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Risks

“This will NOT happen
to MY spacecraft.”
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Mars 1 (1962)
Zond 2 (1964)
Galileo (1989)
Chandrayan (2009)
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Huygens/Cassini Design Flaw

« Flaw = All Huygens
data would be lost.

* Doppler time-shift not
accounted for.

* Firmware not
reprogrammable.

« Resolution - Change
Huygens trajectory.
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The Communications Channel




Channel Bit Error Rate (BPSK)
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Channel Encoding

« Add redundant 10dB;
Information.
] ; 7 dB:
« Special mathematical
constructs.
4 dB:

 Detect or correct

transmission errors. L 4B

-2 dB:
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Jack and Jill ran up the hill to
fetch a pail of water.
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Typical Channel Encoder

Constraint Length-4

Convolutional Code >
Encoder ﬁ\

from source——

> to channel
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Rate Y2 Convolutional Code
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CCSDS Reed-Solomon Code
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Channel Code Concatenation

from source__, N LS 5 to channel




Concatenated
Convolutional/Reed-Solomon
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Firehose Software Defined Radio

o Satellite Radio

— FPGA firmware

« Baseband
processing.

— Non-volatile
memory

— Up/Down converter
customizable
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System Architecture

Receiver

| Low-Noise Down-
Amplifier Converter

Transmitter v

Power
. [ €
Amplifier Converter C
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FPGA Reprogramming

« Partial Reconfiguration
« Post launch bitstream deployment

Storing of multiple waveforms

Receiver

FPGA after upgrade of “D”

c ||l o,
config.

interface Configuration
A B u-Controller

r—b Up < DAC — FPGA

Converter config
C D, ml Firmware
| ——— ————— | PROM
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Firehose

An Adaptive Waveform

./

Adaptive
ACI;grcc))rlijtrr]lcrln Adaptive
Uplink: =7 e\ Satellite

10 kbps < Algorithm

Adaptive

downlink:

5 kbps up to
10 Mbps

>10x Better

AdaPtiveRadioTech.Com




Firehose Waveform: How It works

Data Rate vs Time
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Conclusion

* Post-launch reconfigurabillity
— Resolve design flaws.
— Overcome new challenges.
— Migrate to new infrastructure
* Improved power efficiency
— More bandwidth for very small satellites
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