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Motivation

e Demand for high speed data
transmission on CubeSats.

e Fasterradios are larger, more
expensive, and more power hungry.

® Chain multiple small radios together
to achieve higher data rates.

® Leverage investment of
telecommunications industry in
RFICs.
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Motivation
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Chain multiple RFICs

Out of 757 total cubesats deployed in orbit,
only about 35 us data rates exceeding 1
Mbps.

together to achieve
higher data rates and
wider bandwidths.
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Concept
Equalization filters required

{Iawer half}
Desired signal too wide to compensate for AD9361
for one receiver. receive filter shaping.

\ 4 f-h

AD9361

(reassembled signal)

J

AD9361

Use two receivers. Each f +h / //j
receiver tuned with a

frequency offset. (upper half)
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Theory and Simulation
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Overview

Combine signals from more
than one receiver to produce a
single wide-band signal

Any number of receivers can
be used for an arbitrarily large
bandwidth

Can this work in a general
case, without shared LO?
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Shaping Filters

Nyquist filters (e.g. raised cosine) have the property that magnitudes of the
overlapping region add to unity in the frequency domain.
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Signal Combination Without Phase Synchronization

Phase offsets cause
distortion in the combined
signal.
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Signal Combination Without Phase Synchronization

Magnitude Response Magnitude and Phase
1

Phase offsets cause ' |
distortion in the combined  °°|
signal.
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Signal Combination With Phase Synchronization

When components are . Magnitude Response 1 Megnitude snd Phase
phase aligned, they can be s}

added to recreate the 08| 0 —
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_.
=
=
[=]
=
tn
-

Magnitude
=]
o

Stabilized
0.4 1
03 05
[
0.2 0
h _’Ds\
0 s ' A1
0.5 0 05 -1 05 0 05 1

Frequency [cycles/sample]

UtahStateUniversity.

ELECTRICAL AND COMPUTER ENGINEERING



Signal Combination With Phase Synchronization

When components are . Magnitude Response , . Magnitude and Phase
phase aligned, they can be s}

added to recreate the 08| - —
original signal. 07 05 k
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Phase Synchronization Architecture

Input From Receiver 1 [ Shaping >
Filter 1 Phase
A .
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Phase Synchronization
Results

e Sample signals collected
from two AD9361 receivers
e Processed using MATLAB

e Quickly locks to signal
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%1074 Loop Filter Output

Phase Synchronization &

Results $o

e Sample signals collected B s @ B W 7 ® 7
from two AD9361 receivers Fye Dingram

e Processed using MATLAB
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Proof of Concept
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Hardware Implementation

AD FMCOMMS5

Dual AD9361 RFICs

70 MHz - 6 GHz range
Up to 56 MHz BW (each)
Synchronized sampling
Separate LOs (in our
configuration)

Zync-7000 SoC
e Synchronization logic
implemented on FPGA for

real-time demonstration UtahStateUniversity.
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Hardware Implementation

Y ))) 18

Host PC |

With GNU Radio

Radio Tx

(B205mini-i USRP)

Radio Rx

(AD-FMCOMMS5
EBZ)

Onboard

|

FPGA i
(zyng-7000  Processor
Dev Board) ' With GNURadio
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Transmit

Receive

GNU Radio Transmit and Recelve

Camera Source
Syncword (16 bits): 65.28k
Device Number: 0

UHD: USRP Sink Constellation Rect. Object
2 D: qpsk
Samp Rate (Sps): 4M !
I ChO: Center Freq (Hz): 245G Symbol Map: 01,2 3 .
ChO: Gain Value: 30 Constellation Points: ...07mj
ChO: Antenna: TX/RX Rotational Symmetry: 4
Real Sectors: 2
TSB t: 3
2o neme inary Sectors: 2
Width Real Sectors: 1
Width Imaginary Sectors: 1

Constellation Modulator
Constellation: <con... (m=4)>
Differential Encoding: Yes
Samples/Symbol: 2
Excess BW: 350m

Multiply Const

FMComms5 Source
110 context URI: ip:...68.1.2
LO Frequency (RX1/RX2): 2.45G
LO Frequency (RX3/RX4): 2.45G
Sample rate: 4M
RF bandwidth: 20M
Buffer size: 32.768k
Quadrature: True
RF DC: True
BB DC: True
Gain Mode (RX1): Slow
Manual Gain (RX1)(dB): 64
Gain Mode (RX2): Manual
Manual Gain (RX2)(dB): 64
Gain Mode (RX3): Manual
Manual Gain (RX3)(dB): 64
Gain Mode (RX4): Manual
Manual Gain (RX4)(dB): 64
RF Port Select: A BALANCED
Filter:

Taps: rrc_taps
Filter Size: 32

Constellation Rect. Object
1D: gpsk

Symbol Map: 0,1,2,3
Constellation Points: ..07mj
Rotational Symmetry: 4

Real Sectors: 2

Imaginary Sectors: 2

Width Real Sectors: 1

Width Imaginary Sectors: 1

My QPSK Demodulator
Gray Code: Yes

Polyphase Clock Sync
Samples/Symbol: 2
Loop Bandwidth: 62.8m

Costas Loop
Loop Bandwidth: 62.8m

Initial Phase: 16
Maximum Rate Deviation: 1.7
Output SPS: 1

Decoder

UDP Source
IP Address: 127.0.0.1
Port: 1.235k
Payload Size: 4
Null Pkt Is EOF: True

Syncword tagger
Syncword: 65.28k

UDP Source

IP Address: 127.0.0.1 o Image Sink
Port: 1.236k . ml e y Syncword (16-bit): 65.28k

Payload Size: 4
Null Pkt Is EOF: True
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Synchronization in GNU Radio
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Synchronization in 11OScope




Resulting Bit Error Rate

107"

. . . —©— Single Receiver
Signal combines coherently, noise —— Combined Receivers | |
combines incoherently. 107
Increased SNR in overlapping g 10°
region overcomes implementation 5

L
loss. = 104
10-5 L
10 ' : : : : : : :
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Eb/No [dB]
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Conclusion

e Thisis a feasible arbitrary bandwidth radio architecture

e Relatively simple signal processing is used to combine signals
o Can operate in real-time on an FPGA

e Proven on Rx side, this technique could be turned around for Tx
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Questions?
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