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KSAT. Cloud-Based Digital Signal Processing

Digital Signal Processing of Spacecraft Data

= DSP encompasses

- Modulation/demodulation

- Encoding/decoding
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& Packetization/depacketization data to/from

Q‘ - Additional processing including filtering, measuring, compressing antenna/downconverter
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/ﬁ': = Deterministic spectrum transport over IP key to cloud-based DSP

- Enables site diversity, centralization, disaster recovery and even rain fade mitigation

TRANSFER FRAME
- TRAILER (Optional)
- TRANSFER TRANSFER TRANSFER FRAME

" 1 FRAME FRAME DATAFIELD OPERA- FRAME
ﬂ f PRIMARY SECONDARY TIONAL ERROR
L| == E S AR AER [ RS fE R AR RS 5 S HEADER (%E&DET; CONTROL | CONTROL
ptional FIELD FIELD
[ > | i f 1 U — _— JEwo | e

6 octets Up to 64 octets Varies 4 octets 2 octets

|47 COMMUNICATIONS LINK TRANSMISSION UNIT 4’|

START TAIL
U L0 g SEQUENGE ENCODED DATA SEQUENCE

BCH CODEWORDS R
64 BITS EACH 648ITS

4 16 BITS —p—

Digitization is a critical step in moving space data through the ground segment, to the end customer or user, and enables

transport of digital IF to the cloud over IP.
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= Public Clouds

- Pay-as-you-go offloaded datacenter management

- Enterprise security

- WAN backbone
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DSP in Public and Private Clouds

Front End Processing

Scheduling

Orchestration

Antenna Control

Software Radio

Monitoring

= Private Clouds

- Local security controls

- Direct oversight of infrastructure design

- Onsite processing when bandwidth is limited
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KSAT. Engineering Tradeoffs/Recommendations

* General Purpose RF
Processors: Slowest, but
greatest flexibility and can

Container Manager take advantage of special
instruction sets
Operating System e eource
Digitizer
Infrastructure . . . (IRIG + 10 MHz)
* Graphics Processing Units:

VS Faster, but supply issues
and memaory bandwidth DIFI Packets + Advanced DIFI Packets + Timestamps
Virtual Virtual Virtual h|nders use Timestamps
Machine Machine Machine

* Fully Programmable Gate
Arrays: Fastest and lowest Software
SWAP, but expensive and gt

cannot be virtualized

VIRTUAL MACHINES/CONTAINERS HARDWARE CONSIDERATIONS TIMING/RANGING
Recommend containerization of DSP Recommend General Purpose Processors Recommend timestamping digital IF at the
software modems automatically initialized for narrowband/wideband and FPGAs for antenna (edge) for Rx and advancing )
and configured during pre-pass ultrawideband applications timestamps on Tx to be greater than
network latency and transmitted at correct
time i

WE CONNECT SPACE AND EARTH
UNCLASSIFIED

Digital IF
Signal Data Packets
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Time Stamp (ps) Packets
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https://dificonsortium.org

OPEN STANDARDS

Recommend use of:

Digital IF Consortium Standards (VITA-
49 & ISTO Std. 4900 2021)

CCsDs
DVB-52
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Performance Characteristics

KSAT finalizing Kratos gRX
wideband modem integration
into a private cloud

Current OpenStack platform at
Troms@ processes wideband
using both bare metal and
OpenStack gRX

Enables collection of
performance metrics between
full OpenStack implementation
and gRX residing on separate
bare metal servers

LHCP : RHCP

H H
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KSAT. Performance Characteristics

= No performance limitations
when migrating to OpenStack
gRX implementation

= Some efficiencies seenin
OpenStack implementation
based on available resources
(80 bare metal cores v 32
OpenStack cores)

!u.x;_x;-.‘;_1-.1;.-..;_;-1;;;-_.-._1l§ E i signal Value
I Parameter

. Carrier ~8100 MHz

= Ultrawideband applications
will likely more strongly benefit
from scalability of public

Modulation 8PSK —

o Wheecetver NRZ-L

Polarization RHCP +

cloud-based implementations LHCP s e
Data Rate ~1050 Mbps e B e
Coding RS (255,223)
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KSAT. Backwards Compatibility/Special Handling

= Single Root Input/Output Virtualization (SR-I0V)

- Normal traffic transiting PCle interface can be easily interrupted by resource request within the
cloud stack

- Allows pinning of PCle interface to VM enabling uninterrupted dataflow to digital IF source

- Critical for continuous packet transmission and correct ordering

= Non-Uniform Memory Access (NUMA) Pinning
- Pins NUMA node, CPUs, and NIC to ensure nothing crosses the Ultra Path Interconnect (UPI) link

- Prevents latency/dropped packets that are processed with non-local resources

= Advanced Vector Extensions 512-bit (AVX-512) Instruction Sets
- Greatly improves vector processing on CPUs, allowing for performance closer to FPGA solutions

- Not necessarily virtualization dependent, requires high-end Intel CPUs
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KSAT.. Notional On-Premise Architecture for DoD/IC 1
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Notional On-Premise Architecture for DoD/IC 2
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Conclusion

Cloud-based DSP using digital IF offers many advantages over analog modems — viable for both
narrowband and wideband applications

Engineering tradeoffs must be considered when designing cloud architectures
With specialized handling, performance characteristics are not limited, even in a private cloud

Commercially available solutions are suitable and available for DoD/IC space-to-ground
communication needs — extendable to higher classification level environments

Future missions require globally distributed networks and wideband applications — cloud
architectures ensure DSP is available, flexible, and cost-effective for cislunar missions and
beyond.
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KSAT.

Questions?
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