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Suvakosmosest parinevate raadiosignaalide jaotus

* Loodusliku paritoluga raadiosignaalide allikad
» Mikrolaineline taustkiirgus
»Tahed
»Pulsarid
»Planeedid

* Moistuslike olendite poolt tekitatud raadiosignaalide allikad
» Inimese poolt ehitatud objektid
»\V0oimalikud teiste tsivilisatsioonide poolt tekitatud signaalid




Sidepidamine suvakosmoses liikuvate objektidega

 \Vaga suured vahemaad
0.013...100 AU (1 AU=149597871 km), Kuu orbiit on naiteks 0.025 AU

* Piiratud saatevoimsused kosmoses asuvatel objektidel
tavaliselt 10 ... 100 W

» Adrmiselt suur todkindlus, et tagada tdrgeteta side pikaajaliste
kosmosemissioonidega

e Jarjest suuremad nduded edastatavate andmehulkade mahule
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Kasutatavad sagedusalad

Deep Space Bands Near Earth Bands
(for spacecraft greater than (for spacecraft less than
Band 2 million km from Earth) 2 million km from Earth)
Designation ] - ) -
Uplink Downlink Uplink Downlink
(Earth to (space to (Earth to (space to
space) Earth) space) Earth)
S-band 2110-2120 2290-2300 2025-2110 2200-2290
X-band 7145-7190 8400-84350 7190-7235 8450-8500
K-band * " * 25500-27000
Ka-band 34200-34700 31800-32300 " "

* No allocation or not supported by the DSN.




Suvakosmose raadiolingi ,eelarve”

« Vaba ruumi kaod, ehk signaali nGrgenemine saatja ja vastuvotja vahel:

o= (&)

A - lainepikkus
Ls - signaali vdimsuse ndrgenemine
I' - kaugus saateantenni ja vastuvotuantenni vahel

Naiteks Nasa Juno: r=950000000 km, A=0.0355 m,

Ls =-290.6 dB



= Juno antenni labimdot: 2.5m, voimendus 8.4 GHz lainealas: 44.5 dB
* Juno saatja valjundvoimsus 25 W = 44 dBm

= Juno EIRP =44.5dB + 44 dBm = 88.5 dBm

= Vaba ruumi kaod Ls = -290.6 dB

* Maale jouab: -290.6 + 88.5 = -202.1 dBm, kui vastuvotuantenni voimendus
oleks OdBI

* Naiteks 3m labimbdduga parabooli korral oleks antenni voimendus 46 dB
» Vastuvotjasse jouaks sel juhul: -202.1 + 46 = -156.1 dBm

» Tegelikult on kandevsageduse osa norgem, kui kogu signaali voimsus,
suur osa laheb modulatsiooni kulgribade peale

» Reaalselt on meil siis olemas signaal voimsusega ca -160 dBm, mida on
raadioamatoori kasutuses oleva tehnikaga taiesti voimalik avastada



Deep Space Network - DSN

* Teenindab peaaegu koiki sivakosmoses lendavaid kosmoseaparaate

e Kolm peamist maajaama, mis asuvad pikkuskraadi jargi ca 120 kraadise
vahega:
Madridi jaam Hispaanias
Goldstone jaam Californias USA-s
Canberra jaam Austraalias

* |gas jaamas on Uks 70 m l[abimddduga paraboolantenn ja 3 voi 4 34 m
labimdoduga antenni

* Lisaks tavalisele sidepidamisele kasutatakse DSN-i ka kosmoseapparaatide
tapse asukoha maaramiseks (ranging)

* Selleks on igas jaamas olemas vaga tapne sagedusetalon (sageduse tapsus
kuni 10~1°). Kauguse mairamise tipsus < 10 cm 5 AU kaugusel



Vastuvotutehnika X laineala jaoks Toraveres

* Antenn
3 m labiméoduga parabool, f/d=0.3,,f

« Antennipooraja
EGIS ProfiTracker XL

« Kiirgaja
Chapparral tutpi, teflonist depolarisaatoriga
ringpolarisatsiooni tekitamiseks




Vastuvotutehnika X laineala jaoks Toraveres

» Eelvbimendi (LNA)
KU LNA 8000 B, Super Low Noise Amplifier 8000 ... 8450 MHz: NF=0.8 dB

G>=28 dB ’
& SUPExR-%Ax?‘O‘SE —L
,;} AMPL\F\ERB o
w0
* Ribafilter

Lainejuht-filter, vene paritolu lennuki radari moodulist

« Konverter ( RF=8400...8500 MHz, LO=7000 MHz, IF =1400 ... 1500 GHz )

Valmistatud NEC 6 GHz mikrolainelingi moodulitest, LO on 7 GHz PLL tugisagedusega
12.8 MHz. Sisemise ostsillaatori asemel tuleb tugisagedus signaalgeneraatorist, mis on
omakorda sunkroniseeritud tapse aatomikellaga



Vastuvotutehnika X laineala jaoks Toraveres




Vastuvotutehnika X laineala jaoks Toraveres

« SDR

USRP N210 + WBX sisendmoodul, SDR on samuti sunkroniseeritud 10 MHz
aatomikellaga

Vahesagedus 1.4 ... 1.5 GHz



Tarkvara

« Antenni suuna maaramine
Nasa JPL andmebaas Horizons: http://ssd.jpl.nasa.gov/horizons.cqgi

Current Settings Ephemeris Type [change] : OBSERVER
Target Body [change] : Mars Express (spacecraft) [MEX] [-41]
Observer Location [change] : user defined ( 26°27'58.7"'E, 58°15'56.7''N, 70 m )
Time Span [change] : Start=2017-02-03, Stop=2017-02-04, Step=10 m
Table Settings [change] : QUANTITIES=1,4,20,21; range units=KM
Display/Output [change] : default (formatted HTML)
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2017-Feb-03 11:00 *m 00 16 43.23 +01 26 33.2 135.6730 25.5156 2.7911985790E+08 11.6068706 15.517394
2017-Feb-03 11:10 *m 00 16 44.34 +01 26 40.3 138.2690 26.4155 2.7912685614E+08 11.7214333 15.517783
2017-Feb-03 11:20 *m 00 16 45.44 +01 26 47.4 140.9036 27.2706 2.7913392639E+08 11.8472262 15.518176
2017-Feb-03 11:30 *m 00 16 46.54 +01 26 54.5 143.5768 28.0784 2.7914107606E+08 11.9865859 15.518573

2017-Feb-03 11:40 *m 00 16 47.63 +01 27 01.6 146.2883 28.8365 2.7914831415E+08 12.1425562 15.518976


http://ssd.jpl.nasa.gov/horizons.cgi?s_type=1#top
http://ssd.jpl.nasa.gov/horizons.cgi?s_body=1#top
http://ssd.jpl.nasa.gov/horizons.cgi?s_loc=1#top
http://ssd.jpl.nasa.gov/horizons.cgi?s_time=1#top
http://ssd.jpl.nasa.gov/horizons.cgi?s_tset=1#top
http://ssd.jpl.nasa.gov/horizons.cgi?s_disp=1#top

Tarkvara

« Antenni juhtimine

Kohapeal arendatud tarkvara

Voimaldab muuhulgas suunata
antenni reaalajas objektile,
mille kohta on teada otsetous ja
kaane

Suunamise tapsust saab kontrollida
Paikese voi Kuu jargi

BA TrackPC

ESSTO G5 3m dish antenna driver

Time [UTC]

13:18:39

Requested Position Current Pozition Pozition offset
Azirmuth AzimLth AzEm AzRotations AzimLth
175.29 Go |1?5.?5 |D.n3 | i ||15
Tracking Threshold
Elevation Elevation EIEm Elevation 0.2
3321 Go |33.53 |D.IZI2 0.4
AutoTrack
Stop [ Maoon
[ Sun R h FRé.m Rz Dec.* Dec.' Dec"
vesDEC| 00 |16 | 47 | 1 |27 | 40
: _ [~ Satelite |GRIFEX
[ 0O
Faw data State Time offzet, min.
|RDEL.23.63.0K |Stopped |
Julian time Target name Target Az Target EI
|245?‘?‘88.05482 | ISEE-3 | 175.2 | 332
Mext pass
AQS time Duration, min. - AODS az. & el. Mode

E xit




Tarkvara

« Kuidas teada piisavalt tapselt vastuvotusagedust?

Tegelik saatesagedus? Pole alati vaga lihtsalt leitav.
Doppleri efektist tingitud sageduse nihe? Tavaliselt < +/- 500 KHz

Horizoni andmebaasist on voimalik teada saada maajaama asukoha ja kosmoseaparaadi
suhteline kiirus. Selle jargi saab arvutada eeldatava doppleri nihke

Et lintsustada vajalikke arvutusi, on Paul, MOEYT teinud Exceli tabeli, mis sisaldab vajalikke
andmeid enamiku praegu aktiivsete suvakosmosemissioonide jaoks

A B C D E F G H
1 DSN tracking spreadsheet by Paul MOE' Info D5SN Spacecraft TX Velocity Doppler corrected Doppler shift Tuning Freq
2 Mission Name / JPL Horizons ID OK ? Channel frequency (MHz) (KM/s) {MHz) {KHz) {MHz)
3 3.02.2017 15:39
4 3 8400.061729 0.000000 6400061729 0.000000 8400.061729
5 |Mars Science Lab Y 4 8401.419752 10.000000 8401.139511 -250.241198 8401.147611
B 4 8401.577700 5591712 6401.420994 -156.705747 8401.420994
7 |Phoenix Lander MISSION ENDED Y 5 8402777700 10.000000 8402 497414 -280 286494 " 8402.489414
B b 8403.977700 10.000000 8403.697373 -280.326522 8403.697373
5 |NASA JUNO Jupiter mission Y b 8404.126802 -21.000000 8404.715498 588.696140 8404.722898
10 |NASA JUNO Jupiter mission Y 32083.340000  -21.000000 32085587389  2247.388558 2114.412611
11 |NASA JUNO Jupiter mission Y 32088.510000  -21.000000 32090.757751 2247750709  2109.24224%
12 7 8405.493825 0.000000 6405.493525 0.000000 8405.493825
13 |Mars Odyssey -53 (Mars 499) Y 8 8406.851853 10.000000 6406.571431 -260.422393 8406.571431
14 |Hayabasu -130 / Ulysees -55 / Muses-C Y 9 8408.20987T -4 664834 8408.340711 130 833517 " 8408.339711
15 10 8409.567903 0.000000 8409.567303 0.000000 8409.567903
16 |Planet-C / Pioneer -24 [ -23 11 8410.925927 4.261643 8410.806363 -119.563913 8410.806363
17 12 8412.283950 0.000000 8412.283940 0.000000 8412.283950
18 | Spitzer space telescope -79 Y 13 8413.626430 -0.546639 6413.641831 15341326 " 8413.648431
19 13 8413.641977 0.000000 6413.641977 0.000000 8413.641977
20 |Phobos-Grunt MISSION FAILED Y 8414.633000 1.223345 6414 598663 -34.337085 8414.598663
21 |Voyager -31-32 / Stardust -29 Y 14 8415.000000 18.851122 8414 470860 -529.140043 8414.470860
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Tulemused

* Esimesed toeliselt kaugelt (ca 2 AU) detekteeritud raadiosignaalid

STEREO-A
L

STEREO-B



HDSDR [XBand] version 2.70
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31.01.2014 a

L ' 1 J:
'] 1Ly ki Wia i 14 A | o fekoy b 20
(g, et 8 P e i IV g b o

y \ 2
A 14

[1f} Al 1
AL L T L

e A
N y

+40

Soundcard [F5]
Bandwidth [F6]
Options [F7}
Help / Update [F1]

Full Screen [F11]

Minimize [F3]

Exit [F4]

R N EESE TP L ESET  osET Y ewe DR LY
or B8446.111.827 feavwer
Tunegé!\é..vgﬁ?_ 113 5827

o Volume

o Level

EETERETRETRETRETRESSR

NR NB RF NB IF AFC
Mute AGC Off Notch AMotch
W ZAP CW Peak COwWrullBw Despread

CPU HDSDR:
CPU Total: 11%

waterfall (Bl RBW 1.5 Hz
Spectrum ssssssssess 7O0OMm ¢amsssssee——— Speed

N T m

1000 1200

CW Pitch = 700 H=

waterfall [ElllEE rew o.1 vz ENEEES

Spectrum ssaesssssssssl 700N Mmessssssse—— Speed




Mt HDSDR [default] version 2.70
ooz
10:00:34
10:00:41
10:00:47
10:00:54
10:01:01
10:01:07
10:01:14
10:01:21
10:01:27
10:01:34
10:01:40
10:01:47
10:01:54
10:02:00
10:02:07
10:02:14
10:02:20
10:02:27
10:02:33
10:02:40
10:02:47
10:02:5
10:03:00
10:03:07
10:03:13
10:03:20
10:03:26

NN AL RARLE MARAE RARAE RARAN RARAN RAALE RARLE RARAS RARAI RARRI RAREI RARRI RARAS RALAE RALAI RALRIBALAI RARARALAS LALAE LELAS LALRE RAARS RARAS LAAAN UAAAN LAARE AR RARLS LARLE RARLE RAAAS AAREN RARLE RARLE RARAS AR RARRI RARES RARAI RARAN RALAI ARLAI RALRI RALAI RAARS LALLE LALRE LEARE LAARS &

1422246 1422248 1422250 1422252 1422254 1422256 1422258 1422260 1422262 1422264 1422266 1422268 1422




"
03:40:52 ; - 3 ;
08:40:59 lI
08:41:06 ; : Lag, 5 S SR Ao Rosetta :
06:41:13 & : : % ; : ; : ; f ¢ : y L - i ;
08:41:20 S : ; 5 3 ? : 3 < 5 ! \ : ’
D ' « o ' 20.10.2015 8
08:41:34 J : \ At : : 2 5 x i : . .
8:41:41 AEE ) E ¥ 5 : i
08:41:48 i J
08:41:55 . ' %
0&: 42:02 : ;
05:42:09
08:42:17 G : ;
08:42:24 ¢ : . ; : ¢ . : . :
08:42;31 X : : : 3 :
05,4238 AR : : o S i ; ‘ ; : : >
[08:42:45 ! . :
08:42:52.. .
08:42:59 i :
08: $3:06 X / R
06:43:13 3 i
08:43:20 >
08:43;27 4
06:43:34 ;
8:43:41 ’
08:43:48
08:43:55 i
j08:44:02
08: 44:10 ’ - ;
v T L T T T T T ¥ T T T T 'l T |l T T T T T T ' I T T T I ¥ T T T ' T T T T T ¥ 1 T T T T T T T
- 8421680 8421700 8421720 8421740 8421760 8421780 8421800 8421820 8421840 8421850 8421880
-82
-83
84
-85 l
s |
87 i ‘ {
83 | i T . H ‘ | . i
A bl o Lk RITEE I | \ L If o 4 LI T ! ;).‘:\. { T W 1h ) | I B
l\!‘l,l‘x'lﬁ""ii“ M..fl 'J‘!“I“:J““” ,‘Q'l“!{j J\MH B P L0 S kTG LS4 I ! "”'\UI ol et 'i 'u’\;_‘l A ‘Ii.l T Gt I.! AEE‘.I."
o 0 A A A A A AV il e LAY S L AP W A e
W“M“W‘w“ S S T SRR Waterfall 4 *. Spcctrum _ RBW 1. 5 Ilz -
08:43:26 ) o DR T AT : : PR e
LomB4R1.773.700 s [ AT
y S s hust! J
Tune84a1 S886.000 N ﬁ:i:g LENC AR BastT i el
Volume B \ AT M At
. AGC Thresh. J6:49:55 I RS G Y \ y )
08:44:02 O NS » AT A
Soundcard [F5] n--n PP 08:44:09 [EEY AT 1 g
T T T 1 L 1 L] 1 J
Bandwidth [F6] i 100 200 300 400
Options  [F7] -75
Help / Update [F1] -8
R NB RF NE TF AFC 31
Full Screen [F11] P _ o AR Bs
W ZAP CW Peak CWFullBw Despread P | i v b .r. k| !
: S ik , o i MM
Minimize [F3]  9()15-10-2 8:44-1 e 93 it ‘ gt ‘ !

Exit  [F4]

Waterfall ®. L2 spectrum IENIEN RBW 0.4 Hz




i -

P b, 2 <

Rosetta

30.09.2016a

T —
8421416

T T
8421218

T Ty
8921522

) <
842192«

Y

‘Hur IRk f,rp..«” "'m“"“' ’ry *“rr LTk L*'w Ny iy rhaVh, 1rr< [ -h-‘ Ut [ L.}{[ﬂ Lild)

W J q

|
Hrtl’gw'ﬁwi ikt “1,,‘) il AL’. ff\ as*'ﬁ'.\*'u\v" 'ﬂ’”ram-",q N Lok Vi ‘a}1 “:I":\n:‘r wmh& e 'd

e
o +a0

-~ +20
S g

Soundcard [F5]
Bandwidth [F6]
Options IF73
Help 7/ Update [F1]
Full Screen [F11]

Stop k23
Minimize [F3)

Exit Fa1

Recording - RF

NR NS RF NS IF AFC

riute NGNS rotch ANotch

oW zaP CW Peak CwWruliBw Despread

2016-09-30 11:19:58 UTC
. ] CPU HDSDR: 1%
— ] CPU Total: 1S5%

mmmmwm
oA BaAR1 .22 .50 e
Tun-B8421.416.400 =N

AGC Thresh.

205.52 MB
274.09 GB

™
0

i

=
=

™
b [

™
G

"3
I

19:
=19:
=19:
=19:
19:
=19:
=19:

11

Spectrum_ RBW O.7 Hz

2t

NI

--fhrll.u‘l |uJ q' ';*- e ,Iluu,‘ -.,JJ'J“} uﬁ )'M"h rm WH. .u.\, a,‘. f .m. ""‘Fg""# a 1(4\'1.! o Ht,-.'- L,f"*m\ th e A .r'r

Spectmm— RBW 0.7 Hz

L
.‘rx",'.; u"!h; I‘ ]‘I'...L 1l

l




DSDR [XBand
13920:20 " }
Bas20m2s, i
!_3.2)30
15:20:34
13:20:69
13:20:44
13:20:90 |

1312107 ;
15;21:41 )
13:2118 )
13: 1{:21‘
13:21/25,
1321929 )
15121453
)3:21:38_‘
13iz1iaz L
13:21:47)
£5:21:52 )
15:21:56
13:22:01 H
13:22:06

1322:10

13:22;15
13:22:39 ') )
13:22:24 NTEAY

T
8403717

1
8403717.5

1
8403718

T 1 T T T T
8403718.5 8403719 8403720.5 8403721 8403721.5

i /
8403722

T
8403722.5

1
i Ik
{1 B

FILE LY LT
VLI VA (1 IR YR |
QUL E PN PO

1511

Soundcard [F5]

Bandwidth [F6]
Options  [F7]
Help / Update [F1]

Full Screen [F11]

Minimize [F3]

Exit  [F4]

oE 8403.700.1049
Tune 8403.7 ‘.7 B00

lume
AGC Thresh.

Waterfall

Spectrum Bl rREw 0.7 Hz

|

i el D L Ll L B e L e L R e O

1600

T

T
2000

T

2200

[LFs 14y \
Undh s LIk
PP VR AT Y Y W

Waterfall * ®. Spectrum Bl REW 0.7 Hz




19:44:21
19:44:24
19:44:26
19:44:29
19:44:31
19:44:34
19:44:36
19:44:39
19:44:41
19:44:44
19:44:47
19:44:49
19:44:52
19:44:54
19:44:57
19:44:59
19:45:02
19:45:05
19:45:07

ISEE-3

13.06.2014

50 355

445

T T
415 435

75

' BEEEEE]

CW Pitch = 400 Hz

Soundcard [F5]
Bandwidth [F6]
Options  [F7]
Help / Update [F1]
Full Screen [F11]

Stop {F2)

Minimize [F3]

Exit  [F4]

ok 2270.362.533

Tuwne2270.412.533

NR NB RF NB IF AFC

Mute AGC Off Notch ANotch

CWZAP CW Peak CWFullBw Despread
2014-06-13 19:45:08 UTC

. |CPU HDSDR: 2%
s 222222 lcpyu Toral: 6%

FreqMgr

Volume
Level

Waterfall

Waterfall




22113124
Pl NG
22113131
ZE:113:35
£2:115:38
2211342
2211546
22113149
£2:113:53
2271356
£2:14:00
ZZ2:14:0%
2211407
2211411
211415

YUTU

I 1 T
8452060

1 1 T T 1 I 1 1 1 T 1 1 1 1 1 1 1 1 1 1 T 1 1 1 I T T 1 1 1 1 T
8452065 8452070 8452075 8462080 8452085 3452090 8462095

I 1 1
8452100

T T T
8462105

dhall -
hhhﬂJ‘n‘lJ'm'l Dhi Lfﬂhhlfll'ﬁ'm.f'hmhml ., .Mramlj.hf““.#ulh'lml"n ™ "““J“ Wttt AR

bl T T A bl VI | o [ TN N I e LI i LT

Ll

L R L L

eV EESST e Y ISET - Y OsETe TWT - DRET Y

LoE 8461.984.500 N
N -V R -V E=:: N

Waterfall _ RH.W 1.5 Hz l

] S——a— 5 pectrum

Pl




Infoallikad
e http://www.uhf-satcom.com/

 http://www.uhf-satcom.com/DSN.xIs

* https://beta.groups.yahoo.com/neo/groups/amateur-DSN/info
* https://eyes.nasa.qgov/dsn/dsn.html

* http://www.nitehawk.com/f5pl/

» ssd.jpl.nasa.gov/horizons.cqi

* https://scienceandtechnology.|pl.nasa.gov/research/research-
topics-list/communications-computing-software/deep-space-
communications

* http://descanso.|pl.nasa.gov/DPSummary/Juno  DESCANSO P
0st121106H--Compact.pdf



http://www.uhf-satcom.com/
http://www.uhf-satcom.com/DSN.xls
https://beta.groups.yahoo.com/neo/groups/amateur-DSN/info
https://eyes.nasa.gov/dsn/dsn.html
http://www.nitehawk.com/f5pl/
ssd.jpl.nasa.gov/horizons.cgi
https://scienceandtechnology.jpl.nasa.gov/research/research-topics-list/communications-computing-software/deep-space-communications
http://descanso.jpl.nasa.gov/DPSummary/Juno_DESCANSO_Post121106H--Compact.pdf
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