 POKROCILE METODY KOMUNIKACE
ODRAZEM OD MESICNIHO POVRCHU
L/ ~“\/PASMU 10 GHz

Miroslav Kasal

UREL FEKT VUT v BRNE

kasal@feec.vutbr.cz
http://www.urel.feec.vutbr.cz/esl/files/EME/EME.htm
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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 komunika€nich aparatu
- Anténa
- Sumova teplota systému
- Echo
- Pfesnost a stabilita frekvence
- Kompenzace Dopplerova posuvu
- Zaver
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- Koeficient odrazu k = 0,065
- Prumeér Mésice d = 3500 km

- Efektivni prufez s = 6,25.1011 m?
(CR ma rozlohu asi 7,9.10% m?)

P S-°
10logl -~ |=101lo A=3cm
g(pl g(@m)w]

t

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)

S00 700
[S N N | .l.l J-lﬁl_l,l.l.l_.l,l
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ONTHLY LUNAR LIBRATION - Apr 2010
o2 00N
Topocentric
O hn LT -

oonCalc 6.0, () Monzur Ahned

-

30

00006 ¢ € (( (CcCD033)1rve000008

= o ban
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Nejmensi ,spread” pro protéjsek v Japonsku
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Doppleruv posuv

V
g=12

Mutual = 9=84 + 9,

f=10,4 GHz DP ==+ 25KkHz
Echo A

<

(max. ~1 km/s)

Echo B = Mutual-

Full Dopp = K, —%and F,, +9

Const Freq on the Moon = F, —g and F., +§

Praha, 16. 11. 2016, CES MT, 45. semindf




Polarizace signalu

Spatial Angle
CP-CP versus LP-LP A
atnl;is 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

2211 -13 2.3 1307 #* CQ NC1I FN32 £ ﬂ 2212 T=x 900 # NC1I OKZAQ JNEB9 d

2213 -12 2.3 1306 #* CQ NC1I FN32 £ 2214 Tx 800 # NC1I OK2AQ JNEB9

2215 -10 2.3 1343 #* CQ NC1I FN32 i 221l Ix 800 # NC1I OK2RQ JNEB9

2217 -12 2.3 1347 #%# CK2AQ NC1I FN32 OO0 £ 2218 1Ix 800 # RO

2219 -12 4.4 1344 £ ERRR 2220 T=x 800 ¥ 73 |

2221 -12 2.8 2222 Tx 800 # 73 =l

1340 # 73 ZI
|

Log Q50 Stop Monitor Erase | Clear Avg | Decode Enable Tx | Halt Tx | Tune |
. —
70cm h . y 432 . 000 000 M Txeven/1st |Q Generate Std Megs | Next MNow Par
S [Tx 800 Hz =] | Tx—Rx | |’r: -
s " oxcal —— - ™ [ncir okaag e ™1 | -
IRX 1814 Hz 3. Rx —Tx -
50 [ x| Fumb 4| {nc11 ok2ag -10 8 T« 2 |
d 40 : Az: 300 6599 km ™ Lock Tx=Rx IReport -10 E I 0 P 3 -
30 - I Sync -1 3: =
2 - Lookup | Add | IRRR I g |
v EME delay
10 -
R 2016 Nov 12 [prmmece i I7 o
34.6d8 - 22:23:33 [From =] [cookeaqes s Txs
I Receiving | TesB | LastTx: 73 | AutoTxEnable Amed  |NENENNNNNNEN 33f60 |wpsem Y

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 pfechody v nule

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

- kddovani je presné uzpusobeno pfedavané zpravé — volaci znaky a lokator

- zdrojoveé kdédovani — Sest 12ti bitovych symbolu

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

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

[ &4

Message

N ,"l coa i i ‘l A Sl v
:‘J ll"‘-l,f‘ ‘«’1‘ J"..‘JW "]l‘a 'L|" {r‘f ")u“i“[ll j‘f, IEN 'q‘ﬁ”".'r‘h LI?M"T e ‘f.“ \

Praha, 16. 11. 2016 , CES MT, 45. semindr



JT4

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

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

- kddovani je presné uzpusobeno pfedavané zpravé — volaci znaky a lokator

- zdrojoveé kdédovani — Sest 12ti bitovych symboll stejné jako JT65

- ECC — robustni konvolu¢ni kodovani s délkou 32 biti — kddovy pomér % - 206 bitu

- jednominutova sekvence T/R

- synchronizace pseudonahodnym vektorem — LSB kazdého symbolu — neni vidét
- Averaging — umoznuje dekddovat zpravu opakovane vysilanou i s mensim SNR

%' WSIT-X vi7.0-devel byK1IT =10 il
File Configurations View Mode Decode Save Help
Single-Period Decodes Average Decods
uIC dB DT Freg Message uIC dB DT Fregq Message
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Tab. 1. Pfehled moédia 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 4.375 394 158 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 ténu 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 kdédovani — Sest 12ti bitovych symbolu stejné jako JT65

- WSJT umi i dalsi moédy JT9, WSPR......
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QRAG4

- po turbo kodech prisly LDPC, vCetné novych metod dekddovani

- Nico Palermo IV3NWV navrhl protokol a Joe Taylor jej implementoval do WSJT-X
- kddovani Q-ary kédem je lepSi nez RS (63, 12) — lepsi 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 dekédovani jsou pouzity informace z predchozich relaci

- Averaging — zatim neni implementovan (ale urcité bude)

8'WSIT-X vl.7.0-devel by K1JT ;IEILI
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Single-Period Decodes Average Decodes

uTC dB DT Fregq Message
= E E-386 o ;I U691 I 00 @ G3IWDGE URZA -3
0646 -30 2.6 967 :* OK2AQ G3WDG R-36 1] 0643 T=x 1000 @ G3WDG CK2&Q -32
0648 -29 2.7 969 :* CEZRAD G3WDG 73 o 0645 Tx 1000 @ G3WDG OK2ZAQ RRR
0650 -30 4.2 957 : 0847 Tx 1000 @ G3WDG CK2AQ RRR
0652 -30 4.4 951 : 0643 Tx 1000 @ G3WDG OK2ZRAQ 73
0654 -30 2.6 966 :* THX MIREK s} 0651 T=x 1000 @ 73 CHARLIE
0655 -30 1.7 1228 : || 0653 T=x 1000 @ 73 CHRRLIE
Log QS0 | Stop | Monitor Erase | Clear Avg | Decode Enable Tx | Halt Tx | Tune
P _
E=msll 10,368.206 600 "« q eerstestims | e
T 1000 Hz T —Rx
_ | o
— DX Call DX Grid | |G3\.|’DG QK2AQ JMB9 Tx1

IGS\IDGOKHQ -32 Tx 2

Rx 1032 Hz 3 X —Tx |
50 - | G3wos 1092rg

- ™ Lock Tx=Rx IRptBZH
o Az: 289 1213km | G3wDG oK2AQ R-32 Tx 3

-
i
-

2 Lookup | | sme 1] [ e3woG ok2aq RRR « Txd
&
i

V' EME delay
2016 Sep 30 |pr—rr=| [73 crarce El
o T 06:55:56 [Fromo =]  [cQoxzqnes

NNNNNNNNNNNNNNNNNNNN  s560 (wD:em g

-

Tx5

R

I | QRAS4D  |LastTx: 73 CHARLIE | Auto-Tx-Enable Armed

Praha, 16. 11. 2016 , CES MT, 45. semindr



MATLAB DEKODER QRAG64
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=} Figure 1
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Parametry komunikaénich aparatu
Antény

1,8 m/1,1° 2,7m/0,8°

42 m/0,5° 45m/0,5° 13 m/0,2°
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1.8 mdish f/D =0,38

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

presny ,tracking” e
4 s v v v pos [ =] Gomn [ sedeg || bt [T =] Gose | seeden
fazovy stfed ozarovace e =
sfg:{«;;:: Trorsceiver req. [198.15238 e R 148.15238 MHz

Radiation Pattern 1 CircularWG_Antenna_ADKvI
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Ozarovac RHCP - LHCP

Otoc¢na LP
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SUMOVA TEPLOTA SYSTEMU
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LNA
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o Tees ' ®® =5+40+0+52=97K

" 1o/ W BLACK-

BODYT;OOO,]”B 5+40+20+52=117 K

From Top to Bottom at the Y-al
HPBW /Dy = 1011 121314151752.0

(]
[=]
(=]

03 | -

113 _ 226
3)

02 b

-----

TEMPERATURE, K
S
=

NORMALIZED TEMPERATURE INCREASE (Tine /Ty )

100 | 34.0 GHz
T ~ 200K o
bMF ~
0 | | 0.0
0 80 180 270 360 0 1 2 3 4
New First Quarter Full Third Guarter New DISK CENTER-TO-BEAM CENTER DISTANCE/ DISK RADIUS

LUNAR PHASE, deg

MN =10log(T,,,,,/ Ts) =10log(117/97) =0,81dB

Praha, 16. 11. 2016 , CES MT, 45. semindr

Moon



e Yew PoutDevce  SoundCad N Setup |

£S5t Doado Setip  Geners Setup

MN/CS

Witertad | H Aateand

Cowe

Sy Spectraiue Ver. 3.27 SpectraVuednl =18 X}

e Yew PputDevce  SoundCard N Setup O

Eado Setp  Geners Setup 3

SN/CS

=7

SOunOCard »Sound 6 s

Praha, 16. 11. 2016 , CES MT, 45. semindr




To=Toy +Tg+Ty + T, =T, + 15,

SNR degradation by receiver
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ECHO
SEET

IBins;‘Pier 5 3: Gain ——_|—— Zero ——_|—— ISmonﬂﬂ 1 3: N: 22

%' SpecIT by KLIT _ ol x|
Options Freq: 1911 DF: 640 (Hz) Bwl Speed: € 1 ¢ 2 & 3 (" &4 (5 " H1 (" H2
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Vetsi ,,spread”
- averaging

Jednotlivé odrazy
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SSPA je v ohnisku s WG prepinacem a LNA
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Absolutni presnost a stabilita frekvence < 108
Atomovy oscilator — Cesium (GPS) nebo Rubidium

Rubidiovy
oscilator

DDS

FES680A

Presny oscilator pro mikrovl

(majak nebo lokalni oscilato
Mirek Kasal

3 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

W5IT-X - Astronomical Data

2016 Oct 30
Urc: 10:41:46
Az: 183.3
El: 30.8
SelfDop: -1966
Width: 230
Delay: 2.69
DxAz: 231.1
DxEL: -23.8
DxDop: -9362
DxWid: 96
Dec: -9.9
Sunhz: 181.3
SunkEl: 26.8
Fredq: 10368
Tsky: 3
Dpol: 37.3
MNR.: 11.6
Dgrd: -2.2

i Doppler tracking

—Doppler tracking
" Ful Doppler to DX Grid
™ Receive only
" Constant frequency on Moon
% None

—Sked frequency

Rx: 10,368.100 000
Tx: 10,368.100 000

Press and hold the CTRL key to
adjust the sked frequency manually
with the rig's VFO dial or enter

directly into the band edit.

Tx freq —

Rx freq
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|
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148 - 18 MHz Transverter

DDS

uP

10,6458333 MHz

I reas

Praha, 16. 11. 2016 , CES MT, 45. semindr

D



=) 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 |
18:56:03
0.1 3 21371 o | | R
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