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« Demonstrate the Digital Video Broadcasting - Satellite - Second
Generation (DVB-S2) standard using commercial off-the-shelf (COTS)
receivers, and determine feasibility going forward as a low-cost, high
performance option for NASA's communication systems.

« Evaluate the Adaptive Coding and Modulation (ACM) features of the
DVB-S2 standard, and quantify data throughput gains over traditional
Constant Coding and Modulation (CCM) operational modes used by
NASA.

« Extend upon previous Variable Coding and Modulation (VCM) testing’
and seek to further improve link reliability and efficiency, as well as
increase operational automation.

« Create a software test platform for other developers to demonstrate
more complex adaptive / cognitive algorithms using the DVB-S2
standard.



SCaN Testbed on ISS
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Direct-to-Ground Pass
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« Waveform Configuration Information:

Supports up to 6.125Mbaud
— Square Root Raised Cosine, a = 0.20, 0.25, 0.35
— Framing Protocol: CCSDS 732.0-B-2

e 73% of Slices used on 3M Virtex-l|
« Available in STRS Repository
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Uplink Waveform: GGT Receiver

« Waveform Configuration Information:
— Modulation/FEC: BPSK, 155.346kbps, r=1/2 convolutional code
— Framing Protocol: CCSDS 732.0-B-2

 71% of Slices used on 3M Virtex-I|
« Available in STRS Repository
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COTS Receivers

— Allow for evaluation of end-to-end system using low-cost, readily-available items

Adaptive Controller

Ground System Components

— Translates current Es/No into highest spectral efficiency MODCOD with FER £ 10
— Inherently requires modem characterization across MODCODs and symbol rates

Ground Software
Used to automate data capture and present real-time statistics, including FER/BER
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N@ﬁ Results from On-Orbit Testing S
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Data Throughput Improvement of ACM
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Intelligent Link Control

Predictive / Learning Algorithm _ Originaland Prodicted ESNO -  stops ahead
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Conclusions

« DVB-S2 provides a reliable and widely-available mechanism for ACM
— COTS DVB-S2 receivers were inexpensive and performed extremely well

— Application to less dynamic links will have a more subtle improvement,
but will still out-perform legacy NASA approaches

« ACM provides significant data throughput gains

— 4.3dB improvement over legacy NASA CCM modes

— 1.6dB improvement over VCM results

— Performs within 0.25dB of the zero round-trip delay (ideal) case
« ACM significantly decreases operational overhead

— Up-to-date event predictions were no longer needed

— Ground software operated flight events autonomously



Future Work

« Adaptive point-to-point links are an
important building block of intelligent
communication systems

» Global mission needs should be
managed at a system-wide level

— Throughput optimization

— Network scheduling

— Spectrum sharing
« Now that configurable lower-layer
protocols are in place, higher-layer
cognitive applications can be developed

and added for more optimal system
performance
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Additional Information

E-mail: michael.a.evans-1@nasa.gov

Visit SCaN Testbed Online:
https://spaceflightsystems.grc.nasa.gov/sopo/scsmo/scan-testbed/ .

Visit STRS Online:
https://strs.grc.nasa.gov/
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