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SunRISE

3U Cubesat

6 element radio interferometer .
0.1 to 30MHz =

__&IA

Downlink via DSN and
correlates on the ground




Baselines in physical space Baselines in uvw parameter space
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ISOC Geometry

Pin diode
detectors

4 inches

_Transmit
telescope
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. Main Goals: Enable constellations
and swarms
= 5 | pieabit per second communications
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DORA

* One of the limitation for high data rate
optical communications is the Tx/Rx
aperture size

, * Tx/Rx apertures are typically compact
I ||
Ilg" o ( "[él“ )e. and conformal to the spacecraft body
, | * This also limits pointing freedom
N
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ISOC Link Budget
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Dora link budget
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DORA Supporting LUNAR NET

Renderingﬂby.‘:t' nchez de La Vega
, Sy i : S .
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DORA in LEO

Rendering by Jaime Sanchez de La Vega

DORA enabled cubesat in proposed LEO test
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DORA CUbCS&t | N Deployable Optical Aperture
Design BRR

* Pheonix Heritage with
updates

Beagle bone computer
MAI attitude controller
Planet openLST radio

Optical - N
6x2U panels. 2 deployable, 4 Transmitter 0 Payload

fixed I8 driver |
e GPS i Interface OBC,

board UHF Transceiver,

GPS Batteries

* More Batteries

e KubeOS Linux-based OS
tanda'd"ed CCSDS protocol

&
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System Architecture

DORA CubeSat

MEMS mirror

DORA Receiving Panels
Ground Transmitter
Ground Receiving Panel
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DORA DEployment
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DORA Deployment (Fold —in mode)

m Arizona State Jp Jet Propulsion Laboratory
University California Institute of Technology

18



Tx Optical Telescope

. MEMS mirror
DORA Transciever Laser o
functional Diagram

5

Collimator Mirror

* Silicon Photomultiplier
detectors

e Order 100 detectors
combined per panal

* ADC for Angle
detirmination

* MEMS mirror steers +/-

1Qdeg
> B
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DORA Payload subsystems

SiPM array

Mixed-signal PCB

TEQ741 Xilinx Kintex-7
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SensL SiPMs and Panels
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Lumped Element vs Microstrip
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Lumped vs strip

Microstrip Wilkinson

N

SiPM padding

s B
=HCH
Two Stage Microstrip
Wilkinson
Er~ 4.6 Er~10.2
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This prototype design uses 4 panels

Virtex 7

Each buffer holds 4 values

(4x 16
B buffer_0
‘ \ data_collect_0 q Pulse detection
o %, 9 |
X y b
‘ A L‘ U LA I I O N N ( \ g M - pulse begins when all 4 vals are
« X data_collect_1 q high in >= 2 buffers
4 v - if pulse detected on > 2 channels,
o 100 I b d d d . \ W, AD9266 still only 2 channels used
I I | M o - pulse ends when buffer_x[0] goes
. u S .p u S.e e e e I n b £ data collect 2 q low in one (or both) of the two
I N — — active buffers
I n CO I I I I n g S I g n a - 2 averages will be calculated; both
channels have same pulse
data_collect_3 #

duration, but different sums

4x photodetector

analog signals

¢ ADC reads power mux_select mux_control
2 (onties approprie
* FPGA detects pulse Gb data pathway not shown
* If enough panels see pulse, . , , ]
Simulation using lab measured detector noise
* Use_knOWF\ angula.r response AoA accuracy required: 1.4mdeg
of SiPM panels to infer T
incoming Angle Ideal AOA  31.000
* Steer Tx beam back towards 402 wirinois s £90 970
Rx AOA noise corrected  30.972

Inverse Variance Weighting to (mdeg)

Error without noise correction

compensate for bad sensor input _ . :
— Error with noise correction
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Conops and ground station

* Fly in Sun-Nadir mode
* Turn towards laser source (either by command or using AoA)
e Uplink BER test

e Against stored pattern
* Download upload via UHF

* Downlink BER test
* Uplink required to close, use loopback

* Possibly support networking
* Possibly support direction

» Safety / Regulatory
* 1IW IR Laser
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Conops

* Fly in Sun-Nadir mode
e Confirm health via UHF

* Find with Ground laser Furst Cight
. # AN /]
* Calibrate panels : L
+ e —
* Turn towards laser source (either < .

by command or using AoA)

FWC‘T\ALU(%EL Moo tar Rx Fooer UPloa Ry Calibratcoon

Po14tng

DORK Poyled s Ao #557:3°
A’D&ﬁ Tlml:sl
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Conops with working Rx panel and pointing

Date Oplak tes+4. Oate c{:\.ul:.ws&?_

C&n ’rl.'OIh'f‘C, fl\x
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Pointing testing

AIR INLET
FITTING FOR 6MM TUBE

* |l Lab facility under
development

e Test and calibrate cubesat
pointing

ALTERNATE AIR INLET LOCATION

* Air bearing
e Helmholtz coils
e Sun simulator

: Simu_#ation in the loop

\ ¥
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Schedule

e Preliminary Design work (summer
pAVPAs)

e Software and computer eval
* Concept of operations
* Cubesat parts selection

* Payload: FPGA design, signal board,
power combiners

First flatsat prototype: Dec 2020
First laser prototype: Dec 2020

First Mechanical prototype: Dec
2020

First combined prototype: April 2020
Capstsnes Due: May 2020

" Arizona State
N ' % University

e Summer 2021

e Spacecraft EDU
 Ground terminal

* CDR Aug 2021
* Fall 2021

* SC Testing
e Second laser prototype testing

* Spring 2021

 EDU and Payload integration testing

* Project complete July 2021

AP

Jet Propulsion Laboratory
California Institute of Technology
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Key Performance Parameters




