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Bringing Cloud-Native PaaS to Space:
Onboard Edge Computing for Satellites




WHO WE ARE

Adele KARAM HANKACHE Sergiu WEISZ
Solution Architect at Thales Alenia Space Assistant Professor at POLITEHNICA Bucharest
leading the European ORCHIDE project and pioneering cloud- Contributor to the European ORCHIDE project with experience
native, unikernel-based orchestrators for space systems security-oriented topics and cloud infrastructure management.
contact: adele.hankache@thalesaleniaspace.com contact: sergiu.weisz@upb.ro
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INTRODUCTION - CONTEXT IN EARTH OBSERVATION
DOMAIN

Acquisition Compression Mass Memory Transmission
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Sequential tasking - Single mission per satellite/instrument
High mission cost - Specific systems

Difficult on-orbit modification - ground intervention
Complex payload - Growing number of instruments

Limited downlink bandwidth — High amount of data collected stored onboard aging and

losing value
£2 0
$ K ole
KubeC CloudNativeCo

ooooooooo Funded by the European Union Views and of p jions  expre: d are however those f h uthor(s) only and do n necessanly reflect ORCHIDE
those of the European Union or t ropean Commission. Neither t uropean Union n e granting authority can be held res ponsible forthem.



NEW SPACE & KEY TECHNOLOGY ENABLERS

NEW SPACE PARADIGM TECHNICAL ENABLERS

COST REDUCTION AND HIGH-THROUGHPUT
REUSABILITY : CUBESATS & COMMUNICATIONS
SMALLSATS

NEW BUSINESS MODELS AUTONOMOUS

AND APPLICATIONS OPERATIONS AND Al
GLOBAL ACCESS AND HARDWARE ACCELERATORS:

DEMOCRATIZATION OF SPACE GPUs, DPUs, FPGAs
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NEW SPACE PARADIGM - OBJECTIVES

Acquisition Mass Memory Transmission of results

Applications / Applications /
Acquired data Processing results

* Improve on-board data processing with Al and
alert instantly

« Multi-application and flexibility throughout the life
of the satellite
- Fewer satellites for more missions

» Optimize the volume of information to be

Master Node: Orchestrator acting asan transmitted to the gl’OUI’]d

intelligent router and resource manager

Processing Nodes: Processing / Al /

compression  Access to reliable information
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CASE STUDY - ORCHIDE PROJECT SUMMARY

Poland
(Co kP LaBS

Acquisition phase

Orchestration of Reliable ‘/
Computing on »“;:.(;es _* THALES
Heterogeneous Infrastructures ..
Deployed

at the Edge

3years: Dec2023 — May 2026
Co-funded EU project

= &

MEMORY _)’ ORCHESTRATOR H

The ORCHIDE project answers to the New Space
strategy of on board processing

ORCHIDE Components:

* GROUND LEVEL

: SOFTWARE MANAGEMENT
+  Software Development Kit DEVELOPMEN E:&&'—EWC?RT( FRAMEWORK
* Management Framework lpr o bl sted enuronment ot s

* Simulation Framework
GROUND

* SPACELEVEL
» Orchestrator
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SATELLITE AS A SERVICE

The path for Autonomous Earth Observation Satellites — Satellite As A Service:
« Satellites follow a structured mission plan
* New capabilities added to specify Al Services to be launched for each acquisition - with a given

priority.

Event type: ) o Instrument ID: —
. ACQ : Satellite acquistion «  Onesatellite can have multiple Station visibility:
. DOWNLOAD: Transmission window INST_1,INST_2,... . NA: acquistion Workflow priority:
- - . 1: Transmission window e 1to 4:1being highest priority

'\ —

ORKFLOW D1 WORKFLOW D2 WORKFLOW_D3 WORKFLOW_D4 PRIORITY_D1 Dmnmrd? PRIORITY_D3 PRIORITY_DA4

DATESZ ORBIT EV DT EV INST TYPE D1 TYPE D2 TYPE D3 TYPE D4
10/06/2029 00:23 1ACQ 4INST_1 O o o o N MS VIS Ms 1 1 1 2
10/06/2029 00:23 1ACQ 4INST 1 O o o o MS MS MS MS 1 + 2l 2
10/06/2029 00:23 1ACQ 2INST 1 O o o o MS MS MS MS 1 1 1 2
10/06/2029 00:23 1ACQ 2INST 1 O o VIS MS cD cD 1 1
10/06/2029 00:23 1ACQ 2INST 1 O o MS MS cD cD 1 1
10/06/2029 00:23 1ACQ 2INST 1 O o MS MS cD cp 1 1
10/06/2029 00:23 1ACQ 2INST 1 O o o o MS MS MS MS 1 1 il 2
10/06/2029 00:23 1ACQ 50INST_1 O o o o MS MS VIS MS 1 1 il 2
10/06/2029 00:24 1ACQ 2INST 1 L L L FD FD FD cD 3 2 3
10/06/2029 00:30 1ACQ 102INST 1 L L FD FD FD FD il 3 1 1
10/06/2029 01:58 2DOWNLOAD 268 a

/ Workflow ID:

Detector landscape type: ) s ’
Event duration in seconds: . O: Ocean . MS_. Maritime Surveillance
. If ACQ : acquistion duration . L Land . FD._ Fire Detection
. If DOWNLOAD: Transmission window duration *  CD: Cloud detection

s O
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WORKFLOW SERVICES

Each Al Service is compsed of several applications configured to be launched sequentially or in parrallel.

DATESZ ORBIT EV DT EV_INST TYPE D1 TYPE D2 TYPE D3 TYPE D4 VISI PRIORITY_D1 PRIORITY_D2 PRIORITY_D3 PRIORITY_DA4
10/06/2029 00:23 1 ACQ 4 INST_1 o o (e] o 1 1 1 2
10/06/2029 00:23 1 ACQ 4 INST_1 o o o o 1 1 1 2
10/06/2029 00:23 1 ACQ 2 INST_1 o o o o , a, 1 2
10/06/2029 00:23 i ACQ 2 INST_1 o o 1 1
10/06/2029 00:30 1 ACQ 102 INST_1 L L L L FD FD FD FD 1 3 1 1

2. DOWNIQAD 268

2

Needed information

Pre s ' Post
processing R processing

¢

E Example of anapplications workflow o’
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ORCHESTRATION - SATELLITE AS A SERVICE

ORB DT_ TYPE TYPE_ TYPE TYPE WORKFLO WORKFLO WORKFLO WORKFL PRIORIT PRIORITY PRIORIT PRIORI
DATESZ IT EV EV INST _D1 D2 _D3 D4 vis| W_D1 W_D2 W_D3 Oow_D4 Y_D1 _D2 Y_D3 TY_D4
10/06/2029 INST
00:23 1 ACQ 4 1 o) o] (o] o] MS MS MS MS 1 1 1 2
10/06/2029 INST
00:23 1 ACQ 4 1 o (o] [e] [e] MS MS MS MS 1 1 1 2
10/06/2029 INST Results
00:23 1 ACQ 2 1 [e] o [e] [e] MS MS MS MS 1 1 1 2
10/06/2029 INST
00:23 1 ACQ 2 1 [e) (o) MS MS CD CD 1 1
10/06/2029 INST
00:30 1 ACQ 102 _1 L L L L FD FD FD FD 1 3 1 1 . . - .
10062020 DOWNL Plpe.llne-of Mission
QLS8 2 OAD oam 1 Application data

Example of mission plan

| D i

1
When i Comeutin
av ailable i puting
1
Insfonce tobe
ex ecuted

Processing steps on satellite Added

g

inthe A 0
list to be L
ex ecuted = = Executed
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ONBOARD PLATFORM OVERVIEW

PLATFORM SERVICES (MONITORING, WORKFLOW, MISSIONS, ...)
ORCHESTRATION
RUNTIME

INFRASTRUCTURE INFRASTRUCTURE AS A SERVICE (STORAGE, NETWORKING, ...
SERVICES OPERATING SYSTEM

PLATFORM AS A
SERVICES

ON BOARD
PLATFORM

Distributed or Mono
— HW
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ONBOARD DISTRIBUTED PLATFORM

Hardware Diversity - Works
with single-node and multi-
node clusters

Scalability - Dynamic node : ETH
management (availability,
: :
reintegration). O EDGERW ]
MASTER NODE

Efficient Resource Usage -

Enables parallel execution
and optimal accelerator
assignment
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PLATFORM SERVICES (Workflow Manager,
Mission Manager, Communication manager,
Monitoring...)

———— ORCHESTRATOR AGENT
RUNTIME

(053]

CPU

WORKER NODE - Nvidia Jetson GPU
Xavier/Orin

——» ORCHESTRATOR AGENT

RUNTIME

CPU

WORKER NODE - SOC FPGA
{Versal/Uitrascale)

F———» ORCHESTRATOR AGENT
RUNTIME

CPU

WORKER NODE - ARM64 (LX2160)

ORCHESTRATOR AGENT

S

CPU

RUNTIME

WORKER NODE - MPPA (Kalray v2)  Kalray

ORCHIDE Distributed Setup
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PAAS - TECHNICAL ECOSYSTEM

SATELLITE AS A SERVICE PLATFORM

Services Platform

CotS
zoT % 1451 ARGO VECTOR
REGISTRY W ORKFALOW BY DATADOG
DISTRIBUTED
STORAGE
Specific Services
MISSION COMMUNICATION STORAGE
MANAGER MANAGER MANAGER

Orchestration
K3S

L
Q
>
x
LU
%)
<
)
<
=
o
(@)
L
=
<
-
o

Runtime Environments

’ﬁ
"‘ UKACCEL
urunc

:nntainerm

i
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PLATEFORM AS A SERVICES
LAYERS




PAAS - APPLICATION RUNTIME

Unikernels quick primer:

VM VM
. Package program and needed OS code (only)
together PP PP VM VM
. Resulting image is executed directly as hypervisor E S
| Kernel Jif Kernel |

guest

0S + Kernel

Hardware

Virtual Machines Linux Containers Unikernels

. Binary size: orders of magnitude smaller Technology stack comparison

. Performance: enables global code optimization
. Security: reduces attack surface

Chosen Framework: MirageOS & Unikratft
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PAAS - UNIKERNEL RUNTIME

:nntainerm
OClruntime for unikernels: ~
T delegate
KN FELRUNC
« Run unikernels as ifthey are containers ik

. Needs MirageOS and Unikraft compatibility jﬁiﬁ‘(emx sart
. Plugs into K8s and derivates N

Y v

Urunc:

. Compatible with MirageOS, Unikraft © Unikraft
« Runs over QEMU/KVM on x86_64 and aarch64 gl
« Support OCI images

. Open source runtime .‘?’

Pod

Network namespace

Launching unikernels
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PAAS - ACCELERATORS FROM UNIKERNELS

App

request

Emerging Hardware Capabilities for OnBoard Processing:

result
« Higher performance for heavy processing workloads request

Dispatcher
output
 Integrated in next-generation satellites plugin *

. . . invoke
« Containers require interfaces to access accelerators

« Unikernels currently lack this capability
run

Our platform Solution —ukAccel: ‘/res‘”‘

uvkaccel Architecture

. TCP interface to load blobs in accelerators
« Built in-house component
. Based on vAccel but doesn't require dynamic linking

S O e
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PAAS - CONTAINER ORCHESTRATION SOLUTION

K3s chosen as Cloud Native orchestration solution: Lightweight | Simple setup | Modular

|| KuboEdue | K3s | KOs | Microkss | Oakestra__
Automated install ----_
Federation support ----_
Unikernel Support ----_
Security Features ----_
Resource Tracking ----_
Resource Limit ----_

2 5 o’y
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PLATFORM SERVICES - ON ORCHESTRATOR NODE

COTS integration with mission critical functionalities
require glue code Mission Planner | | ‘fb_f;‘ | Storage Manager AP 2
On orchestrator node: commmnton | g itons < 201
manager Mission Storage \lr@

Managers are required to get inputs, outputs and transfer veesl e
data:
. Storage Manager: Keeps track of files Monitor Manager AP
. Monitor Manager: Aggregates and stores monitoring securly Hanager Vevr

fIIeS Monitor
. Security Manager: Ensures on-satellite security Manager

posture
. Mission Manager: Receives workflow schedules and

translates them to Argo Workflow while managing

inputs and outputs K3S

Platform components deployedon orchestratornode
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PLATFORM SERVICES - ON COMPUTE NODE

COTS integration with mission critical functionalities
require glue code

On compute node:

All'is managed through K3s and urunc, no glue code
required.

&

ooooooooo Funded by the European Union Views and of p jions  expre: d are however those f h uthor(s) only and do n mnecessanly reflect
thost

the European Union or the European Comi Neither t uropean Union n

Unikraft

Runtime

Application
d E M U Hypervisor

< ; urunc
Vector Monitoring

K3S

Orchestrator

Platform components on the computenode
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PAAS - SHARED STORAGE SOLUTION

Distributed processing requires a shared storage solution:

. POSIX FS required for interoperability.: EOS \

;o
Monitor Store log files
) ) x
. Store apps in Zot registry | Mareger
P—
Communication Remove files
i Manager
. Implements DB for file and app management sl I
) Manage unikernel
Mission images
. Monitors FS for discrepancies R i
3 Mount FS Mount FS E
s m
Compute Node
N7
- e

API

EOS
Orchestrator Node Storage Manager

ORCHIDE Storage Manager Architecture

%‘3 N| o
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PAAS - WORKFLOW MANAGEMENT

Priority Queue /

ST 5 I Custom Translation Layer

Workflow Manager \

Workflow D APl-wrapper : »
Structure
Trigger time \ K35 API /
Workflow Argo Workflows
Priority path \ API /

ORCHIDE Workflow Steps

. Implemented atranslation from Mission Plan to Argo workflow
. Argo Workflows are triggered and executed on node

. Glue code was implemented to handle inputs, outputs and task preemption based on priority
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PAAS - MONITORING

. Collected logs and metrics a ﬁ %
aggregated on host ’ AN ‘ AN ‘ AN

. Aggregated logs and metrics sent to
ground and deleted

« Once on ground logs ingested in
OpenSearch and metrics in

Logrotate
Prometheus
Main node
On-board
On-ground
Possible ground architecture
— 9 &
(
AP Client W/
% G
Grafana

£ ORCHIDE Monitoring Setu
8 H g€l

o's
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PAAS - END TO END DEMONSTRATION

DATESZ ORBIT EV DT_EV INST TYPE D1 TYPE D2 TYPE D3 TYPE D4 VISI WORKFLOW_D1 WORKFLOW D2 WORKFLOW_D3 WORKFLOW_D4 PRIORITY D1 PRIORITY_D2 PRIORITY_D3 PRIORITY_D4
10/06/2029 00:23 1 ACQ 4 INST_1 o (o} o o MS MS MS MS 1 1 1 2
10/06/2029 00:23 A, ACQ 4 INST_1 o o o o MS MS MS MS i, il il 2
10/06/2029 00:23 i, ACQ 2 INST_1 o o o o MS MS MS MS 1 1 1 2
10/06/2029 00:23 1 ACQ 2 INST_1 (o] o MS MS CD CD 1 1
10/06/2029 00:30 1 ACQ 102 INST_1 L L L L FD FD FD FD 1 =i 1 1

01.58 2 DOWNIOQAD 268 1

Phisical Storage
LA gpfs X
: Service step
Camera . Local filesystem Running in Unikraft Tee
quisition Stores files /
Mounts
_% filesystem
Mission Planner Storage Manager — Launches é E M U ukAccel
(qemu)
Loads
workflow
Defines Triggers
pipeline 99
| 1 v
K38 T
N QQ' Accelerator
a (GPU/FPGA)
urunc
Orchestrator node Compute node

té‘ E Fpd
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PAAS - END TO END DEMONSTRATION

- Store data* Phisical Storage
9pfs .
: Service step
Camera - Local filesystem Running in Unikraft Tep
Detects acquisition Stores files
Mounts
_% filesystem \
Mission Planner Storage Manager —] Launches é ukAccel
aunche EMU
Loads
workﬂow
Defines Triggers
|pel|ne o9
A 4
K3S
N Accelerator
(GPU/FPGA)
Orchestrator node Compute node
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PAAS - END TO END DEMONSTRATION

... -Store data- -| Phisical Storage
9pfs .
Detects acquisition Stores files
Mounts
' _% filesystem \
Mission Planner Storage Manager —] Launches é E M U ukAccel
(gemu)
workflow
\4
Defines Triggers
| pipeline o9
l > A 4
K3S
N Accelerator
(GPU/FPGA)
Orchestrator node Compute node

&
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PAAS - END TO END DEMONSTRATION

-Store data- +| Phisical Storage
9pfs .
: Service step
Camera - Local filesystem Running in Unikraft Tep
Detects acquisition Stores files
Mounts
_% filesystem \
Mission Planner Storage Manager —] Launches é ukAccel
aunche EMU
Loads
Triggers
| T ¥
K3S
N Accelerator
(GPU/FPGA)
Orchestrator node Compute node
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PAAS - END TO END DEMONSTRATION

-Store data- +| Phisical Storage
9pfs .
: Service step
Camera - Local filesystem Running in Unikraft Tep
Detects acquisition Stores files
Mounts
_% filesystem \
Mission Planner Storage Manager —] Launches é ukAccel
aunche EMU
Loads
workflow
Defines Triggers
| pipeline o9
A 4
K3S
N Accelerator
(GPU/FPGA)
Orchestrator node Compute node
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PAAS - END TO END DEMONSTRATION

Phisical Storage

- Store data- -
9pfs .
Camera Local filesystem Rufrﬁ':‘g‘:: ff:i‘;raﬁ TCP
Detects acquisition Stores files
Mounts
_% filesystem \
Mission Planner Storage Manager —] Launches é E M U ukAccel
(gemu)
Loads
workﬂow

Defines Tri
|Pellne riggers /
] Y
K3S T
N

urunc

Accelerator
(GPU/FPGA)

Orchestrator node
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PAAS - END TO END DEMONSTRATION

a7,

£2
-

KubeCon

Camera
Detects acquisition

Mission Planner

N

CloudNativeCon
Europe 2026

Loads
workﬂow

Defines
|pel|ne

Orchestrator node

- Store data" -

Phisical Storage

Stores files

|

Storage Manager

L —

K3s

Mounts
filesystem

Triggers

Local filesystem

Service step
Running in Unikraft

]rmj

A
Launches é ukAccel
aunche EMU
Y
Accelerator
(GPU/FPGA)

Compute node
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PAAS - END TO END DEMONSTRATION

a7,

£2
-

KubeCon

Camera
Detects acquisition

- Store data" -

Mission Planner

N

CloudNativeCon
Europe 2026

Loads
workﬂow

Defines
|pel|ne

Orchestrator node

Phisical Storage

Stores files

|

Storage Manager

L —

K3s

Mounts
filesystem

Triggers

Local filesystem

Launchi

(qemu

Service step
Running in Unikraft

e

Y

~

-TCP-

| @EMU

ukAccel

h 4

Accelerator
(GPU/FPGA)

Compute node
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PAAS - END TO END DEMONSTRATION

-Store data- +| Phisical Storage
9pfs .
] Service step -
Camera - Local filesystem Running in Unikraft Tep
Detects acquisition Stores files
Mounts ( \
_% filesystem \ v
Mission Planner Storage Manager —] Launches é ukAccel
aunche EMU
Loads
workﬂow
Defines Triggers
|pel|ne o9
A 4
K3S
N Accelerator
(GPU/FPGA)
Orchestrator node Compute node
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Follow Us!

The ORCHIDE projectwill be made available
to the community as an open-source project—
stay tuned and follow us to contribute to the
journey!

ORCHIDE project LinkedIn

8 X| w's
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Conclusion

Achievements

Designed a distributed
architecture for onboard
software platform

Addressedscheduling,
heterogeneous
computing, data exchange
=>TRL6

Fromedge computingina
singlesatellite > to
federated multi-satellite
systems.

Cross-satellite workload
distribution & inter-
satellite communication
protocols.

Unlocks new mission
capabilities and involves
new companies

Autonomous spacecraft

In-orbit servicing
Exploration missions
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THANKYOQOU'!

Q&A

Bringing Cloud-Native PaaS to Space: Onboard Edge Computing
for Satellites
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