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Introduction

SUNRISE 3 collaboration

@ JOHNS HOPKINS
APPLIED PHYSICS LABORATORY

S.K. Solanki (PI) + MPS Team
Max Planck Institute for Solar System Research, Germany

P. Bernasconi + APL Team
Applied Physics Laboratory, Johns Hopkins University, USA

J.C. del Toro-Iniesta + IMaX+ Team
Instituto de Astrofisica de Andalucia, Spain and the IMaX+ consortium
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T. Berkefeld + KIS Team
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Y. Katsukawa + NAOJ/ISAS/JAXA Team
National Astronomical Observatory of Japan

System Thermal Analysis and Design

|. Perez Grande + UPM Team
Universidad Politécnica de Madrid, Spain
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IMaX+ consortium

* [IMaX+ is a joint development by a consortium of five
institutions
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* Instituto de Astrofisica de Andalucia (I1AA)

e Instituto Nacional de Técnica Aeroespacial (INTA)
* Universidad de Valencia (UV)

* Instituto de Microgravedad Ignacio Da Riva (IDR)
* Instituto de Astrofisica de Canarias (IAC)
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Introduction

SUNRISE 3

* Mission of NASA Scientific
Balloon Program.

* High resolution solar
observatory that can
observe the structure and
dynamics of the Sun's
magnetic field.

1 m Zerodur primary mirror
» Third flight:

* Stratospheric flight ~¥37 Km

e Duration ~1 week

* From Sweden to Canada

* Expected launch Summer
2021
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Instrumentation for SUNRISE-3

Science instruments

e SUSI = SUNRISE UV
Spectropolarimeter and
Imager
A =300-400 nm

e SCIP = SUNRISE
Chromospheric Infrared
Spectro-Polarimeter

A=764-773 nm, 846 — 855
nm

e IMaX+ = upgraded Imaging
Magnetograph eXperiment
A=517.3nm (Mgl), 525.02
nm (Fe I)
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IMaX+ and SCIP instruments

Electronic Unit (E-Unit)

Analog, Mechanism High Voltage
and Heater Driver Power Supply
(AMHD) (HVPS)

Power
Converter
Module (PCM)

Data Processing
Unit (DPU)

SCIP-

Optical Unit (O-Unit)

Mount IF1
Polarization
oelulator
lit-jaw,
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Analog, Mechanism
and Heater Driver
(AMHD)

Power
Converter
Module (PCM)
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Data Processing
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IMaX+ instrument
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IMaX+ Electronics concept block diagram
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SCIP Iinstrument
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Data Processing Unit
Concept
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Sunrise Platform

CsiC

DPU system
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DDR4 - 64bits, 2GB
19.2 Gbps

Data Processing Unit (DPU)

Internal Power
Converter Unit

- 'li~
5 PCI Express 2.0
20 Gbps
full-duplex

Gigabit Ethernet
1 Gbps

SATA Gen. 2
3 Gbps

SSD
47TB

\cROCH®

DDR4 - 64bits, 2GB
19.2 Gbps

i | |

|

Analog, Mechanism
and Heater Driver
(AMHD)

High Voltage Power
Supply (HVPS)

Power Converter
Module (PCM)

Coaxpress CXP-3
Downlink : 3.125 Gbps |
Uplink : 20.833 Mbps
Supply: 24V

Coaxpress CXP-3
| Downlink : 3.125 Gbps |
| Uplink : 20.833 Mbps |
| Supply: 24V |

Coaxpress CXP-3
Downlink : 3.125 Gbps
Uplink : 20.833 Mbps
Supply: 24V
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Frame Grabber

1O B A3rRoz,
ey

SPG Encuentro RIA-SpaceTec
Octubre, 2018 — Madrid

h"”mmﬂ"

CSIC




CSIC

Frame Grabber

Frame Grabber requirements

2 x (4 Mpix, 12 bpp, up to 32 fps)
1 x (0,41 Mpix, 12 bpp, up to 32 fps)

Image 2 x (4 Mpix, 12 bpp, up to 25 fps)
acquisition
O-unit I/F Drives through AMHD:

= Pre-filter wheel

= HVPS-Etalon

= LCVR - polarizers

Data " |mage accumulation
processing = Lossless compression (Rice-
based CCSDS-LDC 121)

Encuentro RIA-SpaceTec
Octubre, 2018 — Madrid

Drives through AMHD the Scan
Mirror Mechanism (SMM)
Keeps synchronized with
Polarization Modulation Unit
(PMU)

Image accumulation
Demodulation

Lossless compression (Rice-
based CCSDS-LDC 121)

lossy compression (root square
based)




Frame Grabber

L]
GEN<I>CAM
=  Downlink (3,125 Gbps)
SDRAM-DDR4

= |mages BANK 1

=  Housekeeping = Data to System Controller
= Uplink (21 Mbps) = |mages + metadata

= Trigger — " Datato Frame Grabber

= Camera configuration DDR4 controller = QObservation commands

XCKU040
(Kintex Ultrascale)

v

Data processing pipeline

:—
<—

System controller

Cameras

External synchronism

[
»

1

Micro3laze '

DDRA4 controller

To AMHD driving O-Unit

<«

SDRAM-DDR4
BANK 2
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Frame Grabber
( Power on )
v

" Observation parameters from
> Wait fo.r System Controller:
observation \ « Cameras configuration
f * O-Unit configuration
Configure * Image processing configuration
cameras
v
Observation process
N Configure Image processing process
O-Unit
Image Image Image
Y demodulation accumulation compression
Wait for
synchronize

A 4

Trigger
acquisition
Acq.
done
Observation
done
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Frame Grabber

[ DDR4 — BANK 1 }

Data processing pipeline

N

ﬁ

XCKU040 —

)

Data from
Cameras

)

Data to
System Controller

o
DDR4 — BANK 2 }
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Frame Grabber

4 DDR4 — BANK 1

TOTAL DATA RATE: 5,35 GB/s w
(28% of 19,2 GB/s DDR4's
performance)

\ N Circular buffer Circular buffer Circular buffer

XCKU040

Image Demodulation Image
acquisition /accumulation compression

- Data processing pipeline

Data from
Cameras

)

Data to
System Controller

Image Demodulation Image
acquisition /accumulation compression

49 r 498 9

/ @
Circular buffer Circular buffer Circular buffer
0 DDR4 — BANK 2
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Demodulation & accumulation

. . Image
Image i Image i-1 g
accumulated
Features:
* AXI-Stream I/F
:\A;Jlfllp/lécaélill/fzcicz')c [nter(;';iiiate @olarization ° 24 bit — Fixed point
xC—f | = 1] * 1 pixel per clock cycle
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PMU phase
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Frame Grabber

Compression block

compressed
Image

Input
image
Bit Compression
X= (N < Nc)
X=round(@a+VbN+c) (N>No.

+

- SCIP.'-
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CCSDS-LDC 121.0 \

le Option
Option g
Zero-Block Code
optin
Option
2nd Extension

Option
Fs

ption
k=1

Option LV
k=2

1

%
[
e

Features:

AX|-Stream I/F
24 bpp grayscale images

Bit compression based on sqrt
function (lossy)

Lossless compression core
compliant with CCSDS —121.0
standard (RICE like algorithm)

Expected compression factor
(CF):

* Lossless> CF =2

* Lossy> CF="3

I
I
17 |
I
I
|

Option
No Compression

Adaptive Entropy Coder

Encuentro RIA-SpaceTec
Octubre, 2018 — Madrid

éCSDS
=" The Consutative Commitios for Space Data Systams

Recommendation for Space Data System Standards

LOSSLESS DATA
COMPRESSION

RECOMMENDED STANDARD

CCSDS 121.0-B-2
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Control Software
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Control Software

Sunrise 3 communication overview
4 )

3 instruments (IMaX+, SCIP and SUSI)
connected to the ICU.

1Gbit Ethernet link between IMaX+/SCIP
and the ICU.

2 possible links between balloon and
ground:
* LOS Mode
* 600 KB/s (up/down)
* Only available up to 10% mission time
* NO-LOS Mode
* 12 Bytes/s (up) only 10 min/h
* 600 Bytes/s (down)

Two main software:

* Flight Control Software: CSW

* Ground Control Software:
e GUIMaX+
« GUISCIP

Encuentro RIA-SpaceTec
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Sunrise 3 communication overview

* MPS (Max Plank Institute for Solar

DPU (IMaX+/SCIP) System Research) Provides the ICU.

- * Instrument Control Unit (ICU): All

HKs, Thumbnails, the instruments aboard Sunrise are
images TCs connected to a network. The ICU is

the master of that network and

routes all the information from they
to ground and vice versa.

T * Telemetry (TM): It is the information
v " d“ STORAGE unit that the instrument provides to
A Images grou nd.
HKs & Thumbnails ICs * Telecommands (TC) It is used for
. sending commands to the

instruments from ground.
GUIMAX+/GUISCIP
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Control Software

Sunrise 3 communication overview

ICU point of view

ICU Header

Data

CSIC

IMaX+ or SCIP point of view

Data Header

Data

Source
Sequence Count

CRC

11111

Image or
Thumbnail or
HK

.
.,

TM control

Encuentro RIA-SpaceTec
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e The ICU Communication
Library defines:
e Both TC and TM packets shall
have a Header and Data field.

* The we will add to Data field
our header and control field
(SSC and CRC)

e There are 4 group (0,1,2,3) of
TCs that must be
implemented in all
instruments and the
functionality are defined.

* There are two types of TCs:

* High priority and short
duration

* Low priority and long duration
* There are two types of TMs:

* Housekeeping

* Science (images, thumbnails)




CSW main requirements

e One CSW for two instruments

» System Controller (NVIDIA TX2) manages:

* Booting and switch off
* Debugging and AlV

 Communications between ground and
instrument

e Camera control

* Image storage

* Data logging

* Hardware supervision

e Contingencies and recovery
* Housekeeping and thumbnail
* Sunrise Time Line

Encuentro RIA-SpaceTec
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CSW conceptual design

< Flight & Test Electrical Ground Support Equipment (GUIMaX+/GUISCIP ) > ° Layered architectures

Binary Socket (Tcp,.pi * Each layer, encgpsu!ates a
concrete functionality.

ICU

MPAe Library

=>TC/TM level

C Low Level Control Software (LLC) > :>DECO level

< Linux Operating System > ==>Linux for Tegra (L4T)
< Ethernet, Il_;c\év biVFf'T,DS;Sf g_llv_ltc))),:sm, PCle > <B°°“°ader >:>Drivers 7Pl s e
( DPU Firmware )
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DECO/UDP Philosophy

TC (Tele Command)

UDP (User Defined Program)
DECO
(Defined DECO DECO DECO
Command) "

* Defined COmmand (DECO): It is the minimal operational unit
for commanding the instrument.

 DECOs implement all the functionalities of Instrument.
e User Defined Program (UDP): It defines a sequence of DECOs.

 An UDP does not need to provide additional information to be
executed by the CSW
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Control Software

DECO working scheme

IMaX eorr peco

CsiC

..........

omserpoon

Formal
Documentation

System
& Engineer
Software
. l Engineer @ DECO
“ Web
Iterface | Authorized DECO
DECO Authorized & | Database
Requirements ‘ Requirements Impgé'(‘:egted\ ) DECO o
@ G% DECO
User1 Usern Fl'ight
Software ™
Embedded "
Script TC
Runner

UDP
Editor

GUI
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CsiC

GUIMaX+/GUISCIP Concept

DECO DB
Local DECO DH é, Ja\fan
’\:: ’
X

)

IMaX+/SCIP

DECOLib

GUIMaX+/GUISCIP
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Conclusions
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Current state of the design

Camera board prototype
(Designed at 1AA)

Frame Grabber (Xilinx KCU105
Development board)

System controller (Jetson TX2
Development board) CoaxPress Electrical driver
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Current state of the design

CXP Connector CXP drivers System Ethernet Connector
controller
CXP Connector 4\ i
> 1 Y ‘ 6 ”

CXP Connector o —p R YU SSD disk
(SCIP) P o N 7o /

Frame __ GRS S S \/
Grabber N . N A ‘\

3 \ ’ | a Connector
DDR4-64b A o

banks Connector

PCM
Connector
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Current state of the design
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Thank you!
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