $100

.I_mage creditSpfoamemttps://wwyveddit.com/r/raspberry_pi/comments/31759llselfcontained_adsb_receiver_aircraft_track(



niversal Access Transcelver (|
SR e m.tmw", T

Used mostly in the US{& f.'
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STRATUX

2
Il
Small plane pilots are using RAIMRs in the cockpit
- li
ISR Professional ADB/UAT equrpment costs thousands of bucks
o e L R .
<7 Stratuxcosts a few hundred doIIars only

& tl o B

RTLSDR runs on a Raspberry P| Raspberry P| connedis to a
tablet which is running navigation soft :




k VE ”th"""" T
S Pl

" l.
nOCeaN “'"”:'.3‘!‘"' v
2] L . ally eormgeno \
. —p "
! "“"’ ?, terlordg
L T e o
AR e aR ;-}1,? o —
. * \

OEIE SN

AUTOI\/IATIC IDENTIFICATION SYSTEM (AIS) e

Krehngs

sthiegdamsche Schee

Similar to AD® but for Boatss N r

schiedarn W

'S=Dravenis

Used In coII|S|on av0|dance

piuzenga R .';f:“ shaverdthe Schis
s s AU \nbaven ﬂ”"{‘ J ~_,; N \ Wy

Receive and plot on a map jUSt I|ke AB)S 7.4 .
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NOAA WEATHER &

A
Al

i

y A
«

''Receive live weather imay
af Three active satellit
o NOAA 158 137.6200 MH

[ Ty war ey TS

NOAA 188 137.9125 MHZ

b : e ;
< BN L S e iz ...",”.‘;
™My

NOAA 195 137. 1000 MH , 5 P .'.,

Transmlts an anal ogue oAPTo '
& L T S \

Will pass over every location on earth several times in one

T -.,’ o W
( - ‘e

\
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RusS|an weather satelf

L N s

\\':.5 ¢ Launched on July 8, 2084 V6=
Broadcasts at 137. 925 MH;

=

s SlnlflcantIy hlgher resolut|on |mages that NOAA sat it :
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Recelvmg Dead Sa

.*

Some very old decomm|SS|oned sate ’ |

: can resurrect themse VES: 4
- . ' i s "-. -v‘

/ Chemlcal reaction in the batte .
A\ Degradatlon due to thousands of St
L T
ycIe e BN
‘ ~ '? :‘\ . i" ~—' \-)/)
A After the reactlon the batterless Or'ks
A Power can pass through while § 2
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SATN — e

Vast Increase in amateur radio satellites anUesat$aunch|ng
S BN AN ¥

[/ Not enough ground stations to collect

| Sl T

/ [SatNOGSsolution: 3D printed antenna rotator syst

Bl Automatic satellite tracking and dow |Ik
| V——— N — s

88 Inside: RTEDR, gears, motor controllers, Raspberr
F 1A b ~ :

Ctm )

%

Collects and uploads satellite data automatie

[,,“ m
| “m'

ThumbNefrThumbSaa similar project 8
l_l -_

N
4 ;
el i E A oo -
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i O
FORWARD METEOR SCATTER DETE

mwv‘
R
e Use the RT$DR as a meteor detector/counter
Meteors Ieave behrnd trails of ionized air which is RF reflective

R | :

Point a drrectronal antenna at the 's & N
Listen for reflections from powerful transmitters hundreds of krlometres away

¢ \\JJJJJ |
Transmitters you can use mclud ! J
| Graves Radar (Europe) or other ra ar ‘

TV towers ‘

Irvem’&eors com \ J J J J
,I ?

r &

——

" w_ Meteor Trail

Transmmer - \ Recelver
ia




HYDROGEN LINE & GALACTI(

Hydrogen IS the most common element in the u

H);droge emits radio noise at 21cm (1420.4088iz

Big spike within our galactlc plane less into empty s

[Equipment neede
JRTLSD]
JLow Noise Figure LNA + Line a
JFilter’
BHigh gain dish, Yagi, hoetcantennz



DETECTING P

A Rotating Neutron Star
A Wideband noise bursts over a wide frequency range
A RTLSDR Receiver records raw 1Q data

A Mathematical algorithms required to detect the pulsar
A neutronstar.joataman.net

B0329+54 - Profile
0,020
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0,010 -

@
o
0,005 -
0,000 W W\WMW

T 100 200 300 400 500 600 700

-0,005

mS

AndreaDe | | & | @{@VidaBHY)Y)




QRM DETECTING, DIRECTIQMN®

\
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But if you use two antennas

Ve

| You can get a 2D Radar view

2000
Scattering from column of £
enhanced electron density 2 1500
) Scattering from aircraft produced by meteoroid ::s'a
ablating upon atmospheric 8
: ; X >
_entry. Specular geometry results 2,00
in large radar cross-section. v
___________________________________________________ o
5 éﬁ% % 500
Commercial broadcast antenna | Transmit Antenna for receiving
i sample antenna echoes 0

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

e

Image creditJuhaVierinen
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NHAVC

3"}- x }g;

ir‘J“\J"
r l

Based on Raspberry

f'_:-' Uses antenna switchi
- Iﬂ e . .— \ \““
| Determines the signal bea

ﬂiﬁ

M RN g &
Comblne severaI units to pmpornt the trans

Carditiwe
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QRM/NOISE DETECTIO .

Fell
ATi m H®&nwews SFstem: QR 153
Detector \_ .~

A Uses multiple RBDR dongles running on | , |
an Odroid XU3 |

A Scans multiple bands

-

A Log QRM levels together with GPS data -
A Find the hotspots on a heatmap ‘

A Source found: Power pole with broken
ground connection :
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O UTE R N ET Search in folders: \Weather

’ e e, '
(One Way (download only) sateIIrtdaecastrngservrc

NUses InmarsaMphasatsatellltes on- ban

—

\What data can you recelv
BLatest Ne “
W\Weather Updat

MAmateur Radio repeater repeats (ISS APRS AliS

B\Wikipedia Article i o

MGrib files (for marrners at S€

BFree bookSRel O)
\

|Good for dlsaster preppers sallors remote areas, countrre

censored internet, third worId Countiigss

Outernet use R'ELDR based recelv -'
I = e RN e

| N /-/
— o~ - _— -.://‘/

—_— (AT | E 2 — =

Copyright (c) 2016 Cameron Beccario



WHAT DO YOU
NEED TO RECEI
OUTERNET

RTLSDR v3 or E4000 dongle (with
bias tee)

An LNA (with filter)

L-band 1.5 GHz satellite antenna Power Pack
(such as a patch or dish) .
C.H.l.P Computer .
Outernet are working on a fully SDR | IS
integrated solution L

www.outernet.is ’g_"'{

Antenna

Amplifier
-
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-BAND SATELLITESSEAFIH?

“ - Ry, S
: = : - ~u '.., ey

- - .-/
/

Inmarsat STO SafetyNEEﬁ S af et y

/_-

'Mainly weather, search and rescue, |nC|dent reports submarlne cable deployments . militaryé KEer
and plrate warnings for marln L NSRS > \""’ Ll —

17117 =]

FIVE ROBBERS ARMED WITH LONG KNIVES IN A SMALL UNLIT HIGH SPEED BOAT APPROACHED A BULK CARRIE
= THE ROBBERS ATTEMPTED TO BOARD THE SHIP USING A HOOK ATTACHED TO A ROPE. ALERT CREW NOTICED THE

THE ALARM AND CREW RUSHED TO THE LOCATION. HEARING THE ALARM AND SEEING THE CREW ALERTNESS, THi R

THE ATTEMPTED ATTACK AND MOVEDRSAWAY. " - T, W

DUTY ENGINEER ONBOARD AN UNDERWAY PRODUCT TANKER DISCOVERED THREE ROBBERS IN THE ENGINE » )(
INCINERATOR SPACE. THE ROBBERS RAN TO THEIR BOAT A SEARCH WAS CARRIED OUT. NO ROBBERS FOUND ON
' NOTHING REPORTED STk

= v ‘ 2 =l ""’f‘"ﬂ-
Softwar = :

Tekamanoidhttp://www.tekmanoid.com/egc.sh



http://www.inmarsatdecoder.com/
http://www.tekmanoid.com/egc.shtml

L-BAND SATELLITES: IRI[

Iridium is a global satellite service with over 72
satellites

| Provides services such as global pagers, satellite phones, fleg
tracking and management, and various services for
emergency, aircraft, maritime and covert military as well.

Security researchegt ef an 0Seco6 Ze
Schneider have decoded Iridium
| Can receive calls and pager messages

| In their talk they demonstrate intercepting a call from the
310th airlift squadran €37 military aircratft.

| Easy, but not too easy to listen in on.




-BAND SATEERXA
OF WA EFA
SCHNEIDER

chelion route. Also what batteries do you require? Jg
ontacsato me asap, your grid is wrong, should b
Xxxx 89681 21960. You are going 8km the wrong
éour arcs are not on xXMxE
4882 and enemy locatiamxx 4804. J2 indicates O
compr omil s e. Extrac

O c sokratefor information updates we have a gu
target. After Germany, catcratesn bluecommand get
ready to work. there i1s a red scorpion on sail. You
callxxxx or xxxx. we this it is best if you call frerxx or
xxxX. Tell the bartender they need to talk to us befo

can make the payment. in any case you mugépaas
to do it listen to \k;hlte, open long man! report beforé







GATHERING ENTROPY VIA A

A computer cannot generate true random nu

#Only pseuderando

' True randomness can be obtained from mouse and keyboard mo
#But what about embedded computers (e.g. routgFdevices) with no inp

True randomness is needed for cryptography and securing s
#If the keys are not truly random, they can be guessed/calc

An RTHSDR program called| _entropycan be used to gather true random nu
BGather from atmospheric noise (static). Galactic radiation, lig




SDR# v1.0.0.1155 - 1Q Imbalance: Gain = 1,000 Phase = 0,000°

o

24.641.000

RTL-SDR / USB v | Configure | VF

Reddlt usecronekbrowsmg frequency spectrum Wrth h|s Ia u r————

Frnds an odd S|gnal at 24 MHz 1@@%@ ca .LT . o a

ﬁang onéitos peopiiy Speak' 0 i My oftipe
i i o0 L

= The built in m|crophone IS transmlttlng FM modulatrng

., ﬁltentronal or bad engrneerrng’? ]‘

i Cronekworks |n a hlgh securlty Workplace

T The EllteBook 8460P is used extensrvely by the US Mrlltary

nemarker  Gradient | .. . ‘ |
A spy couId srmply tune on |n and Irsten to secrets
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“24 kali-linue-i286-gnome-vm - YMware Player (Noen-commercial use only) = || G

Player « - 4 E O p By @y
Applications Places @& Wed May 29, 11:48 PM

Top Block

File Edit Wiew Go Capture Analyze Statistics Telephony Tools Internals Help

@I @ Center Frequency: 1936.6M
Auto
Filter: |gsmtap Gain: |
Mo. Time
511 4056.8246670C127.0.0. 1 127.0.0.1 GSMT AP 81 (cccH) (ss) Wideband Spectrum (click to coarse tune) . Trace Options
512 4056.8314100C127.0.0.1 127.0.0.1 GSMT AP 81 (cccH) (ss) 0 [] Peak Hold
513 4056.83570500127.0.0. 1 127.0.0.1 GSMT AP 81 (cccH) (ss) O Average
514 4056.84138700127.0.0. 1 127.0.0.1 GSMT &P 81 (cccH) (RR) Paging Request Type 1 -10
515 4056.8443050(0127.0.0. 1 127.0.0.1 GSMT AP 81 (CCcH) (RR) Paging Request Type 1
516 4056, 85004000 127.0.0.1 177.0.0.1 GEMT AD feooH) ERR! Pani na Reauest Type 3l —u
=== GSM (2G) mobile ph ity is broke -
518 4056.861182 onlie p one SeCU” y IS I 30
519 4056.86411700127.0.0.1 127.0.0.1 GSMT &P 81 [CCCH) (RR) Paging Request Type 1 T 40 —
| . Il [ Trace A |S
521 4056.874878 ¥ 50 LI Trace tore
= e USE @aN RTEDR to receive texts and phone calls |2 .
523 4056. 8850700¢ 12/. 1. U, L 12/.0.0. 1 GSMI AR 8L [CCCH) 155) E 60 B ileaol el
524 4056.89035100127.0.0. 1 127.0.0.1 GSMT AP 81 (ccc'H) (RR) Paging Request Type 1 . ol Axis Optlons
P Frame 520: 81 byte D t 6 V\,‘t t L I t dE f f I t .
4 ono IWtOG & y S I L. ul e Al I u dB/Div +
I Internet Protocol ‘ufersmn 4, Src: 127.0.0.1 (127.0.0.1), Dst: 127.0.0.1 (127.0.0.1) Ref Level: T
I user Datagram Protocal Crre Par+. A1 faoiaa) Pie+ MNart s acmtan [ A7900 -90 '
b GSM TAP Header, AF cE t d f h Autoscal
o e een =aASY 10 AO TOI YOUr own pnone 100
-800 -600 -400 -200 4] 200 400 600 800
P L2 Pseudo Length Stop
I Protocol Discrimipstars Badim Racniircae Mananamant maccamac Frequency (kHz)

, e e Very hard to do for other phonésneed a fast computer and lots of decrypting timaa < ce-

. , SR
< Location Area Identification (LAI) - G LeEEle
< Location Area Identification (LAI) - 262/01/12291 1 [ Average
Mobile Country Code (MCC): Germany (Federal Republic of) (262)
Mobile Metwork Code (MNC): T-Mobile Deutschland GmbH (©1) .40 —— 11
= O i
P control Channel Description -50 Bl L Chiss
P Cell oOptions (BCCH) _
P cell selection Parameters 3 60 —
P RACH Control Parameters § 0 [l Traca A | Store
P SI 3 Rest Octets &
E 80 [J Trace B | Store
0010 00 43 e6 64 40 00 40 11 56 43 71 00 00 01 7f 0O LCod@.@. vo.... .. . .
0020 00 01 cO Ga 12 79 00 2 fe 42 02 04 01 0D OO OO ..... Mo/l alEhooooo -90 Axis OPtlons
D030 00 0D 00 19 84 67 0L 00 OD 0O 49 06 1b 8a 62 62  ..... g.. ..L...bb dB/Div: +
oo4o 2 10 de 04 3c 55 65 04 a5 00 00 3d b3 2b 0. .sU e, .. =t -100 '
0050 2b +

Ref Level: +
(=Yg i : i : : Autoscale

Capturing from Lo



(ALMOST) JAILED FOR-SISRNG AN F

1

DejanOrnig o - 3&" ) - -
26 year ol d student at the oUniversity of
1 - U1 1 T A

Research project to investigate vulnerabilities in TETRA

TETRA dlgltal communlcatlons often used by Pollce/EMS in Europe.

= e L, ..
Usm his R-BDR he found a mlsconflguratlon |n the Slovenian TETRA implerdentation

securlty was brok 0
Notlfled polic  °

No reply or action taken for 2 yes

_So he took his story to the locall news ao
l !

_
Police raid his house, seize his computer aRg8 N
Given a 15 month suspended jail sent

|



REVERSE ENGINEE
WIRELESS PRODUC

and alarms i g g ERTON

J . 'nl‘ i L
Bl

A Doorbells A loTdevices
A Temperature and A Portable traffic lights -
weather sensors . o '
A Public traffic displays .
A RC cars _
A ceiling | A Car doors -
eiling fan —
i D ?] < ol A Garage doors ‘= - 1
og shock collars A
Implanted heart L .{'
A Wirelessly controlled AC  defibrillator ¢
power outlets | [ ] -
A Wireless door locks ' " 4 o
A Home automation sensors -

L~
.
LA
i R
P Byn— -t |
‘\ e &

;: A b . . P
Image credit: BastiaBloessl
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REVERSE ENGINEERING

tr\

..... B.CIS telemetry used in modern C|t|es for S|gns N bus

BastlarBIoessJS Paderborn, Germany
8Found a telemetry signal at 150 Mike ‘ 2
' R B AL N e NN ‘
: \",.a. e Nl 7

Other teIemetry broadcast methods ldsung |
, subcarrlers In broadcast FM are used in otk ;, _

o

Wesshoos
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'GPS ON A HIGH POWER D RK

Most GPS devices are designed to [

If they travel too fast or too higlils
COCOM Limid 1,200 mpg & 59,000 il
Limit imposed by US milit SRy,

Limit applied by GPS | GPS hardwa ~ ;~
manufacture e

-

hilip Hahn & Paul Breed bU|Id|ng
Jdpowered small rockets™
Rocket might be too fast and oo | |gh

{Using an RTEDR and GNSSDR open
source software to get position fixg




C ‘ Black & Decker Sander (MM

D | ST EM SENSE

FI E Sub-Zero Refrigerator sttt i i

G I D ArmorActive Conf. Screen 1 l I |
oM Doom | " = - — = m7 F o o 34
\Y:,,,_ =l A watch that knows exactly what { - I ( Flourescent DeskLamp  duw.

o @ - the wearer IS touchlng A o Ll | I - DDRUM Power Adapter W % W e
— Worj_<$ byﬁlﬁs(sung EMI J j'@ Honda CM250 Motorycle pr- e
/ RTLSDR Bas 4 K I @ T-Fal Avanté Classic Toaster ...t . il Mbadil)

L I ¥ FitBit Aria Scale — I

M I Sonicare Elec. Toothbrush

2h
? NI E Kenmore Elite Refrigerator A .kabiistihd,

Crejfe] I Samsung Gas Range .-...........n
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WHAT HAVE | MISSED? LOTS.

Listening to the ISS GOES Weather Satellites
Playstatior8 Reverse Engineering via ENMlI  Jupiter Noise Bursts
Reverse Engineering a Heart Defibrillatar Partial Discharge Detection

Decoding VOR Noise Figure Indicator

ACARS Receiving Weather balloons

Pagers Using the RTI&DR as a VSWR meter
DefeatingloTAlarms and Car Doors Using the RTEDR to test RF filters
Remote Monitoring Decoding DAB & DRM

Wireless Traffic Analysis MilsatconPirates

Electronic Voice Paranormal Research



CONCLUSION

| hope this talk inspired you to try something new with radio

Follow and go through the history of the-RIDR.com blog for more interesting
projects like this.

Thanks to TAPR for inviting me out to do this talk

Where can | buy RI&DR V3 Dongles &Elamventioh
TAPR booth 5002003 Building 5
R&L Electronics in Building 1
SDRguyat Booth #7919 in the Flea Market (westedd | so sel |l ing Outernet an:



ADDITIONAL SLIDES
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HYDROGEN LINE & GALACTIC PLAI

Peter W East

http://www.ylpwe.co.uk/RAProgs/index.htmi 7

RTL2832U 820T Tuner T

SN 2x Minicircuits
3% pSk Quad ZX60-P162LN+  3-element ~ 100MHz
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QRI\/I/NOISE DETECTION AND LOCAT
7\-’\==-/ ﬂ‘(
MIT Hays,‘tack Observator)duhaV|er|nen Q’_}, ''''' |

Sudden QRI\/I at 440 MHxtheir Radar band P
/' N
RTLSDR solution to help find hotspots

| . [ W - :
Together with Yagi measurements found the hotspot

t e PP
A faulty FSK telemetry link on a nearby FM tower
. \ FFFFFF
\
' 7 - - \

ooooooooooooo

-71.90 —71.85 —7i.80 —71.75 -71.70
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|



g, Lawswt fears *3 ' . 2

' PLAYSTAIREVERSE ENGINEERING

Hackers want to o6Jailbreakd ;gami-ng: conso
Allows custom software to be installed » 2. ~ ' :
| Custom games etc.

% Connect RIEDR antenna Input between chassis and real ground (ground rods)
RTLSDR receives CPU noise

Can try to de(iode CPU instructions from the noise

Never got very far in the reverse englneenng process

- r ,..'- i} - ..-’ > 3 -.‘ ' : ' . ‘ ' -.lo o . X )
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REVERSE ENGINEERING AN IMF%!&A
DEFIBRILLAFYOR  Faiénis wi ool a thump o the chest
,6” 'j /"‘\ \ when a ICD shock is delivered”

ICE6 Implanted Cal-rcll% DEfIb\ I'I||at05 VF is sensed by the ICD lead and a shock is delivered

Protects patients who are susceptible to arrhythmia fibrillations and abnormdl' heart | '

‘ condition by montlito-rlln‘g.a‘rﬁl shocklrlg " } l.' | .L—-l

ICeeDatad Project to reverse engineer and monitor the wireless telemetr

Why?2) m o ‘\ M'MW u ‘l !‘

Data is transferred via ISM band wireless to 3G internet to doctors
| But only available for viewing at the doctors ofﬂj \ ECG | AR
ﬁa'

| Usually appointments are once a year or Ie\ ICD i’:"c" 'eswf_es Normal ththm.’
_ Y A X s

The patient should have access to thls data all the B S A T TR R
3 sz 'Aﬁ =3 1 L oS 190 o8 19

JHelps make better lifestyle choices Bs T B ¥ B B B Do Yo




tra<GLOBAL NETWORKED MONITORINC

anc

Bigwhoopd network of wide spectrum RS’IDR radlo receivers
AN . N A W W

Network automatically schedules Ilstenlng and data col

v Y =
Focus on science experlments examples II’IC|M \
| Finding quiet spots for radio telescopé? o
| LEO satellite data collect
| Spectrum monitoring \
| Radio astronomy: Glgﬁnnksyburst

8. :
Decentrall

...or finding
sweet spots for

radio telescopes.
Aut onomous

030
o920
2
*

w

| BM OHOTri zon
| Similar to the big whoop idea =
| Hundreds of decentralized RSIDR&6s t hat can

T

b e

*control of
*
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VORo VHF Omnrdlrectlonal Range
An old method of air navigation
Still heavily used but slowly being replaced by'I'SPS

Gives you the angle of the aircraft from the transmitter

2
Works by sendlng out an omnidirectional master S|gnal and a hlghly directional
= second srgn e ;:if‘zm“‘“?‘f’::":.fr- —

——— e ) e — v = M

The directional S|gnal rotates 360 degrees W|th an antenna

o/ \ Z LY il » \
?" hp\[\tl>!7'315 took‘ h’ISZF—QR o a fllgt d recorded VOR sig M‘)‘ "'A&("A

Later used his GNU Radro VO decoder 0 decode the aircraft ps

:'.‘ r-‘
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JUPITER NOIS

Listening to bursts of noise betweerd2 MHz originating from the planet Jup

Creates oradio noise stormso throu
and its volcanic moon/lo: :

What do you need to receive Jupiter no

MAntenna: A simple dipole tuned to around 20 MHz will

BFilter + LNA Y
MAny radio like an RTEDR



