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Background: Who are we ?
Who:

= Kurt Schwenk, Daniel Herschmann

= Management, Development, Operation

Where:
* DLR — Oberpfaffenhofen (Munich)

= Space Operations and Astronaut Training

= On Orbit Servicing and Autonomy Group
(Space flight technology)

Topic:
* On-Board Data Analysis and real-time
Information system*

= Knowledge: C++, Linux, Embedded systems,
rt com, on-board computing, Al infrastructure,
SW build&deploy, project management

Stade

Bremerhaven

Hamburg

Oldenburg
Bremen

Trauen

GSOC control room

Geesthacht

Neustrelitz

Braunschweig

EPOS Facility
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https://elib.dlr.de/192449/

Background: Motivation

Satellite operation

= Communication via ground stations
» Passive data store-forward operation

Bottlenecks

» Low responsiveness

* Limited download capacity
* Low operation flexibility

* Inefficient resource usage
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Background: Motivation

Technology development

» Data relay satellite networks

» L aser based communication

» Sat-Sat constellation communication
= Onboard data compression

Wanted

For small/medium sized satellite
missions
» |ow latency alarming services

= On demand data access

Ground station contact windows of satellite
missions
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Background: Solution Approach on-board computing #
DLR

Enabling technology v

Onboard ‘| Coordinates
processing '| Additional info

» Satellite networks meant for
telecommunication (lridium)

T ‘,

L GPS J [ Imaging sensor J \IS , M2k emy

antenna
SPACE SEGMENT
< -

Open issues

» Real-time communication link
» Information system

* On-board data processing | 8
= Application service platform = AT

~-

Concept of an on-board computing system
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Background: History #7
DLR

Amaro (2016-2018) ODARIS (Since 2019)

« Aircraft flight experiment « Space experiment
(before 2016)  On-Board Ship preparation

ldea

Detection System Al application

 Participation ScOSA,
Seranis (2022)
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THE ODARI

USE CASE SCENARIO

.



Example scenario meant for illustration of

ODARIS — Use_Case example Scenarlo the basic concept. Usecase does not

necessarly reflect any current mission or
@ ID | Tpe Position Time AlS

configuration
EO-Platform p

12 |Transporter 4.,99°/52.43° | 13:03:57 | Yes

13 |lIceberg 5.33°/52.43° | 13:05:43 | Yes

13 | Oil-Platform 5.38°/55.43° | 13:05:45| No

Unknown Ship|4.99°/49.19° | 13:52:22

Step 1: Images are captured, analysed and alarm event detection is
performed
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Example scenario meant for illustration of
the basic concept. Usecase does not

ODARIS — Use-case example scenario necessarly reflect any current mission or

configuration

@ "sh y,
EO-Platform » @ssage 0330\‘

Unknown ship detected
Position 4.99°/49.19°
No AIS.

Step 2: Alarm event message is generated and sent to the user
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Example scenario meant for illustration of
the basic concept. Usecase does not

ODARIS — Use-case example scenario necessarly reflect any current mission or

configuration

N
—
® Yser Qu Y\é“&

e
EO-Platform » Ty ;

Send me
details about
this ship

Step 3: User examines alarm message and requests additional
Information
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Example scenario meant for illustration of
the basic concept. Usecase does not

ODARIS — Use-case example scenario necessarly reflect any current mission or

configuration

@ Query :8&\

EO-Platform » es'oohs 9‘3@
e

Object 15:
Classification: ship

Ship type: unknown

Last Position: 4,99°49,19°
Last Oberservation:13:52:22
Heading: 068*
Velocity: 32 km/h
Ship size: 210m?*
Ship length: 30m

Step 4: Respond message is generated and sent back to
the user
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ODARIS - Hardware architecture

On-Board Computer

(runs ODARIS software system)

i DLR

>

Realtime
communication

transceiver

—>

Sensors

(camera)

>

Satellite bus

(TM/TC)

Hardware architecture of an typical ODARIS implementation
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Query Push

ODARIS Software architecture Senvice S #7
DLR

Requirements

» Responsiveness \ /
= Reliability
IDatabase ‘

 Extensibility R
= Flexibility
= Efficiency

Service Service Service
» Performance Com Com Image

TM/TC RT Analysis

Design
= Service driven architecture System Real Time
. . TM/TC commur?ication Sensor data
= Database centric architecture Interface device
» Message based communication Software context of an typical ODARIS implementation
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DATA PROCESSING & MANAGEMENT OVERVIEW #
DLR

» Database centric architecture
» Product data storage
» Log/Status data
= System communication
» Query language (SQL)

= Service based architecture:
» Data generation/management/communication decoupled
» Process separation per task/thread possible

" Features:

= Low latency response time
Data delivery on demand
Fine granular data access
Failure hardening
Extensible
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Typical dataflow within the ODARIS system

External device . ODARIS processing
device data .
(Sensor, Bus) service

ODARIS information

DLR

product (meta)
data

data elements

User Message

service requested ODARIS
database
ODARIS User Message
a— User Message communication (encoded)
ODARIS service
database
(PostOut
Box)
A

Communication channel
(RT device/ TM channel)
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ODARIS Logging

DLR

id Module Mame Value LogTime
Fi...|Filter Filter Filter |Filter

1 1 serviceQuery QueryErrors 3 2023-07-05 17:03:18
serviceQuery ReceivedQuerys 28 2023-07-05 17:06:58
serviceQuery | Initialized yes  2023-07-0517:05:18

| L0 | B2
L B %

serviceQuery ExecutionCycles 203 2023-07-05 17:08:41

id Timestamp Severity Module Message
Fi...|Filter Filter Filter Filter
29 | 29 2023-07-03 13:28:39 info serviceQuery Initialized service_query
30 | 30 2023-07-05 15:29:09 info serviceQuery Received SQL-Query: system.db SELECT *
31 | 31 2023-07-03 13:29:09 warning serviceQuery Error SQL-Query: SELECT *, (likely wrong sql ...

32 | 32 2023-07-05 15:29:09 ermor Exception_DbS0Lite_c | SglQueryno tables specified [fhomerskurt/...
33 | 33 2023-07-03 13:29:26 | info serviceQuery Received SQL-Query: system.db SELECT *
34 | 34 2023-07-0515:29:26 warning  serviceQuery Error SQL-Query: SELECT =, (likely wrong sql ...

Odaris | Kurt Schwenk& Daniel Herschmann | 06.10.2023




22 .




ODARIS — Real-time communication system - #7
DLR

» Usage of satellite based
telecommunication networks

= Reasonable communication N 1 - ‘ !
performance on air-craft platforms " e

MSL COMSOLE

» Challenge on space platforms

S4 Crossover Iridium Packets (2022-03-22 to 2022-05-26)

» Using commercial solution from

Latitude (°)

https://www.nearspacelaunch.com
» EyeStar-S4 Radio

Based on Iridium network _ 8 .

< 13,5 Bytes/s downlink (~ 1MB/day) U w m m ® ® o W m w ow w e

Longitude (°)
n. Using the I

- Figure 1 Global Iridium coverage data of transferred qackets from the S4-Crosoover missiol ridium TX firmware within the EyeStar-S4. Note the full global
] M e S S ag e S I Z e : ~ 2 O O B yte S coverage, with increased connectivity over the polar regions.

) Product information, EyeStar-S4-Radio, Source:
u AnyWh ere-Anytl me https://nearspacelaunch.com/eye-star/ (copyright provided by NSL)

= Uplink available
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ODARIS - Implementation

Typical hardware environment

= Zyng-7020 SoC (Xilinx’/AMD)

= 512 Mbyte Ram

= ARM Cortex-A9MP dual core

»= Frequency ~ 800 MHz

Typical software environment

» OS: YoctoPoky Embedded Linux
» Lib: TFLite/OpenCv/Boost/SQLite
» Dev: C++/CMake/Bash

» CI: Gitlab/CodeAnalysis/TargTest

Typcial testing environment

» Laboratory demonstration environment
= Command GUI

ODARIS laboratory demonstration environment

File Help

Connection:

127.0.01 Connect Disconnect

Predefined Queries:

- Send Query

Custom Queries:

system.db SELECT * FROM Log where id=1 Send Query

Query Answer:

ODARIS command GUI
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ODARIS SW Component Overview #
Linux Standalone AMARO configuration DLR

= Service Management
runsemcesrlipne‘tect

= B Services &Tools
e al

System environment

Eth: Control Eth/local: Controlling &
Hardware (CPU,MEM,MASS,IF) SBD-Device AlS-Device camera monitoring
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Summary #
DLR

Key message

* Demand for anytime/anywhere low latency satellite system access,
especially for small/medium sized satellite missions

= ODARIS solution approach:
= Utilizing satellite telecommunication networks
= Onboard data analysis

= Questions
» Real-time communication channel performance?
» Reliable operation in space environment ?
» Deploy ability on space systems ?
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Challenges and next steps

Near future

= Experiment flight platform integration
» Al-cloud detection integration
* FDIR concept & implementation

1deou09 Jo Jooid

= Operational mission concept
* Quality management
= Documentation

Far future

= Space software deployment concepts
* Integration of 3' party application
* Integration in satellite operation

uonesado ojul uoneiboyui

i DLR

Even more
Work
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fOF your atten’ti\“dn

Questions?

Contact: kurt.schwenk@dlr.de
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