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Amateur ham radio

* A internationally recognized, social, and scientific hobby
* Is regulated by ITU and national authorities (e.g. FCC, PTS)

* Requires a license from a accredited authority (CEPT HAREC)
* ITU removed the Morse code skill requirement in 2003

* Over 2.6 million licenses globally
* Approximately 10,000 licenses in Sweden



Some well-known Swedish hams

Prof. Jens Zander Peter Hultqvist Christer Fuglesang Peter Lothberg
Head of School, EE & CS, Swedish secretary of Astronaut Swedish Internet
Royal Institute of Technology  defense Professor, Royal legend

Director of Wireless@KTH Institute of Technology

And many more: Erik Bergsten, Egon Kjerrman, Bengt Feldreich, Johan Ekelund, ...



Famous international hams

Prof. Ted Rappaport Prof. Joe Taylor Sir Cliff Richard
Founder and Director, NYU Physics Department, Artist and musician
Wireless Center Princeton University

Nobel Laureate

And so many more: Yuri Gagarin, Jack Kilby, John Sculley, Marlon Brando, Walter Cronkite, Patty Loveless, Tony
Bonjovi, Bob Heil, Sergey Rebrov, Joe Walsh, Feargal Sharkey, Cliff Richard, Chet Atkins, King Juan Carlos, King
Hussein, Priscilla Presley, Tony Dolby, Francesco Cossiga, Barry Goldwater, Rajiv Gandhi, Augusto Pinochet, ...



The Reverse Beacon Network

A free cloud service supported by a global network of robot receivers

Franke-Taylor 8-PSK a.k.a. FT8

A modern digital communications protocol for shortwave communications




The Beacons~ Tools for Listensrs « Pholos

NCDXF/IARU International Beacon Project

Transmission Schedule
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't started with one brilliant engineer...

Alex Shovkoplyas, VE3NEA (b. 1965,
ex-URS5EMI, Canadian resident since 1998)

”Canadian ham of the year” 2014

Alex ShOVkOp'YBS ¢ st "~ Talent Technology Corp,
Senior Software Developer at Talent Technology Corp. {1] see contactinfo
Richmond Hill, Ontario, Canada &S See connections (116)
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Morse code decoder "CW Skimmer”

E CW Skimmer 2.1 - Registered to Bjorn Ekelund

File View Commands Help
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Published by Alex in 2008 after “seven years of thinking”.
Based on Bayesian statistics, a “kind of” Al.
Originally intended as a tool to manage DX pile-ups.



“CW Skimmer”

[ T CW Shiresse " <

* Works with a range of SDR front-ends
* Parallel decoding of Morse code signals
across an entire passband
e Standard 3.5kHz audio
* Wideband I-Q up to 192kHz bandwidth
* Graphical “waterfall” illustration of signals
e Uses a recognized call sign data base for
sanity checking




2008: The planets lined up...

REVERSE BEACON NETWORK

welcome main  dx spots  skimmers downloads about contact us

Norwey | Map | Satelite | Hwnd |

Alex VE3NEA

A R o N T TP .-rud i
B Finland
Dick W30A : |
Felipe PYINB 1\

Nick ESVIH Pete N4ZR - L d Ukraine

g - Romania

{ FaCHy o ol

Gougle " arms oriiee
! 180m J F30m /! 20m /17m [ 16m / / I !

world wide / zoom to US / zoom to Europe ! zoom to North Atlantic

show/hide my last filters

showing spots for DX call: LAIZA o to ahowe=50° -

search spot by callsign

] de dx freq cqldx snr speed time
R B racEVER » DLOLBS B Lasza 35344 CW CQ [LoTW] 19 dB 16 wpm 2031z 22 Ape
P h | I N 8V B DL1EMY IS Laaza 3534 3 CW CQ [LoTW] 29 4B 15wpm 20282 22 Ape
DR1A I3 Laaza 35342 CW CQ [LoTW] 23 4B 15wpm 20282 22 Ape
LASEKA £l Laaza 35343 CW CQ [LoTW) 16 dB 15 wpm 2016z 22 Apr

DF7GB ES Lasza 35343 CW CQ [LoTW) 19 dB 15 wpm 2016z 22 Apr




The Reverse Beacon network

REVERSE BEACON NETWORK

main welcome dxspots skimmers downloads about contactus

* A global network of skimmer | _ | |
. i) | Plan | Satellite ixte
receivers for both Morse T
code and digital protocols 2

e ~200 24/7 “skimmers”
* Global coverage

rag. jran Afghanista

. . . Pakistan
Saudl @
* Highest density in EU & NA o
S Mauritania
{ ' o N'ge'“Chad Sudan
» \ I} nezuela .Nigena ‘ Ethiopla

Cogpr¥bia
. — " Données cartographiques @2009 Europ Technotstiesigs tiidiii s e iion
) /80m / 130m /20m /1Tm /15m / H10m / /
world wide / zoom to US f zoom to Europe f zoom to North Atlantic

http://www.reversebeacon.net



Reverse beacon network & The DX cluster

reversebeacon.net VE7CC-1 WO9PA-4 WO9IPA-5

\

SM7IUN SM5AJV AA6YQ

SM7IUN-# OH6BG-# N6TV-#

= = o= R B ©




The whole chain

Computer &
“ L




What are the parts in a skimmer?




1 Antenna

* Should be
* broadband, preferably 1.8-50MHz
* always connected

* be immune to local noise or in a low noise
environment

* Does not need
* to work for transmission
* to be very efficient, SNR is more important than RSSI
* to be large




2 Recelver

e Should
* have a digital quadrature output sampled at 48, 96 or 192kHz
* be wideband, preferably 1.8-50MHz
* be support multiple receiver instances
» preferably be networked (Ethernet)

e Does not need
* knobs and buttons
e an audio chain




SDR receivers

SRL Q8S1R REVD
DIRECT SAMPLING RECEIVER




“The Raspberry Pi of DSP”
Red Pitaya 122.88-16

Based on Xilinx Zyngq 7020
~1.3M gates FPGA

220 programmable DSP slices
>200 GMAC/s performance
667MHz Cortex A9 MPcore with
Neon and CoreSight

Two 122.88MHz 16 bit ADC/DAC
Four 100kHz ADC/DAC

16 GPIO

ABLNO XO <50fs jitter

Red Pitaya started as a Kickstarter project
with Red Pitaya 125-10 and 125-14 based
on Zynq 7010.

Over 30,000 sold

Base ports for Ubuntu and Alpine Linux
Free Xilinx Vivado tool suite




Pavel Demin @ KU Leuven

122.88 MSPS 122.88 MSPS 96-768 kSPS
16 bits 24 bits 32 bits
pRecenpRmseses qaonanssamsans | assamsssssasas Dacasssaaasans
fromADC : ADC : complex ; —: CIC [ FIR :
! interface ! . multiplier | Q. {1160-1280} —» i 12 i
; 48-384 kSPS
wt fan | e
. config P status
: L : register | : HED : . register 1. List of components
t 2. Links
l l l 3. Development machine
custom ! © Xilinx CPU 4. LED blinker
IP cores ! : : : 5. SDR receiver
""""""""""""""""""""""""""""""""""""""""""""""""""" 6. SDR transceiver
7. SDR transceiver compatible with HPSDR
8. SDR receiver compatible with HPSDR
9, Embedded SDR transceiver
10. Wideband SDR transceiver
11. Muitiband WSPR transceiver

Pavel Demin - 1=t S byt de 12. Multiband FT8 transceiver
IT Engineer at Université catholique de Louvain [y Université Joseph Fourier - 13, Pulsed Nuclear Magnetic Resonance
Brussels Area, Beigium o emnotge 14. Multichannel Pulse Height Analyzer
G See contact info R
15. Scanning system
Message i More é’_«ﬁ See connections (94)

16. Vector Network Analyzer

17. Alpine with pre-built applications

http://pavel-demin.github.io/red-pitaya-notes/



CW and FT8 skimmers @ SM7IUN




3 Host computer and software

“CW Skimmer Server” or “RTTY Skimmer Server”

* Decodes the Morse code transmissions in the passband of
the radio front end

e Computationally intense. RTTY more than CW.
e CWis 5-25% on 2GHz Core i5 depending on bandwidth

“RBN Aggregator”

e Consolidates and curates streams of decoded call signs
from several radio front ends

e Adds origin information
» Controls daylight/twilight/night cycle
e Etc. housekeeping

Decoding of the FT8 digital transmission protocol is much less
computationally intense and can be done in the radio front end.




Skimmer “site architecture”
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CW Skimmer Server

An “embedded” CW Skimmer with Telnet
interface for RBN Aggregator or a DX cluster
node

8 x 91kHz segments shortwave
bands = 10-15% CPU load on 2GHz Core i5

B« ®dg o

http://www.dxatlas.com/SkimServer

Skimmer Server v.1.6 - Bjorn Ekelund

Status | Skimmer | Telnet | Operator | About |

Teinet Server

v" Telnet Server OK

SDR Receiver

v’ SDR Receiver OK

Activity

Segment Decoders

3 500.0 kHz Il)

S 350.0 kHz ]

7 000.0 kH=z 1€0

10 102.0 kH=z 25

14 000.0 kHz €7

12 0€8.0 kHz 1

21 000.0 kH=z 4

24 850.0 kH=z Q
Decoders 368 Number of CPU's |4

Spots in 30 min. 421

CPU Load 14.4%

Telnet Users 1 Signals Decoded |100.0%
""" LOKT]  Cancel | Aeeb |
v v




CW Skimmer Server

Simple Telnet feed with frequency, call sign, SNR, transmission speed and time

E@ 192.168.1.9 - PuTTY - m| x

* Typically CW Skimmer Server does
not report party stations, only
“CQ-ers”

e Spotting keywords:

CQ QRZ TEST NA SS FD UP

e Short call signs (e.g. SE5E) should
be repeated for secure spotting

* Remember that spotting is not
guaranteed even if propagation is
sufficient, e.g. due to interference

D
D
D
O
D
D)
D
D)
D
DX
i



RBN Aggregator s —

Status Spot Fitters Connections Patt3Ch Ist ini Files Skimmer Traffic Combined Skimmers  Secondary Skimmers  RTTYSkimServ FT8
Messages from the Reverse Beacon Network Server SpothmpIay showing spots sent to the RBN ;
o DX de SM7IUN-#£: 7013.0 F6I] 21 dB 22 WPM CQ 16172
Thanks for joining the Reverse Beacon Network DX de SM7IUN-#: 7017.0 RK3Q/7 28 dB 24 WPM CQ 16187
DX de SM7IUN-#: 7009.6 HB90BQR 27 dB 21 wPM CQ 1618Z
Cu rates a n agg regates S pots DX ge SM7IUN-#: 10116.0 IZ7WMM 31 35 30 WPM CQ 16197
) ) DX de SM7IUN-#: 7038.1 YL3AIT 31 dB 15 WPM CQ 16192
Skimmer Cornections Status DX de SM7IUM-#: 7026.6 DI&ZM 23 dB 28 WPM CQ 16207
- Connected to the Skimmer Server operated by SM7IUN in JOBSMR. DX de SM7IUMN-#: 7019.7 GOCBO 18 dB 14 WPM CQ 16202
befo re u Ioa d Ta to R B N C I ou d (I incomect check primary Skimmer Operator Settings.) DX de SM7IUN-#: 14039.3 W7QC 10 dB 26 WPM CQ 16217
. No problems with Secondary Skimmer connections found. g§ ge gm;%ﬂ:-: ;giig E%i %; SE gg :ﬂ'gm Eg iggg
. - q . . T M e o H 5 W

. . You have the same Patt3Ch lst file that is curently available on the RBN Server. DX de SM7TUN-2: 10114.0 RX3Q 35 dB 25 weM CQ 16317
DX de SM7IUN-#: 7011.3 RVELMNZ 19 dB 24 WPM CQ 1622Z
eg |g| e Oa O n Ost. REN Connection Status DX ge SM7IUN-#: 14006.0 LZ2HR 3 38 30 WPM  CQ 1622Z
T DX de SM7IUN-#: 14011.6 SVOAMS 10 dB 19 WPM CQ 16227
(CrrERmiimie fE fae DX de SM7IUN-#: 10113.5 W3WP 24 dB 22 WPM CQ 16227
DX de SM7IUN-#: 7013.3 RIZY 21 dB 25 WPM CQ 16227
DX de SM7IUN-#: 14060.0 EA5SEQ 2 de 12 WPM CO 1623Z
DX de SM7IUN-#: 14020.7 ZB2CW 6 dé 26 WPM CQ 1623Z
DX de SM7IUN-#: 10110.0 LZ7DL 10 dB 23 WPM CQ 1623Z
. REN Skew Data DX de SM7IUN-#: 10118.4 VYT2ZE 16 dB 20 WPM CQ 16247
Tel net CI Ient for CW DX de SM7IUN-#: 7011.0 RK4CT 22 dB 28 WPM CQ 16247
At 16:25z the RBM was not showing any frequency offsets for your Skimmen(s). DX de SM7IUN-#: 7025.0 UABEED 15 dB 27 WPM CQ 1624Z
DX de SM7IUN-#: 7006.3 RU3KA 20 dB 21 WPM CQ 1625Z
. DX de SM7IUN-#: 14100.0 ZSEDN 10 dB 18 WPM 1625Z
DX de SM7IUN-#: 14018.0 5V7EI 7 dB 26 WPM CQ 16257
a n S “ I “ I Iers. Spot Fiters DX de SM7IUN-#: 7016.3 RU3KA 19 dB 21 WPM CQ 16262
) ) DX de SM7IUN-#: 7018.5 DL1GZH 14 dB 13 WPM CQ 1626Z
Mot using MASTER.SCF fitter. DX ge SM7IUN-#: 10119.4 GS8VL 35 ﬂB 20 WPM  CQ 16267
. ) ) y DX de SM7IUN-#: 7038.2 RNGHI/E 7 d8 17 WPM CQ 1627Z
U D P b ro a d Ca St I | Ste n e r Net sending spots for calls in BadCalls b file. DX de SM7IUM-#: 14028.4 K2TV 17 dB 22 WPM CQ 16277
Mot sending spots if frequency is in NotchedFreqs b file. DX de SM7IUN-#: 7007.0 OK3EE 42 dB 18 WPM CQ 1628Z
) ) i DX de SM7IUN-#: 10113.0 LZ23B 15 dB 14 WPM CQ 1629Z
. Not sending spots for calls that look like a grid square. DX ge SM7IUN-#: 10114.1 UB7K 33 ﬂB 25 WPM CQ 16297
) ; ~ DX de SM7IUN-#: 7025.0 UAGEED 19 dB 27 WPM CQ 16297
fo r FT8 Skl l I l l I le rS. Net sending VHF+ spots ff SNR <= 1. DX de SM7IUM-#: 3520.0 R3OR 8 dB 26 WPM CQ 16302
DX de SM7IUN-#: 7017.0 RK3Q/7 26 dB 25 WPM CQ 16302
Local User Connection Status DX de SM7IUN-#: 14052.0 IT9FRT 19 dB 14 WPM CQ 1630Z
DX de SM7IUN-#: 3541.0 DK5JPL 17 dB 28 WPM CQ 16302
Agaregator listening for lacal users on port 7550. DX de SM7IUN-#: 10114.1 UB7K 33 dB 25 WPM CQ 16302
DX de SM7IUN-#: 14030.0 4Z4DX 23 dB 20 WPM CQ 16302
DX de SM7IUN-#: 14028.5 HZITT 31 dB 26 WPM CQ 16317
ini Files DX de SM7IUN-#: 7030.3 GOEV] 3dE 22 WPM CQ 1631Z
: DX de SM7IUN-#: 7013.0 HB9ICI 6 dB 24 WPM CO 16317
MNomal Rotation ini changed to SkimSrv-gray ini DX de SM7TIUN-Z: 3521.0 SP1IPM 22 dB 28 WPM CQ 1632Z
DX de SM7IUN-#: 3518.0 UAGKAC 16 dB 23 WPM CQ 16327
Skimmer frequency bandis): 3500 0-3570.0, 7000.0-7040.0, 10102.0-10130.0, 14000.0 DX de SM7IUM-#: 7013.3 R1ZY 27 dB 25 WPM CQ 16327
-14070.0, 14099.0-14101.0, 18068.0-12095.0, 18109.0-18111.0, 21000.0-21070.0, DX ge SM7IUN-#: 10113.5 RW3WP 26 gB 22 WPM  CQ 16322
Skimmer validation level is Normal. Recommend Nomal for CW, Aggressive for RTTY. g§ d: gm;%ﬂ:_: 1281%3 E:ES(#M ig dg gg :-Em Eg ig;g%
DX de SM7IUN-#: 7026.2 YT4EW 11 dB 22 WPM CQ 16332

cEHe@<4BTdk

http://www.reversebeacon.net/pages/Aggregator+34



The Reverse Beacon network . =557
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* A cloud service

/ gdom ! 1
frotand * P‘ o)

* “A shortwave communications data lake” o) - R

180m / F30m ! 20m I 17m [ 16m /

e All data available for download world wide /220 o S 200 o Erope ! oom o North Atand

show/hide my last filters

showing spots for DX call: LAIZA

rows to show: 50 -
* 300,000,000+ data points collected since 2009 . . == o
DLOLBS E=LA3zA 35344 CW CQ [LoTW] 19 dB 16 wpm 2031z 22 Ape
. . . R DLIEMY :.ELAJZA 3534 3 _zl?L_v:W] :wu j?.:.uu 2025f2um
e Extensive suite of online analysis tools e W SoTom e tw e

DF7GB £l La3za 35343 CW CQ [LoTW] 19 dB 15 wpm 2016z 22 Apr

160m spots 160m spots



Cloud-to-cloud: HA8TKS
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Cloud-to-cloud: University of Alabama

The Uniiversity of Alabvene  Collepe of Trgineering  Conputer Science

RF Propagation Analytics
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Cloud-to-cloud: DX maps

A s Traewinde  Login

DXMAPS 4.0 - QSO/SWL real time information ¥
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Sne - Personal

(Informats:
s R 42

Cacx o the map fof info.of Mat kcason |
Right<iick for more cptions

Se Person@  Radio  Softwiee DX maps

DX news

e == Tonsime  Login

DXMAPS 4.0 - QSO/SWL real time information @
[Europe| &frica | NAmerica | S America| Asia| Oceania| World| | /Gray ine + | Select options v [ Modes Gl S, 4

#ap [Uist] Graph [Chat
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VOWW info: SFI-T0 A=12 K=2.Unsetied SWX-Minor storm

B X s
Sovnto 2019-03-17 1657 IK20EB (MA5LD) 142180558 SVIEL (4006) 4305 km
2018-03-17 1854 ITOEB (JMSSAX) 142120838 XROZRC (FF05) 12851 ke Up & Tnx
ROYALTY 2019-03-17 1858 FEIIV (IN1BEW) 14074 0FTE  GWTIONAAVT (K140} &20%m FT8
FREE AUDIO 2019-03-17 18.50 IWIRJT (JNEASY) 142150838 0G2DX (1195) LOTW 4705 km tnx 4 gso 73 ¢
TRACKS 2019-03-17 1850 DLOIU (HO50K} 140744 FT8  CEFME (FFAT) 12189 km tnx FT8 qs0
2019-03-17 1650 FEBNU (JO10%)) 140320CW  5X3C (KJBTHW) 6066 km tnx for gs0.73 up
2019-03-17 18 40 TASFA [KNSOLUX) 142430588  5X3C (RIB1EW) 4397 ¥m
2019-03-17 18.46 EISGSB (051WL) 142130838  SVIEI (105 5100 ke Trands Lads La Fheds Padvaig
2019-03-17 1833 KODMW (ERS) 14,097 1 WSFR FIAGH (IND4R) LoTW 5955 km EN3S<>JNOSR) WSFR SNR=29
2018-03-17 18:48 OZ/T (JOS50F) 14.097 1 WSPR VSIARC {J087) 8545 km JOGSDF < JGBT WSPR SNR=-22
2019.03-17 18:48 GAC (IDU3FY) 14097 2 WEPR FIAGH (INO4RL) LoTW 1910 km I003F 1> N0SR) WEFR SNR=-2%
2019-03-17 18.48 IZOFKE (JNSIF#) 14097 2 WSPR GOCCL (JOGZEF) 1472 km INGIFW<»JO028F WIPR Shi=-11
2019.03:17 1848 Q71 (JOBSOF) 14,097 1 WEPR GO (J002EF) £6% hm JOSSOF < JO02EF WSPR SNR=-23
2013-03-17 16:44 EAZAAE (INS2KU) 14,0971 WSFR GOCCL (JOOZEF) 1068 ke INSZKU <> JOOZEF WSPR SNR=-24
120190317 1842 TASFA (XNS0UX) 142480538 SXIC LN THW) 4397 km uph
2019-03-17 1842 TROTTEL (JA0AL) 142180838  OEIZJC (INBEHH) 5351 km
12019-03.17 18 41 DLTJAN (IN4GIF) 142430888  SXIC RIIHW) 5727 b upA -
2019-03-17 1660 IWEGYL LMT7MN)  140220CW  ESITDOMMM (JF97) 7795 ke up 0.8 great earslt Enol YO
20190317 1836 EATJZZ (IMETEC) 142150588 9G20X (1195) LoTW 3521 km Trx OSO, &7 i Spain, 73
2019-03-17 18.35 IKZWSO LJN450L]  142180SS8  5V7EI (4105 4201 km 510 10w
20190317 1838 WIOKO (INGGE) 142150858 9G20X (U05) LoTW 4594 km
2018-03-17 18:35 IK2YDJ (JN55) 142180538  XROZRC (FF05) 12580 km tnx for qse
2019.03.17 1838 VKINHZ (OF22PE) 14007 1 WSPR HBSTIM (JNISFO) 16524 km OF22PE < INIMFQ WEPR S8=25
2019-03-17 1834 DUPAGENG (J03230) 14 097 1 WSFR EATADI (IMT7AI) 2000 km JOIZSQ-INTTAI WSPR SNR=-20
BACKGROUND 2019.03:17 18:34 QZT (JOUSOF) 14 097,1 WEPR GACTL (JU02EF) 865 ko JOSSOF <> JO02BF WSPR SNR=20
MUSIC 2019-03-17 18.34 EABGFK (IL3BE0)  14.097 2 WSPR F1AGH (JNOSR.) LOTW 2218 km IL38BO<»INORS WSPR SNR=-22
20190317 1838 EASUFK (ILIZH0) 14007 1 WEPR MUAFZ (JODIDE)  LoTW 2774 4m ILISB0<J001DE WSPR SNR=20
2019-00-17 18.34 SMAVEY (JDSOWK] 14 097 OWSPR EATAD (IMT7AI) 2755 km JOSIWK<IMTT Al WSPR SNR=-11
2019-03-17 1833 DPOGYN HBSIVI) 14097 1 WEPR GACTL (JO02EF; 13875 km BSGUH<> JOO2EE WEPR SNR=-20
12018-03-17 18 34 TFIVHF dFaanL) 14.097 O WSPR EATAIDN (IMTTAL) 3199 km HPSAWL<-IMTTAI WSPR SNR=-22

2019:03-17 1833 OIN (JOBSDF) 14.097 0 WSPR EATAD! (IMTTA) 2415 km  JOGSOF <M TAI WEPR SNR=-2
2019-03-17 18.34 EARGFK (IL3680) 14.087 1 WSPR GACCL (J0G2GF) 2869 km ILIGBO<»JO02EF WSPR SNR=-3
[2019-03-17 18.34 EABBFK (1L.3880) 14087 1 WSPR POYRA (JO22XF) 3094 km L3280 <> JO22XF WSPR SNR=-21
12019-03-17 1834 DKAFTIA (INSSDE) 14097 1 WSPR HZ15K (KL81) LOTW 3860 km JNSSOE«»KLDY WSPR SNR=-24
2016-03-17 18 33 IK42ZGX {JNSAKY) 140220CW  ESIDOMMM LIFS7) 8540 km nx
12019-03-17 18,33 SVTXRO (W060F) 142180538 IKBBQE (INTOEN) LoTW #035 km 3 great g=ac
[2019-03-17 18:32 IKASE (JNS4PL; 1480888 SVIE! (L0S) 4335 n mondo pescaton
2018-03-17 18:31 OEJIDE (INTEXK) 142180588 5VTEI (J)05) 4867 km NOT XROZRC
(201503-17 18:31 822 {AMBAQD) 142230858  IK8BQE (INTREN) LoTW 282 km e sscalta pol sarwl

https '//WWW dxma ps Com [2019-03-17 1531 FAWBL {IN25) 1421305838 XROZRC (FFOS) 12163 bm =

. . . 20190417 18 30 IKRROFE (M T0EN 14 21RO S8R XROZRE (FEOA) 12594 bm




Cloud-to-cloud: VOACAP

VOACAP Quick Guide

HF Py Predi

wod [enosphens: C Arnalysin

by Jari Perkibmiki, OHERG OGEG

What is VOACAP?

is Bee profeanonsl lugh. freguency (HF) geopagatson pred frwvere from NTIA JIS, cesgmally

YOACAP (%
developed for Voue of A (VOAX

Thus ‘work-1 ! wuade should et you well started v the soffware. A more rels d aboot the faer decails of wsing the softoare can be
found i George Lime's book Sipgal-so-Nosss Pradictions Using VOACAP A User's Guide The book i now available on CD-ROM.

There = sow also “The Odficiel VOACAP Blog” - well, ir's not 0o official VOACAP Onlme HY Predictions (Amatenr Radso) - 21:19:43 UTC (10:19 PATL)
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Client software: SpotCollector

Part of the larger DXLab radio station management suite.
Integration with propagation prediction tools, call sign data base, station logbook, awards rule base, etc.

# SpotCollector 8.3.0 @ 2019-03-12 21:52 Z [CC,DXK, PF,DXV,PV] 6 entries (log: SM7IUN.mdkb) — *
W 03-12 2106 2 Outgoing spot Spot zource status
4| =] sF [ 7 Histoy Call [CTTILT 18400Feg Custer| @ @ @ © @& © @ | | | |
[: B A 9 1 K NDtESl ﬂ Local | Hepu:urt| Statz | Praop | I:::unfig| Help |
Freq| Call D=CCCountry | Mode |LastTime MHates Source Metwork, [LastOr| Ma [ SAJEU|AF [AS]  Odx|State|Heed| SPS |SPPmo
18206 3BE=F Mauritivz lglan| Cw' |2019-03-12 2144 [QSK 1822 25 DL1ROJ  |EIFMRE (EU ¥ 359 L&
1824 5(.JA500OH Japan Cwd (20190312 2142 |Cw/ 18 dB 22/ CO [JF2MWL-H# |VETCC  [AS ¥ Yol 1270 LZ
1840,0| 7PELE Lezatha FTE [20159-03-12 2141 |FTE narmal EUOEU-E | COD EU Yo 297 LZ
7 092,0| 7FPELE Lezatho S5E (201590312 2142 |onlyJa [W3RIT COD EU ¥ B30 ] 3
10110,00<RIERC Juan Fernand| Chf | 2019-03-12 2145 [QSX10111.88 [0OTA SAL|EALZE, EITMRE (EU Ol Y| 936 Lz | & 3
p | 14 M20=RIERC Juan Fernand| Chwf | 20015-03-12 2149 | =till BB here DhABEM EITMRE (EL YT 533 D 7 aa
Sort Filter: SGL [Heed F] Color codes
 Fist ¢ Call || [cezev #| AutoHide | Meed | Cal | DXCC | Freq | Tag | Band | Mode | Cont | 0Origin ||| g eited i onwekaBorm
" Last f« FTEEI Audio .-'f-.ge LoTw EQSL b rthi o B unnceded B unwrkd counter
(" Aoy Az ﬂ J - ¥ T f-usf—u Meed F | MNeed C | M+ EL | Cwiops | Ik | Meed S5 | My zpot | Myneedl B onconirmd B specialtag

http://www.dxlabsuite.com



What use is the RBN for me?

Antenna
Contesting DX-ing experiments

* Band openings * Band openings * Antenna directivity
* Band-map filler e Alerts for rare stations e Radiation angle
* Spots you * Propagation reports * A-Btesting

* Find clear spots
* Strategizing
* Benchmarking competition
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Two professors and a software guru

Prof. Joe Taylor Prof. Steven J. Franke Bill Somerville
Former Dean of the Electrical and Computer Brilliant software guy
Physics Department, Engineering Stokenchurch, UK
Princeton. University of lllinois at

Nobel Laureate Urbana



The back story

 When Joe Taylor was approaching 60 in the late 90’s, he got an urge to
return to the hobby of his teens: ham radio.

* A childhood dream was to communicate using moon-bounce but he was
also fascinated by intermittent propagations, such as meteor scatter.

* Having extensive experience from weak signal detection (radio astronomy)
and deep space communications he wanted to try this also for himself.

* |n 2001 the DOS-based software WSIT was released.

* He later joined forces with remote sensing Professor Steve Franke and
brilliant British software designer Bill Someruville.
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Modulation characteristics
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Required SNR

Modulation + protocol m

SSB (telephony) ~10dB
MSK441 -8dB
Human Morse code -15--18dB
FT8 -21dB
JT4 -23dB
JT65 -25dB

JT9 -27dB
QRA65 -27dB

WSPR -31dB



FT8 — Franke-Taylor-8FSK odd | Ever

* T/R sequence length: 15s
* Message length: 75 bits + 12-bit CRC Even 0dd
* FEC code: (174,87) LDPC

* Modulation: 8-FSK, keying rate = tone spacing = 6.25Hz
* Waveform: Continuous phase, constant envelope

e Occupied bandwidth: 50Hz

* Synchronization: Three 7 x 7 Costas arrays (start, middle, end of
transmission)

* Transmission duration: 79 x 1920/12000 = 12.64s

* Decoding threshold: -20dB SNR (down to -24dB with a priori decoding)
* Multi-decoder: finds and decodes all FT8 signals in passband




Typical contact — message exchange

Party station You

CQ ZL2LW RF80

ZL2LW SM7IUN JO65

SM7IUN ZL2LW -18

ZL2LW SM7IUN R-16

SM7IUN ZL2LW RR73

ZL2LW SM7IUN 73




Using the software
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PSK Reporter

On  all bands ¥ |, show signals ¥ | rcvd by v | the callsign v sm7iun using allmodes ¥ overthelast 24 hours v Go! |Display options Permalin

Automatic refresh in 3 minutes. Small markers are the 1621 transmitters (show logbook) heard (distance chart) at SM7IUN (22426 reports, 135 countries last 24 hours; 158269 reports, 150 counines last week)

There are 3357 active monitors: 1031 on 40m | 284 on 80m, - , 109 on 60m, , 60 on 2m, 56 on 6m, 33 on unknown, 4 , 4 on 600m, 2icm, 3 on
4m, 2 on 2200m egen

-

——"

stance chart) at SM7IUN (24775 reports, 143 countries Ias.tE-f-l hours; 160391 reports, 149 couniries last we

Rx at Thu, 21 Mar 2019 17:14:45 GMT X "': q

From ZL2IFB in Hawke's Bay, New Zealand
Loc RF80hi44tt by SM7IUN

Distance: 17844 km bearing 40

Frequency: 3.573.960 MHz (80m), FT8, -17dB
Last LoTW upload: Thu, 07 Mar 2019

>

ypenhMap Tilas & OpenSireetiMap contnbutos

Statistics — Comments 1o Philip Gladstone — Online discussions Reception records: 6,529,442,773 (150/sec) — Hosting by Fast Serv Networks, LLC



Table 1: Parameters of the Slow WSJT-X Protocols

Bandwidths (BW) are for the narrowest submodes. S/N threshold is referenced to a 2,500 Hz bandwidth
at a 50% probability for decoding of an unfading signal.

Mode

FT8
JT4
JT9
JT65
QRA64
WSPR

#Modulation includes one additional tone used for synchronization.

FEC type
(n,k)

LDPC(174,87)
C(206,72)
C(206,72)
RS(63,12)
QRA(63,12)
C(162,50)

qm Modulation

13 8-FSK
12 4-FSK
1 3# 9-FSK
6 6# 65-FSK
6 6 64-FSK
12 4-FSK

Keying rate,
baud

6.250
4.375
1.736
2.692
1.736
1.465

Table 2: Parameters of the Fast WSJT-X Protocols

50.0
17.5
15.6
177.6
.1
5.9

BW, Hz

Sync energy

0.27
0.50
0.19
0.50
0.25
0.50

TX duration, s

12.6
471
49.0
46.8
48.4
110.6

S/N threshold,
dB

—20
—23
=27
25
—26
—28

MSK144-Sh is the optional short-message format in the MSK144 protocol.
BW, Hz

Mode

ISCAT-A
ISCAT-B
JTOE
JTOF
JTog|
JTOH
MSK144

FEC type (n,k) qgm

LDPC(128,80)

MSK144-Sh LDPC(32,16)

Mod

—_ 42-FSK
—_ 42-FSK
9-FSK
9-FSK
9-FSK
9-FSK

— = W Www
H o H R

]
]
y
y
y
y

OQPSK
OQPSK

#Modulation includes one additional tone used for synchronization.

21.5

43.1
25
50
100
200
2,000
2,000

Keying rate, baud

905
1809
225
450
900
1800
2400
2400

0.17
0.17
0.19
0.19
0.19
0.19
0.11
0.20

Sync energy

Message duration, s

1.176
0.588
3.400
1.700
0.850
0.425
0.072
0.020



Example: DL1VPL Thomas Hartig in Dresden

mcumu.,ﬂ that )

Hartig, DL1VPL

The American Radio Relay League, Inc.

DX CENTURY CLUB

This Certifies that
‘Thomas Hartig, DL1VPL

Has this day submitted evidence to the American Radio Relay League showing two-way
communication with other amateur stations in at least one hundred different countries,
This certificate recogni: standing perf and attests to membership in the
DX Century Club.

2 Meters

Sl i 444.4,
August 5, 2017 Proakdam, ARF.
TENEY LJL__QAAJEU.LL}'V:;'I.LWI&_.LLL!!]I‘J_}“ SadgNavi ey




Resources

e The Swedish association for radio amateurs
https://www.ssa.se/

* Online Morse code training
https://morsecode.scphillips.com/trainer.html
https://lcwo.net/

* Lecture on weak signal communications by Joe Taylor
https://youtu.be/233HQs 8JGQ

* Joe Taylor’s web page at Princeton University
https://physics.princeton.edu/pulsar/k1jt

 Ham radio science organization
http://www.hamsci.org/



https://www.ssa.se/
https://morsecode.scphillips.com/trainer.html
https://lcwo.net/
https://youtu.be/233HQs_8JGQ
https://physics.princeton.edu/pulsar/k1jt
http://www.hamsci.org/
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