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CUcTeEMHOE NPOEKTUPOBaHME MEKMNNAHETHOM CBA3M

dopmupoBaHue TPeOOBAHU BEPXHETO YPOBHS K MUCCUU

¥

OHpGI[CJ'ICHI/IG IIPOCKTHOI'O 00JIMKa HA3€MHOTO CETMEHTA

-

Pacuer OromxkeTa paguoIuHuN

1. Omnpenenenue oonka ADC
2. Ompenenenye o0arMKa MPUEMO-TIEPEIAIOIINX CUCTEM

pe

[IpoexTupoBaHUE CUCTEMBI CBSI3U

—

l

1. BsiOop ceTn
2. BpI0Op aHTEHHOW CUCTEMBI

1. Tun ADC u rabaputHbIe pa3Mepbl
2. BrpIxomHas MOIIHOCTE
3. Koadduiuent myma
4. TpeOoBaHUS K BBIYUCIUTETIO
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OCHOBbI 3/1eKTPOANHAMUKMU

Tabmuna 1.1

Ne | Vpasrenus Maxkcaeiuia Kpatkoe ¢pu3ngecKoe HCTOIKOBAaHHE
(B uHTerpagsHOi dopme)
1 ¢ Hdl = J‘ 5ds I3MeHsIOmEeecs BO BpeMeHH AIeKTpHUecKoe Mojle (ero TOKH:
! S IIPOBOIHMOCTH, IIepeHoca H CMellleHH ) BO30y:KJal0T BUXpeBOe
MarHuTHoe noiie. CyMMapHas ILIOTHOCTH TOKOB:
o= 5@ - 5m,p +0,,,
2 oD H3mMmensromeecs BO BpeMeHH MarHUTHOe I1071e BO30y KaaeT
(ﬁ Edl =- g BHXpeBOe 3IeKTpHUecKoe IoIe.
!
3 (ﬁ DdS =g CrtaTHueckoe 31eKTpHIecKoe IoJie Bo30y kaaeTcss HeH3MeHHBIMH
S BO BpeMeHH 3apsaaMH. [ICTOUHHKH 371eKTPHYeCKOro 10
PacHoOIOKEeHBI B MeCcTaxX HaX0K/IeHH S 3JIeKTPHISCKHX 3apsA/IOB.
4 Cﬁ BdS =0 MarsuTHOe I10JIe Bcer/ia AB/ISAeTCSA BUXPEBBIM, a €0 CHIIOBEIE
S JTUHHUH BCerJa 3aMKHYTEL Mill‘HHTHoe 110j1e He HMeeT
HCTOUYHHKOB CHJIOBBIX JIHHHI.
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Teopema 0 UMpKynaLnn
MarHMTHOro nonA

3aKoH MHAYKUMKn Papaaes

3aKoH [aycca

3aKoH laycca
ANA MarHUTHOro NonA



AHTEHHbI — OCHOBHble TEPMUHbI U onpeaeneHus

Kos¢ppuuuént yeniaénus (KY) aHTEHHBI — OTHOIIICHUE MOITHOCTH Ha
BXOJI€ 3TAJIOHHOW HEHAIIPABJIEHHOW aHTEHHBI K MOIITHOCTH, TTIOJIBOAUMOM
KO BXOJIy pacCMaTpuBaeMOM aHTEHHBI, IIPU YCIOBUH, YTO 00€ aHTCHHBI
CO3JAI0T B IAaHHOM HAaIpPaBJICHUMU HA OJUHAKOBOM PACCTOSHUHU PABHBIC
3HAYECHUS HANPSHKEHHOCTH MOJIS WA TAKYIO0 K€ INIOTHOCTH

IIOTOKAa MOIIIHOCTH.

JAnarpamma HanpaBJIEHHOCTH — 3aBUCUMOCTb MOAYJII KOMIUIEKCHOU
aMIUTATYAbl BEKTOPA HANPSIKEHHOCTH AJIEKTPUYECKOM KOMITOHEHTHI
ANEKTPOMArHUTHOIO T10JI51, CO31aBAEMOTO AHTEHHOU B IaJbHEN 30HE OT
YIJIOBBIX KOOPJIUHAT TOYKHU HAOIIOACHUSI B TOPU30OHTAIIBHON U
BEPTUKAJIBHOW TIJIOCKOCTH.
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AHTEHHbI — OCHOBHblE TEPMUHbI U ONpeaeneHns

Juneiinas noaspmauns [/ Kpyrosas noaspmianus 2

Ioasipu3anus BOJH — XapaKTePUCTUKA IMOMEPEUHBIX BOJIH,
OMUCHIBAIOIIAS TTOBEICHUE BEKTOPA KOJICOIIOIICUCS BETUMYMHBI
B IUIOCKOCTH, IEPIEHAUKYISPHON HAIPABICHUIO
pacupoCTpaHEHUS BOJHBI

Antenna
Antenna
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AHTEHHbI — KNnaccuPpumKauma

Pl 17 1 FILIMN L

Antenna types

Helical antenna

Horn antenna

ANTENNAS
I I [ I i I —
End fires Loops Dipoles Stubs Slots ~ Apertures
, ' . l
— Polyrods Folded Arrays Patches
dipoles |
— Helices z
Conicals Arrays
— Yagi-Udas | ]
Curtains WBJKs
LDQ I I 1 |
RETOGICS Twin lines Lenses Spirals Horns | [ Reflectors
I ]
|| Conical L l— ! ! l
spirals Vees Long wires Flat Corner Parabolic
[ [ : 1 I !
Biconical Beverage Rhombic Radomes H{ FSS
)b} ,,ﬂl\\
‘}‘- .Illl'llll_ _fL'J
_-_%:-."' '-}2?;}1
I,f \'lxh i
i \Lij

Parabolic reflector antenna

Parabolic
— reflector

Axial or Feed
Front feed
\Supports
Off-axis or
Offset feed
Cassegrain
Convex
secondary
reflector
Gregorian Concave
secondary
reflector
6
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AHTEeHHbI — MeXXn/1aHeTHble MUCCUU

Table 1-1. Spacecraft lifetime estimates in calendar years.

Voyager 1 Voyager 2

Electrical power 2023 2023
Telemetry link capability

7200 bps, 70-/34-m HEF? array 1994 1998

1400 bps, 70-m antenna 2007 2011

600 bps, 70-m antenna 2026 2030

600 bps, 34-m HEF antenna 2003 2007

160 bps, 34-m HEF antenna 2024 2029
40 bps, 34-m HEF antenna 2050 2057
Hydrazine for attitude control 2040 2048

4 High efficiency.
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Fig. 1-2. Voyager spacecraft and science instruments.



AHTEHHbI — MeXKnnaHeTHble muccum (Dawn — Becta, Uepepa)

Table 1-4. Major telecom subsystem uplink and downlink parameters.

Flight configuration

-
-~
-

Antennas’ \ //
(all X-band) \//

'.:’/
lon Propulsion System
~ thrusters (2 obscured in
this view; all 3 in x-z plane)

—>N

Launch configuration Reaction
Wheels AAntennas

b/

GammaRayand
Neutron Detector

Star Trackers =——

Framing _—~
Cameras
Visible and Infrared ~
Mapping Spectrometer

/4
Solar arrays /
(articulable around Y)

| Y= l/
lon Propulsion v

System
Thruster

Parameter Uplink Downlink
Channel 29 29
Carrier Frequency (MHz) | 7179.650464 8435.370372
Carrier Modulation PCM (NRZ-L)/BPSK/PM PCM (NRZ-L)/BPSK/PM
Polarization RCP RCP
Baseband Encoding NRZ-L NRZ-L
Subcarrier Type Sinewave Squarewave
Subcarrier Freq. (kHz) 16 25 (for rates > 2 kbps, data
modulated directly on carrier)
Subcarrier Modulation BPSK BPSK
Cading BCH (Bose-Chaudhari- Turbo-coding (Rate 1/6), 3568 bit
Hocquenghem) code block

Data Rate (bps)

7.8125, 15.625, 31.25,62.5, 125,

250, 500, 1000, 2000

10, 40, 998, 199 5.99, 41250.46,
61875.69, 123751.39
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mexnnaHeTHble mnccumn (Dawn — BecTa, Ll,epepa)
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Figure 1-8. Telecom subsystem functions and interfaces
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Figure 2-4. LGA Assembly (each LGA).




AHTEeHHbI — Me)XN/1aHeTHble MUCCUU

Cassini Spacecraft

4m High-Gain
Antenna

11m Magnetometer
Boom

Cosmic Dust Analyzer—

Remote Sensing
Pallet

Radioisotope
Thermoelectric—+——
Generators (3)

—_—

Fields and

Cassini Spacecraft Specs

Height: 6.8 m (22 ft)

Diameter: 4 m (13 ft)

Mass: 2500 kg (2.8 tons)
(fueled): 5600 kg (6 tons)

Power: 700 Watts at SOI

Particles Pallet

~—_Huygens
Titan Probe

Huygens Probe Specs
Diameter: 2.7 m
Mass: 320kg inc. Heat
shield. ~200kg at
landing

~1500 W-hr Lithium

SPACECRAFT DIMENSIONS

Diameter: 66 feet (20 meters)
Height: 15 feet (4.5 meters)

For more information:
missionjuno.swri.edu &
www.nasa.gov/juno

 JunoCam

'/ Uttraviolet

\ Spectrograph (UVS)
. P

Jovian Infrared

N
) Auroral Mapper

(IRAM)

Plasma Waves Instrument
(WAVES)

Gravity Science

National Aeronautics an,

Juno’s Instruments

Gravity Science and Magnetometers
Study Jupiter's deep structure by mapping the
planet’s gravity field and magnetic field

Microwave Radiometer
Probe Jupiter's deep atmosphere and measure
how much water (and hence oxygen) is there

JEDI, JADE and Waves
Sample electric fields, plasma waves and
particles around Jupiter to determine how the
magnetic field is connected to the atmosphere,
and especially the auroras (northern and
southern lights)

UVS and JIRAM
Using ultraviolet and infrared cameras,
take images of the atmosphere and auroras,
including chemical fingerprints of the gases
present

JunoCam
Take spectacular close-up, color images

primary battery ' e Jovian Auroral

Distributions
Experiment (JADE)

‘ 490 N Engines (2)
2 S-band telemetry IR N S
links @ 8kbp$ - : Radiometer (MWR) Magnetometer

Jupiter Energetic-particle
Detector Instrument (JEDI)




AHTEHHbI — MeXnaHeTHble muccum (Juno)

RADOME

WR-112 WAVEGUIDE SUPPORTING FLANGE

(b)

: . Figure 2-10: External and internal views of TLGA: (a) side view under dome; (b) biconical 11
Figure 2-13: Photograph (left) and drawing (right) of the MGA. horn; (c) bottom and waveguide connector.
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Low Gain
Antenna 1
(-Z Facing)

S-Band
Radio Science &

X-Band, Ku-Band (B3) Aniﬁgrg]- S(;J:fysm:
& Ka-Band Feed T LGAZ

- Lower Transmission Lines

HGA/LGA1T Gain
Relerence Interface

Cassini
Radar

/
/'
7 /48

CASSINI HI

Ku-Band
Titan Radar
Mapper

RHCP LHCP RHCP
Ka-Band S-Band

XRCP RFS Fig. 3-3. Cassini high-gain antenna
& XLCP .
et .l( i XLGAZLHCP  XLGA1 RHCP

(- X Facing) 3 XLGA2 RHCP XLGA1 LHCP

i m
LGAZ Galn Responsibility Responsiblity

Reference Interface

Fig. 3-2. Antenna functional block diagram.
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YacToTHbIe AMana3oHbl

Table 1. Spacecraft Transponder Turnaround Ratios§

Uplink Downlink Ratio (downlink/uplink)
s s 240/221
s X 880/221
s Ka 15.071 - 15.235*
X 5 240/749
X X 880/749
X Ka 44506 — 4. 4923*
K, s 0.066959 — 0.066282*
Ky 0.24561 — 0.24352*
K, Ky 0.92982 — 0.93084*

Table 2. Allocated Frequency Bands

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
g Uplink Downlink Uplink Downlink
(Earth to (space to (Earth to (space to
space) Earth) space) Earth)
S-band 2110-2120* 2290-2300 20252110 2200-2290
X-band 7145-7190 8400-8450 7190-7235 8450-8500
K-band b b w* 25500-27000
Ka-band 34200-34700 31800-32300 w* b

.

CATEGORY B

CATEGORY A

13
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Deep Space Network (DSN) - Mectonono»keHue

s ’ : ~ ‘
%% CANBERRA

Table 1.1: Deep Space Network Complexes
Name Longitude Latitude Antennas
Goldstone 116°46"44” W 35°16'53" N DSS-14 (70 m), DSS-24, DSS-25, DSS-26 (34 m)
Canberra  148°58' 56" E  35°24"06” S DSS-43 (70 m), DSS-34, DSS-35, DSS-36 (34 m)
Madrid 4°14'59" W 40°25"45" N DSS-63 (70 m), DSS-54, DSS-55 (34 m)
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Deep Space Network (DSN) — OHnalnH cepBuUchl

: Jet Propulsion Laboratory | California Institute of Technology LAST UPDATED: SEP 2 5:11 PM (UTC)
Nasa

DEEP SPACE NETWORK NOW/ EEIZE O MARS ODYSSEY

B MADRID .
5 &
54

M010 M20 TGO MRO MVN MSL

SEP 2

Z= GOLDSTONE .. .. [ e

10:12 AM

M010 M20 TGO

SPACECRAFT

NAME
Mars Odyssey

T CANBERRA L <L S

SEP 3 T : * g 393.11 million km

312 AM
b ROUND-TRIP LIGHT TIME

+ more detail

https://eyes.nasa.gov/dsn/dsn.html
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Deep Space Network (DSN) — AHTEHHbIe cucTEMb

AHTeHHaAa cuctema DSS-14, Kanbeppa (70 m) AHTeHHaA cuctema DSS-24, Kanbeppa (34 m)
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Deep Space Network (DSN) — napameTpbl cTaHUmit 70 m
Haoa 3Hauenue
pamerp Ilepenaua ITpuém
YacroTHblii Auana3oH, MI'n
S-amanason 2090 — 2091, 2110 — 2118 2200 — 2300
X-nuana3on 7145 — 7190 8200 — 8600
Kos¢gdunuent ycniienus, n1b
S-nuama3on 62,95+ 0,2 (2115 MI') 63,59 + 0,1 (2295 MI')
X-auana3son 72,92 £ 0,2 (7145 MI'ny) 74,55 + 0,1 (8420 MI'r)
IllupuHa quarpaMmbl HanpaBjaeHHocTH (Munyc 3 1b),
0
0,128 +£ 0,013
S-nuanason 0,118 + 0,012
0,038 + 0,004
X-nuanason 0,032 + 0,003
Ioasipuzanus RHCP, LHCP
Kos¢ddpunuent snsmmnruynocru, 1b
S-amanason 2,2 0,6
X-nuama3oHn 1 0,8
9UUM, nbmBT -
S-nuanason 131,6
X-amamnaso” 144 5
IIIymoBasi TeMneparypa aHTeHHbI, K
S-muanason 12,22 — 26,85
X-nuamna3on 11,65 - 12,64
Omuoxu Hasenenus (36), 1b 0,1 0,1




Deep Space Network (DSN) — napameTpbl CTaHU M 34 M

Haoa 3Hauenue
pamerp Ilepemada ITpuém
YacroTHblii Auana3zoH, MI'n
S-amanason 2025 - 2110 2200 — 2300
X-auana3on 7145 - 7190 8200 — 8600
Koy¢ppunuent ycuiaenus, n1b
S-anana3on 55,94 + 0,2 (2070 MI'my) 56,07 + 0,25 (2295 MI'n)
X-auana3on 67,05+ 0,2 (7145 MI'm) 68,41 + 0,2 (8420 MI'1)
IInpuna tuarpaMMsbl HanpaBjeHHocTu (Munyc 3 1b),
0
S-Anana3zoH 0,258 + 0,004 0,242 + 0,02
X-auanason 0,0777 + 0,004 0,066 + 0,004
Ioasipuzanus RHCP, LHCP
Kos¢pdpuuuent snsmmnruynocru, 1b
S-amanason 1 1
X-nuama3on 1 0,8
9UUM, ibmMBT -
S-ananason 108,8 + 0,35
X-auana3on 139,8 +0,2/-1
LIymoBasi Temneparypa aHTeHHbI, K
S-nuama3on 34 -41,76
X-nuamna3on 9,68 — 41,56
Omuoxu Hasenenus (36), 1b 0,1 0,1
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European Space Tracking Network (ESTRACK) - ESA

31.
4L ;

[ Santa varia SRR :

p

Malargtie
Poker Flat Kourou . South Point
Goldstone 2 7 Kiruna Santiago

Madrid Redu Troll
Weilheim Cebreros (Deep Space) 6 Svalbard

Esrange New Norcia (Deep Space) Dongara
Hartebeesthoek Santa Maria
Malindi Malargtie (Deep Space)

ONOUL DA WNH

Kerguelen
9 Usuda

10 Masuda
11 Canberra

*x3 35-m (New Norcia, Cebreros, Malargiie) *x1 5.5-m (Santa-Maria)
*x3 15-m (Kourou, Kiruna, Redu) *x1 4.5-m (New-Norcia 2)
*x1 13-m (Kiruna) x1 2-m (Malindi, Kenya)
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Anrtennas cuctema New Norcia (ABctpamust) (35 M) Anrtennas cuctema Cebreros (Mcnanus) (35 m)
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CeTb fanbHen Kocmuyeckon ceasn (PP) — AHTEHHbIe CUCTEMBI

Antennas cuctema PT-70 (EBmaropust) (70 m) AntenHas cuctreMa PT-64 (Measexbu o3epa) (64 M) 21



Pacuet 6t0a)keTa paanonmHUN

Grx
Prx = EIRP + 10[0910(m) — Aps, — Aarm — Apoint — Apor — Async — Apemon

HcxonHble JaHHBIC

EIRP — 3¢ deKTrBHAsA U30TPOMHAA U3Jly4aeMOW MOLHOCTb, Ab - BT

Grx — KO3PPUIIMEHT yCUIeHUSI IPUEMHOM aHTEHHbI

1. Paccrosuue )
2. qaCTOTHBIﬁ I[I/IaHaBOH TRX — I[IOJIHad MyMoBad TeMIiepaTypa IpUeMHOTI'0 TPpaKTa
3. HeobXxomuMoCTh TPAEKTOPHBIX H3MEPEHHMI Apsy — MOTEPH B CBOGOAOM NPOCTPAHCTEE, AB
4. HJ’IaHCTapHBIC M KOCMHYECKHE LIYMBI Aury — oTepu B aTMocdepe (rasbl, 3aMUpaHus, TYMaH U T. . ), Ab
5. TlapaMeTpsl HA3EMHOI'O CErMEHTA Apo1, — MOAAPH3ANHOHHELE IIOTEPH, AB
6. Tun Kozlepa/z[eKozLepa Agync — IOTEpPU Ha CHHXPOHHU3aI U0, 1B
{. Tun MOAYJIISLUU Apgmop — annapaTHble NOTEPU AEMOAYJIAIUU
8. OrpanudeHus co cTopoHsl KA _ 0.1-(Pry-No-52  —Eb
BitRate = CoodeRate - 10 oMIN VOMARGIN

CoodeRate — kK0J0Basi CKOPOCTh
Ny = 10log10(k) — cnekTpasibHas MJIOTHOCTD IIyMa

k=138-10"23m? - kr-c % - K~ — [locrossHHas BosibiMaHa

E, . . KO MPOBaHUA
— — MMHHUMaJIbHbIM 3aMac 10 3HepreTHUKe JJis BBIOPAaHHOM CXeMbl

No i MoOAy AU

Ep
N = 3 nb — MMHMMaJIBHBIU 3aMac 110 3HEPTeTUKE
OMARGIN 22
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Pacyet 6toa)KeTa paanonUHUm

1. Tlorepu B cBOOOTHOM IIPOCTPAHCTBE
2. Tlorepm B razax armocdepnr — ITU-R P.676-11. Attenuation by atmospheric gases

5 T T T T T T T

— s
AT fo D as | oo |
LOSS;q = 20l0gy( foc —) —

rie LOSS;g — noTepu B CBOGOAHOM POCTPAHCTBE, 1b;
fo — Hecymas gactota CBY xonebanms, ['i;
€ — CKOpPOCTh CBeTa B BaKyyMe, M/C;

D, — MAKCUMAallbHash HAKJIOHHASA JIATbHOCTh THHHHA cBa3u KA — HC, m;

MoTepw B rase, ob
(%]
(%]
T

Rp — pagmyc 3emun, M;

15 T

05 7

I I I I I I 1
0 5 10 15 20 25 30 35 40
Yactota, My

CyMMapHbIe IOTEPH B razax Tponocdepbl

B 3aBUCUMOCTH OT INIOTHOCTH BOAAHOIO IIapa
23



Latitude (degrees)

-20

-40

Pacyet 6toa)KeTa paAnoONUHUK

3. ITorepu Ha noxae — ITU-R P.838-3. Specific attenuation model for rain for use in prediction methods

40

20

Yearly average 0°c isotherm height above mean sea level (km)

100 4

-

.
o

Rain Attenuation (dB/km)

1 10 100 1000

Frequency (GHz)

Longitude (degrees)

w— 200 mm/hr

w150 mm/hr: Monsoon
w100 mmv/hr; Tropical
w— S0mmvhr: Downpour
s 25mmvhr: Heavy Rain
s 12.5mmvhr: Medium Rain
s 2. 5mm/hr: Light Rain
s (. 25mm/hr: Drizzle

24




Pacyet 6toa)KeTa paanonUHUm

4. Ilotepu Ha aenonspu3zanuio (PapageeBckoe BpalleHHE)
5. 3amupanus curnana B Tpornocdepe (pedpaknus) — ITU-R P.453-12. The radio refractive index: its formula and refractivity data

1.2 T T T T T T T
(1—SA)2-(1+GA)2-cos(g+<p)+4-SA-RA

LOSS,,; = —10log,¢(0.5- (1 + (14 S4)2- (1 + GA)? 2

rae LOSS, ,; — NONIApU3aIllMOHHbIE OTEPH, 1b;

o
=
T
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6. ITorepu B o6nakax u tymane — ITU-R P.840-6. Attenuation due to clouds and fog
7. OmuOKy CMHXPOHU3ALMHU
8. HennHeliHble UCKXKEHUS B pAIMOTPAKTAX, UCKaxeHne AUX

MoTepu B oGnakax n TymaHe, ob
=

of | * | ACM1 —w—
'l t! o ACM 6 —e—
T —4 [ |..: ....... Liveviinns L .:....I ......... Levivien Levivien |Ii. ........ |....%.(.:|:.:[}:;I:...].'.% ........ Liveniinns
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IToTepu B oOnakax U TymaHe
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G(Q): GO - Gl ((9_ 7) -

%
GO._9 Gl9 ;r/

oAy g,
sinf

= antenna elevation angle (deg.) 6 < <90

= parameters from Table A-1

Azpy zenith atmospheric attenuation
Table A-1. Vacuum Component of Gain Parameters
Parameterst
Configuration and Stations * *
g Go Go G, y
(Transmit) | (Receive)
S-band, All Stations (Figure 2) 5540% 56.07 0.0000086 42.0
X-band, All Stations (Figures 3—5) 87.05 68.41 0.00008 42.0

Table A-2. S- and X-Band Year-Average Zenith Atmosphere Attenuation Above Vacuum (4zzy)

Azey, dB*
Weather
ConditionT S-band X-band
DSS-15 DSS-45 DSS-65 DSS-15 DSS-45 DSS-65
Vacuum 0.000 0.000 0.000 0.000 0.000 0.000
CD=0.00 0.033 0.036 0.035 0.037 0.039 0.038
CD=0.50 0.034 0.036 0.035 0.041 0.047 0.044
CD=0.90 0.034 0.037 0.036 0.045 0.058 0.057

AEEA S & EEEE EE EE &
56.20
(™) | —
56.00 //
/ (1) VACUUM
5580 1(4) (2) CD=0.00
@ I (3)/ (3) €D=0.50
oy (2) (4) CD=0.90
8 5560 1
55.40
55.20 : . -
0 10 20 30 40 50 60 70 80 90
Elevation Angle, deg.
Figure 2. S-Band Receive Gain, All HEF Antennas, at Feedhom Aperture
68.60 ‘
68.40 - | E——
(1) | | ——
68.20 - | ~J
= 68.00 : . i
‘" (2) (1) VACUUM
o @) (2) CD=0.00
67.80 - (4) (3) CD=0.50
(4) CD=0.90
67.60 |
67.40 " T " T M M M T
0 10 20 30 40 50 60 70 B0 90

Figure 3.

Elevation Angle, deg.
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System operating noise temperature: Table A-3. Antenna-Microwave Noise Temperature Parameters, Referenced to Feedhom
—ad - . Aperture
Top(6)=Torw + Ty = [+ e ™ | [lm(@)+ Trus ()] (A2) 1
‘ ] o Parameters
Sky noise contribution: Configuration and Stations
: , ) A -I'-1"k T2 a
Ty = Totm (‘{”)Jr Teys (9) (A3)
S-band, all stations, LNA-1, HEMT, non-diplexed 31.80 7.10 0.013
Atmospheric attenuation:
S-band, all stations, LNA-1, HEMT, diplexed 39.40 7.60 0.013
A,
A(9)=—Sinf;)- dB  (A4) DSS-15, X-band, High-Gain Mode (normal
Atmospheric loss factor: configuration):
4(®) X-band, DSS-15, LNA-1, HEMT, RCP, diplexed 9.68 5.8 0.1
=10 10 | dimensi s, =1. AS)
L(6)=10 10 . dimensionless. >1.0 (&%) X-band, DSS-15, LNA-2, HEMT, LCP, diplexed 10.54 58 0.1
Atmospheric physical temperature: _
T,=255+25xCD, K (A6) X-band, DSS-15, LNA-1, HEMT, RCP, diplexed, 9.75 58 01
w/ narrow-band radar filter
Atmospheric noise contribution:
. | X-band, DSS-15, LNA-2, HEMT, LCP, diplexed, 10.70 5.8 0.1
Tum(8)= TP{I_I@J K (A7) w/ narrow-band radar filter
. . ) . DSS5-15, X-band, Low-Gain Mode (high s/c received
Effective cosmic background noise:
T power):
Tam(0)=—22. K (A8) _
L(B) X-band, DSS-15, LNA-1, HEMT, RCP, diplexed 20.35 5.8 0.1
where X-band, DSS-15, LNA-2, HEMT, LCP, diplexed 2218 5.8 0.1
g = antenna elevation angle (deg.). 6 < <90 ]
X-band, DSS-15, LNA-1, HEMT, RCP, diplexed, 30.72 58 01
T1.Th.a = antenna-microwave noise temperature parameters from Table A-3 w/ narrow-band radar filter
Agzy = zenith atmospheric attenuation, dB. from Table A-2 or from Tables X-band, DSS-15, LNA-2, HEMT, LCP, diplexed 30.79 58 0.1
10 through 15 (S-. X-bands) in Module 105, Rev. B. as a function ' ' T ' ! ! ’ ’ ’
.y T T w/ narrow-band radar filter
of frequency, station, and cumulative distribution (CD)

CcD = cumulative distribution, 0 < CD < 0.99. used to select Azgy from
Table A-2 or from Tables 10 through 15 in Module 105, Rev. B

Teum = 2.725 K. cosmic microwave background noise temperature 28
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Figure 6. S-band System Noise Temperature, all HEF Antermas, LNA-1,
Non-Diplexed, at Feedhorn Aperture
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Figure 7. X-Band System Noise Temperature, D55-15, LNA-1, HEMT. RCP, Diplexed
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Table 4. Gain Reduction Due to Wind Loading. 34-m HEF Antennas

Wind Speed X-Band Gain Reduction (dB)*
(km/hr) (mph)

" 5 0.0

30 19 0.01

- a1 0.06

70 43 0.21

[ 27736 )

AG(6) = 10log eHPBWII . dB (3)

HPBW

,

pointing error (deg.)

half-power beamwidth in degrees
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90%
80%
70%
60%
50%
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Figure 10. Pass-Average Wind Speed Exceedance Probabilities for the Three DSN Antenna
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Figure 11. X-Band Gain Reduction Versus Angle Off Boresight
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Cuctema npuema curkana MPI
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CCSDS — yposHu OSI

Application Layer

Transport Layer

Data Link Layer
(Data Link
Protocol Sublayer)

(Sync. and
Channel Coding
Sublayer)

Application
Asynchronous Specific
Message Service Protocols
CCSDS File
Delivery | eessssccsssscssscsssssscccssnscncssnnnssnnsnnns
Protocol
(CFDP)
SCPS-TP TCP ubP
IPSec
IP over CCSDS
Space )
Packet Encapsulation [I
Protocol Service
TM Space TC Space AQOS Space Proximity-1
Data Link Data Link Data Link (Data Link
Protocol . Protocol . Protocol . Layer)
* Including Space Data Link Security Protocol Function (optional)
TM Sync. and TC Sync. and {F(;:,j:::“;:d
Channel Coding Channel Coding Sync. Li:yer}
AT I NN R IRV N F NN AN TN NN IR NN N PN NN R A PPN NN AN RN PPN N R AR VNP FEN N R RPN
Proximity-1
RF and Modulation Systems (Physical
Layer)

Physical Layer

Lossless Data
Compression

Image Data
Compression

el B 7

KanajabHBIA YPOBEHDb
CCSDS 231.0-B-3 — TC Synchronization and Channel
Coding
CCSDS 131.0-B-3 — TM Synchronization and Channel
Coding
CCSDS 133.0-B-1 — Space packet protocol
CCSDS 232.1-B-2 — Communication Procedure Operation -
1
CCSDS 732.1-B-1 — Unified Space Data Link Protocol
CCSDS 732.0-B-3 — AOS Space Data Link Protocol
CCSDS 211.0-B-6 — Proximity-1 Space Link Protocol-Data
Link Layer
CCSDS 211.2-B-3 — Proximity-1 Space Link Protocol--
Coding and Synchronization Sublayer

Du3ryecKui ypoBeHb
CCSDS 401.0-B-30 — Radio frequency and modulation
systems — Part 1. Earth stations and spacecraft
CCSDS 211.1-B-4 — Proximity-1 Space Link Protocol--
Physical Layer
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CCSDS — moaynauma

Moayasinusi — IIpoliece
U3MEHCHUS OJHOTO WJIH
HECKOJIbKHX MapaMeTPOB
MOIYJIUPYEMOTO HECYIIIETO
CUTHAJIa IIPH TTOMOIITH
MOIYTUPYIOIIETO CUTHAJIA.

Kon 1 0 0 1 1 0 1 1 1
50 1 | 11,
| ?
o URA ANAR  AARARA
S 2 TR A A A ATA A A S

¢ L4 l J’
DEss THSS TOM CDM
(Direct Sequence Spread Spectrum) (Time Hopping Spread Specirum) (Time-division multiplexing) (Code-division multiplexing)
y F
FDM WDM
J‘ ‘1‘ [Frequency-division multipkexing) (Wave-division multiplexing)
FHSS =13
{Frequency Hopping Spread Spectrum} {Chirp Spread Spectrum) OFDM
| (Orthogonal frequency-division multiplaxing)
[
COFDM
l {Coded Crthogonal frequency-division multiplaxing)
* B

:

.

|

TYOk i L AmnnuTyHo-(hasoean Dazosan :;Emrmmn '-hv:ru'n-mFl;-wmm
{Ampliude-shift keying) CasToginal AL {Phase-shift keying) {Frequency-shift keying)
|

[ ] v v | }

DOK M-ASK QAM MPSK aPsK BPSK

{On-off keying) (Quadrature amplitude modulation) (Quadrature phase-shift keying) | | (Binary phase-shift keying)
I

; } :

FOAM TCM DBPSK

{Feher-Patented quadrature amplitude modulation) (Trellis Coded Modulation) (Dual Binary phase-shift keying)
{ v v '
DQPSK OQPSK MSK M-ESK
(Dual Quadrature phase-shift keying) (Offset quadrature phase-shift keying) (Minimum-shit keying)
v

FOPSK
(Feher-Patented Quadrature phase-shift keying)
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DATA
SEQUENCE
NRZ-L

Non-retum
to Zero-level

NRZ-M

Non-return
to Zero-mark

Inverted
NRZ-M

NRZ-S
Non-return
1o Zero-space

Bi-p-L

Bi-Phase Level,
Split Phase, or
anchester

Bi-¢p-M
(Bi-Phase Mark)

Bi-¢-S
(Bi-Phase Space)

1,1,1,0,1,0,0,0,1,1,

-
) S ——— -
S
cececedes

el e

A "One" is represented by one level
A “Zero” is represented by the other level

A "One’ is represented by a change in level
A “Zero” is represented by no change in level

A “One" is represented by a change in level
A “Zero" is represented by no change in level

A "One” is represented by no change in level
A “Zero" Is represented by a change in level

A transition occurs at the middie of every bit period
A "One” is represented by two symbols expressing
the binary number 10
A “Zero" is represented by two symbols expressing
the binary number 01

A transition occurs at the beginning of every

bit period

A "One” is represented by a mid-period transition
A "Zero" is represented by no mid-period transition

A transition occurs at the beginning of every

bit period

A “One’ is represented by no mid-period transition
A “Zero” is represented by a mid-period transition

Figure 1. Telemetry Modulation Waveforms
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Bit Error Rate

CCSDS — koaupoBaHue

Hz-Seconds/Bit, Uncoded BPSK =1

- L 4 L

Turbo 1/4
s L]

Turbo 1/3

RS+CC: I= 0,51
Turbo 1/2 - ®
LDPC 1/2: 16K 4K, 1K Conv (712)
b e ¢ o @ °

LDPC 2/3: 16K 4K,1K
[ ] L] ®

LDPC 4/5: 16K 4K 1K
» ]

e LDPC 7/8
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Table 1. Capabilities of DSN 70-m and 34-m Antennas

%N
L
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. ) Gain (dBi) '
Antenna . Uplink Freq | TXR Power EIRP Downlink Freq
Type Complex/Site DSSID (MHz) W) (dBW) (MHz) /
GIT (dB/K)
Goldstone, CA USA DSS 24 52025 - 2120 20,000 78.7-98.7 S 2200 - 2300 56.7/40.8
. DSS 34 S:2025- 2120 20,000 78.7-98.7 S: 2200 - 2300 56.7/40.8
Canberra, Australia
DSS 36 S0 2025- 2110 250 716-78.8 S: 2200 - 2300 56.7/40.8
3aM BWG Madrid, Spain DSS 54° S:2025- 2120 20,000 78.7-98.7 S: 2200 - 2300 56.7 /408
Goldstone, CA USA DSS 24, 25, 26 X 7145 -7235 20,000 89.5-109.5 X 8400 - 8500 68.2/54.2
DSS 26 X 7145-7235 80,000 895-1155 X 8400 - 8500 68.2/542
Canberra, Australia | DSS 34, 35, 36 X 7145-7235 20,000 895-1095 X 8400 - 8500 68.2/542
Madrid, Spain DSS 54, 55 X 7145-7235 20,000 895-1095 X 8400 - 8500 68.2/542
Goldstone, CA USA DSS 15 S 2025 - 2110 250 71.6-78.8 S 2200 - 2300 56.0/394
M HEF Madrid, Spain DSS 65 S0 2025- 2110 250 716-78.8 S: 2200 - 2300 56.0/394
34 Goldstone, CA USA DSS 15 X 7145 - 7190 20,000 89.6-109.8 X 8400 - 8500 68.3/53.2
Madrid, Spain DSS 65 X 7145 - 7190 20,000 89.6-109.8 X 8400 - 8500 68.3/53.2
Goldstone, CA USA DSS 14 S:2110 - 2120 20,000 856-1056 S: 2200 - 2300 6357498
20,000 85.6-105.6
Canberra, Australia DSS 43 S:2110 - 2120 3 S: 2200 - 2300 6357498
400,000 106.7 - 118.7
70M Madrid, Spain DSS 63° S:2110 - 2120 20,000 856-1056 S: 2200 - 2300 6357498
Goldstone, CA USA DSS 14 X 7145 - 7190 20,000 956-1158 X 8400 - 8500 7457615
Canberra, Australia DSS 43 X 7145 - 7190 20,000 956-1158 X 8400 - 8500 7467615
Madrid, Spain DSS 63 X 7145 - 7190 20,000 95.8-115.8 X 8400 - 8500 7467615
Notes:

1) Referenced to 45-deg elevation, with 90% weather condition (CD=0.90), and diplexed configuration
2) S-band uplink in the Deep Space frequencyrange of 2110-2120 MHz is not available from MDSCC except far Voyager

support by special agreement with the Spanish Frequency Spectrum Regulator
3) Operation above 100 kW requires special airspace coordination
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Data Rate vs. Command Range (Omni)

100.0
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] Saturn (Max)

Saturn (Min)
Jupiter (Max)

======: 34m BWG, 20kW, X-band
= = = 34m BWG, 20kW, S-band
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Data Rate (b/s)

10000 100000 1000000

Figure 1. Maximum Command Range for a Reference Spacecraft with an Omni-directional Antenna and a

0.5 Radian Command Modulation Index.
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Figure 2. Maximum Command Range for a Reference Spacecraft with a High-gain Antenna and a 1.2

Radian Command Modulation Index.
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Range (AU)

TenemeTtpuyeckan paanonnHma
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Figure 2. X-band Telemetry Performance with Reference Spacecraft
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Figure 3. Ka-band Telemetry Performance with Reference Spacecraft
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Table 2. Reference Spacecraft Characteristics for Figure 1 and Figure 2.
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Table 6. Reference Spacecraft Characteristics

Parameter Value
Antenna Gain less pointing loss
Omnidirectional 0dB
S-band Hi-gain 30dB
X-band Hi-gain 39.7 dB
Other RF losses -1.8dB
System Temperature 500 K
Carrier Loop Bandwidth 100 Hz
Required Carrier Margin 12 dB
Command Detection Losses -1.5dB
Required Ep/N, 96 dB

MapameTpbl KOMAHAHOW PaANONHUN

https://deepspace.jpl.nasa.gov/dsndocs/810-005/

Parameter X-band Ka-band
Transmitter Power 35W 35W
Circuit Loses 2dB 2dB
Hi-gain Antenna (S/C HGA) 39 dB 50 dB
Pointing Loss (S/C HGA) 0.5dB 1.5dB
Coding 1784, r=1/3 Turbo 1784, r=1/3 Turbo
Weather CD =50 CD =50
DSN Vacuum G/T 55.3 dB (34-m), 63.0 dB (70-m) 65.5dB
Pointing Loss (DSN) 0.1dB 0.1dB
Margin 3dB 3dB

MapameTpbl TENEMETPUYECKOM PaANONUHUM
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. ObecneyeHue afieKTpoMarHuTHoM comectumocTu (1Y, Hay4Hblie npmnbopbl)
. YueT BANAHNA KOHCTPYKUMK KA Ha xapaKkTepuctnkm AH

. YyeT notepb B aTMmocdepe naaHeT (npun nocaake)

. YueT wyma gpyrux nnaHet n ConHua (npu nepegaye tenemeTpun)

Bbibop onTMmanibHOro Kogepa/aekoaepa

Peannsaumna npnémonepeqatowimnx cuctem — JI6B VS nonynposogHuku (X-ananasoH
pPeasInCcCTuyeH)

. Peanunsauma kabenbHbIX cuctem — BonHoBoAbl VS KoakcuanbHble Kabenu (X-ananasoH

pPeasinCcCTuyeH)
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