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Ka-band Technologies for Small Spacecraft 
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OBJECTIVES

Ka-band Communications
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Objectives

ÅDevelop affordable technologies to ease transition 
into Ka-band for significantly higher data rates with 
minimal impact on near Earth missions 

ïKa-band/multi-band software defined radios (SDRs) and 
standards for a range of space missions

ïPortable waveformsfor SDRs to reduce cost of 
development and increase flexibility

ïElectronically steered high gain antennasto increase data 
return and eliminate mechanisms and vibration

ïLeverage large and small business and university 
capabilities to address unique needs of small spacecraft
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KA-BAND BACKGROUND

NASA Ka-band Communications Infrastructure
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TDRS Ka-band Single Access Service

Åb!{!Ωǎ ¢ǊŀŎƪƛƴƎ ŀƴŘ 5ŀǘŀ wŜƭŀȅ {ŀǘŜƭƭƛǘŜ 
(TDRS) 
ïThree generations of spacecraft provide 

high bandwidth, low latency 
communications to multiple simultaneous 
mission spacecraft 

ïS-band, Ku-band, and Ka-band Single 
Access (KaSA)and S-band Multiple Access 
services

ÅKaSA Service via large steerable 
antennas in auto-track mode
ïReturn(from spacecraft) of mission data 

and spacecraft telemetry; G/T: 26.5 dB/K; 
25.25-27.5 GHz

ïForward (toward) command and control 
EIRP: 63.0 dBW; 22.55-23.55 GHz 

ïField of View +76.8o E-W; + 30.5o N-S
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Third Generation TDRS K, L, M



NASA Near Earth Network (NEN)
Ka-band Tracking Terminal Examples

ÅWS-1
ïWhite Sand Complex
ï18 m
ïS-, X- and Ka-bands
ïKa-band G/T of 46 dB/k 

ÅAS-3
ïAlaska Satellite Facility
ï11 m 
ïS- and X-bands operational
ïProvisions for Ka-band capability 

in ~2020
ïExpected Ka-band G/T of 40 dB/k
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AS-3  and AS-1 at Fairbanks Alaska

WS-1 at White Sands New Mexico



Commercial Ka-band Tracking Terminal 
Example

ÅComtech TCS 2.4m X/Y 
Tracking Terminal

ï9ƭƛƳƛƴŀǘŜǎ άƪŜȅƘƻƭŜέ 
when spacecraft is 
overhead

ÅKa-band operation

ï25.5 to 27.0 GHz

ïG/T of 27 dB/K
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Source:http://www.telecomsys.com/Libraries/Collateral_Documents/XY_Overview_Brochure.sflb.ashx

Type 2 Ground Mount on Roof

http://www.telecomsys.com/Libraries/Collateral_Documents/XY_Overview_Brochure.sflb.ashx


NASA Near-Earth Mission Frequency Spectrum 
and Typical Channel Bandwidths
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Mission Links Via TDRS Relays (GHz)

Space-Space Forward Bandwidth Return Bandwidth

ÅS-band 2.025-2.110 0.028 2.200-2.290 0.018

ÅKu-band 13.775+.070 0.065 15.0034+.1125 0.250

ÅKa-band 22.55-23.55 0.065 25.25-27.50 0.250, >0.650

Mission Links Via NEN Direct to GroundLinks (GHz)

Space-Earth Uplink/ 
Command

Bandwidth Downlink/ 
Telemetry

Bandwidth

ÅS-band 2.025-2.110 0.085 2.200-2.290 0.090

ÅX-band Earth 
Science

N/A N/A 8.025-8.400 0.375

ÅX-band Space 
Science

7.190-7.235 0.045 8.450-8.500 0.050

ÅKa-band N/A N/A 25.50-27.0 0.500to 1.500

Overlap Up to 4x



SOFTWARE DEFINED RADIOS

STRS and Ka-band SDRs
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NASA Standard for Software Defined 
Radios (SDR) for Space Applications

ÅSpace Telecommunications Radio System (STRS) 
Architecture and Standard (NASA-STD-4009)
ïEnables independence of applications from software 

defined radio platform/hardware 

ïReduces effort to develop, port and share applications 
waveforms and documentation via repository

ïApplicable to all categories of spacecraft from large 
platforms to SmallSats and CubeSats
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ïMultiple vendors have STRS compliant 
SDRs or platforms in their product line

ïOthers under development via partners 
and NASA SBIR/STTR Program

ïSee https://strs.grc.nasa.gov/
STRS Layers Model

https://standards.nasa.gov/standard/nasa/nasa-std-4009
https://strs.grc.nasa.gov/


V SDRs offer economies-of-scale via common hardware, 
tailored to mission needs via STRS-compliant software

SCaN Testbed on ISSs is Flying Multiple 
STRS-Compliant SDRs from 3 Vendors

JPL/L-3 CE
ÅS-band SDR; 6 MHz channel

Å10 Mbps Class

ÅL-band receive (GPS)

ÅVirtex II, Sparc Processor, 
RTEMs

General Dynamics
ÅS-band SDR; 6MHz channel

Å10 Mbps Class

ÅVirtex II, ColdFire Processor 
(60 MIPS), VxWorks, CRAM 
(Chalcogenide RAM) Memory

Harris
ÅKa-band SDR; 225 MHz

Å>500 Mbps Class

ÅVirtex IV, PowerPC Proc, 
DSP (1 GFLOP), VxWorks

ÅSTRS adopted for use in 
IŀǊǊƛǎ !ǇǇ{¢!wϰ
software-defined payload 
architecture
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https://www.harris.com/sites/default/files/downloads/solutions/55557_harris_appstar_datasheet_final_web.pdf


SBIR/STTR Contracts for 
STRS-Compliant SDR Technologies

ÅSBIR-14 Commercialization Readiness Program
ïSoftware Defined Near Earth Space Transceiver (SD-NEST) [Space 

Micro]

ÅSTTR-15 Phase I
ïWideband Autonomous Cognitive Radios for Networked Satellite 

Systems [Bluecom Systems/U. of New Mexico]

ÅSBIR-16 Phase I Selections
ïOpenSWIFT-SDR for STRS [Tethers Unlimited]
ïPlug-In Architecture for Software-Defined Radios [Blue Sun]

Å[Earlier SBIR SDR Contracts non-STRS Compliant]
ï https:// www.nasa.gov/sites/default/files/files/SBIR_SDR.pdf
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V Watch for the 2017 SBIR/STTR call for proposals in November 2016

https://www.nasa.gov/sites/default/files/files/SBIR_SDR.pdf


Software-Defined Near Earth Space 
Transceiver (SD-NEST)
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SD-NEST
STRS-Compliant 

Multi -Band Transceiver

Proton 400k Rad-Hard 
Processor
ÅNASA MISSE-X Mission

µKaTx-300 Ka-band 
Transmitter
ÅNASA TESS Mission

µSTDN-100 
S-band Transceiver
ÅNASA IRIS, LADEE Missions

µXTx-100 / 200 X-Band 
Transmitter
ÅNASA IRIS Mission

X/Ka Wideband Receivers
(New Development) 

STRS Waveforms
(From Legacy Repository)



Software-Defined Near Earth Space 
Transceiver (SD-NEST) 

Å Frequency agile, multi-band transceiver
ï Narrowband TT&C over any frequency S-, X- or Ka-bands

ï Wideband data return and forward over X-band (375 MHz) or Ka-band (>650 MHz)

Å Flexible waveform processing
ï Low-power mode for TT&C alone

ï High-performance mode for high-rate mission data  return (>1.2 Gbps)

Å STRS Operating Environment
ï General-purpose processor available (e.g. P400K) for high-level control algorithms
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TT&C; RS-422 Mission Data; LVDS

Modem

Narrowband 
FPGA

Wideband
FPGA

CPU

STRS
OE

S-band
Module

X/Ka-band 
Module

Power 
Supply

Synthesizer 

/Power
L x D x H

4.9έ Ȅ уΦуέ Ȅ фΦнέ 
пΦлέ Ȅ уΦуέ Ȅ сΦлέ

V Engineering Model Completion in FY17 
V Seeking partners for contract option (with cost sharing) for proto-flight model


