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Prehled ,
- Uvod

- Mésicni povrch jako odrazna plocha
- Rozsireni spektra odrazeného signalu
- Doppleruv posuv
- Polarizace signalu

- Digitalni komunikace
- JT65
-JT4
- QRAG4
- Parametry komunikaénich aparatu
- Anténa
- Sumova teplota systému
- Echo
- Pfesnost a stabilita frekvence
- Kompenzace Dopplerova posuvu
- Zaver
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- Koeficient odrazu k = 0,065
- Prumér Mésice d = 3500 km

- Efektivni prufez s = 6,25.10'! m?
(CR ma rozlohu asi 7,9.101% m?)

1010l £ = 10100 5% A=3cm
P * (4=) D*

4

V perigeu je utlum EME ~ 287,5 dB
V apogeu je utlum EME ~ 289,8 dB
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Rozsireni spektra odrazeného signalu

- délkova (longitude)
- Sirkova (latitude)
Librace Mésice -denni  (diurnal)

- fyzicka (physical)

200 700

..L_I.I-l_ln..l.l. t LLJ.J.].LJ.
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Nejmensi ,spread” pro protéjSek v Japonsku
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Doppleruv posuv

() q=r+  g=s=
: & C

v=fL N\
° P Mutual = =38 +,
v, //{ma g kmfs:“\\\ v f=104GHz DP=+25kHz
/ \ Echo A

\ Echo B=>Mutual-

Full Dopp = F,, —&and F, +9
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Polarizace signalu

Spatial Angle
CP-CP versus LP-LP e
at 45° Earth
T
1,6 dB pro LP-LP A Transmitted
[6] g — horizontal
Arrives "

vertical

O Moon
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DIGITALNI KOMUNIKACE

Joseph H. Taylor, K1JT -
WSJT (Weak Signal communications, by K1JT) [7][14].

¥ WSIT-X v1.7.0-devel byKLIT — o] x|
File Configurations View Mode Decode Save Help
Single-Period Decodes Average Decodes

oTc dB DT Freq Mes=age urc dB DT Freq Mez=age
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SNR az -28 dB (Bn = 2500 Hz) citlivost vuci CW je asi o 10 az 14 dB vétsi
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JT65

- FSK - 65 tony s konstantni amplitudou s fazovymi prechody v nule

- ekvidistantni odstup 2,69 (JT65a) 5,38 (JT65b) a 10,77 Hz (JT65C)

- kdédovani je pfesné uzpusobeno pfedavané zpravé — volaci znaky a lokator

- zdrojové kdédovani — Sest 12ti bitovych symbolu

- FEC — RS pfidanim 306 redundantnich bitt — kédovy pomér 378/72 = 5,25

- interleaving do matice 7 x 9 — Grayuv kod mensSi citlivost na frekvencni nestabilitu
- jednominutova sekvence T/R — béhem 1 minuty se zprava 5x opakuje

v v s

Single-Period Decodes
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JT4

- FSK - 4 tény s konstantni amplitudou s fazovymi prechody v nule

- ekvidistantni odstup 4,375 (JT4a) az 315 Hz (JT4g), nejCastéji JT4f 158/630 Hz

- kdédovani je pfesné uzpusobeno pfedavané zpravé — volaci znaky a lokator

- zdrojové kdédovani — Sest 12ti bitovych symbolu stejné jako JT65

- ECC - robustni konvolu¢ni kédovani s délkou 32 bitl — kddovy pomeér 2 - 206 bitu
- jednominutova sekvence T/R

- synchronizace pseudonahodnym vektorem — LSB kazdého symbolu — neni videt

- Averaging — umoznuje dekodovat zpravu opakované vysilanou i s mensSim SNR

CEEERETSTTO ~iminl

Fis Corhpraies Sew Soie  Oecde  See Hels

1
Serverats Tl b | Yot i | B

E UuZelon Jl__l_v- LT BT TR | m1 || -
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e T 70 M TR e T (1] ] e
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Tab. 1. Pfrehled médu WSJT pro EME [9]

Mode T/R(s) Mod FEC Nsps Baud df (Hz)  BW (Hz) cps S/N (dB)
JT65A 60 65-FSK RS(63,12) 4096 2.69 2.69 178 46.8 -25
JT65B 60 65-FSK RS(63,12) 4096 2.69 5.38 355 46.8 -24
JT65C 60 65-FSK RS(63,12) 4096 2.69 10.77 711 46.8 -23
JT4A 60 4-FSK  K=32,r=1/2 2520 4.375 4.375 17.5 47 1 -23
JT4B 60 4-FSK  K=32,r=1/2 2520 4.375 8.75 35 47 1 -22
JT4C 60 4-FSK  K=32,r=1/2 2520 4.375 17.5 70 47 1 -21
JT4D 60 4-FSK  K=32,r=1/2 2520 4.375 39.4 158 47 1 -20
JT4E 60 4-FSK  K=32,r=1/2 2520 4.375 78.8 315 47 1 -19
JT4F 60 4-FSK  K=32,r=1/2 2520 4.375 158 630 47 1 -18
JT4G 60 4-FSK  K=32,r=1/2 2520 4.375 315 1260 47 1 -17

- generace tonu a vzorkovani — zvukova karta PC

- puvodné sf = 11025 Hz, 16 bit a nyni u WSJT-X sf =48000 Hz a 16 bitu rozliSeni
- pro dekdédovani RS Koetter-Vardy dekodér, nyni Frank-Taylor dekodér

- zdrojové kddovani — Sest 12ti bitovych symbolu stejné jako JT65
- WSJT umi i dalSi médy JT9, WSPR
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QRAG64

- po turbo kodech prisly LDPC, vCetné novych metod dekodovani

- Nico Palermo IV3NWYV navrhl protokol a Joe Taylor jej implementoval do WSJT-X
- kédovani Q-ary kddem je lepSi nez RS (63, 12) — lepsSi citlivost 0 1,3 dB

- synchronizace Costasovym vektorem 7x7 — lepsi citlivost o 1,9 dB

- nejsou k dispozici zkracené zpravy a nepracuje se s databazi call3.txt

- pfi dekddovani jsou pouzity informace z predchozich relaci

- Averaging — zatim neni implementovan (ale urcité bude)

B WSIT-E w7 0-devel by 0037 (=i
P Configurstons Visw Mode Decode  Savs Halp

S -Pericd Decodes A Dhecndey
OIC ©H DT Frey  Heassge IIC HE O Frag Measage
OU44 =31  T06 NTE ER ORIND GINDG B-FE @ 0 L TeT I IO W =ORDE Lhoiay - 22
3 g 2l 0643 Tw §  CINDI OKIAQ -33
o el Im 1000 § GINDE OEZAQ RRR
GE4T Tu 1000 @ GIWDD ORIAG RER
45 T 1060 § GINDG OKZAQ T3
1634 -30 2.6 B4& z* THN MIBER O6E1 T 1000 @ 73 CHRHELIE
Q655 -30 1.7 1238 1 =|| o853 T 1460 @ T3 CHABLIE =
| e | cewsq | g Epers | pee | pee |
% I Txereniist |
i it !__ Gererate St Mgy | ] herm Fus
-
Te 1000 Mz ] | TH I
. : 15! [cmmc e v = s || 1S
Rx 1032 e = S [enims oag 3 r nz [T Y |
I LotToskn  [Racorn 21 =3 i
| T T L r T3 j
= [awos orang rer » Tx 4
M EE clefmy
2016 Seap 30 [ ouwaE e [ )
06:55:56 e = =1 | [ogoasg xes r T
| Frot 200 3

Lt Te Ensle hred | FENNENONNDNNENERNENE =0 v

Pardubice, 18. 10. 2017 , XXVIl. RADIOKOMUNIKACE



MATLAB DEKODER QRAG64
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Parametry komunikaénich aparatu
Antény

1,8m/1,1° 2,7m/0,8°

4,2m/0,5° 4,5m/0,5° 13 m/0,2°

Pardubice, 18. 10. 2017, XXVIl. RADIOKOMUNIKACE



1,8 m dish f/D =0,38

Polarizace, kompenzace ,spatial” offsetu (30°-1,25 dB)

. , . P:
presny ,tracking” P
Vd 7 v v v v [ o] e | e s [ =1 e b
fazovy stred ozarovace N —— S
.':-::r_:-‘zmmhm B 148, 1525% MHz
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1.2 m
offset dish
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Bottom piece
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LNA

i s Agilent  11:19:47 Feb 13, 2014
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Frequency

Freq Mode,
Sreep

StartFreq
100080080 GHz

Stop Freq
11.0680080 GHz

Center Freq
1605080080 GHz

Freq Span
1.00880080 GHz

Fixed Freq
103680080 GHz
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50 W GaN SSPA
for 10 GHz

Drain efficiency
[1>40 %
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Absolutni presnost a stabilita frekvence < 10-8
Atomovy oscilator — Cesium (GPS) nebo Rubidium

Rubidiovy
oscilator

DDS

FES680A

Presny oscilator pro mikrovin
(majak nebo lokalni oscilato
Mirek Kasal

zarizeni

1PPS  (D4)

PC - Cas musi byt
presnéjsi nez 1s

96,00046299 x 108 = 10368,05000292 MHZ

9.6.... MHz

96 MHz X-tal

| oscilator PLL
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KOMPENZACE DOPPLEROVA POSUVU

%]
2016 Ooct 30 —Doppler tracking
UTC: 10:41:46 e Rl | ”
Az: 183.3 Full Doppler to DX Gri T .
El: 30.8 " Receive only T
R
SelfDop: -1966 " Constant frequency on Moon o | T | |
Width: 230 & Q i
Delay: 2.69 one “— | | | 3 .3
DxAzZ: 231.1 > v
—Sked frequency
DxEL: -23.8 -
DxDop : _932 | Rx: 10,368.100 000 J
DxWid: 96 Tx: 10,368.100 000 = A
Dec: —-5.9 Press and hold the CTRL key to H_:
SundAz: 181.3 adjust the sked frequency manually — J
sunkEl: 296.8 witl_'u the rilg's VFO dial or enter - e
Freq: 10368 directly into the band edit. r.,z_’_ -
Tsky: 3 =
Dpol: 37.3
MNR: 11.6 1 2 3 4 5 6
Dgrd: -2.2
i Doppler tracking
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+12V
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SDR CTRL

5

14-19 MHz

TRX

27 dBm

144 149 MHz

17 dBm
130 MHz

@D

Rubidium 2X
E—L 65 MHz

|

OCXO

148 - 18 MHz Transverter

DDS

10,6458333 MHz

{} RS232
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=) WSIT-X EME DopplerShift Compensation by OK2AQ & G3 — o x|
Frequency DxDopp SelfDopp DxEcho
10368 -11389 -21371 I -1407
i~ Mone ¢ Full Doppler " ConstFregMoon = On DxEcho
Period [s] @« RxFreq © 2x & TxFreq  2x
RxFull | | 18:56:03
01 —— 3 21371 s | | Rx
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