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5.2%-37.6% improvement

We embrace OEC (Orbit Edge Computing), which is emerging as a

solution to imbalanced data-bandwidth growth.
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SpaceExit is an integrated system that enables efficient adaptive Earth =z~
observation on satellites via algorithm-system co-design.

SpaceExit tackles OEC challenges: multi-scale geospatial adaptation,
cross-device scheduling & dynamic onboard constraints.

SpaceExit enhances Earth observation constellations' data delivery
capacity, strengthening their role as platforms for diverse applications.
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Researchers Pursued Diverse Approaches in Related Fields
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Process imagery with varying complexity: GCAD
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3. Workflow & Evaluation

@BemPipe B 5paceOnly 8 TargetFuse[1] BKodan[2] o SpaceExit

Normalized Goodput

100Mbps. S0Mbps 10Mbps 100Mbps S0Mbps 10Mbps 100Mbps S0Mbps 10Mbps
HW Set-1 HW Set-2 HW Set-3

5.2%-37.6% improvement




Complexity-Driven Adaptive Geospatial-Contextual -
Task Scheduler (CATS) Dynamic Detector (GCAD) Input: Remote Sensing Flow
;.Inp:'e.t: Remote Ser{‘sing,Flow v i
- o SpacekExit Inference Model — : :
Complexity-aware Image Tiling Semantic Context& 9\ Threshold Partlthn Images INto TIIeS
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Schedule Tasks across Hetero-Device,t

Satellite Resource l 1‘ \
Dynamics Controller (SRAC)

Heterogeneous-Device Scheduling

Manage Runtime Resource

Hardware Level Energy Allocation }

Hardware Detector System Level Runtime Adaption Process Tiles with Different Complexity/

Resources Processes i

Output: Detection Result

Output: Detection Result
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SpaceExit: Detalled Working Steps

Complexity-Driven Adaptive Geospatial-Contextual -
Task Scheduler (CATS) Dynamic Detector (GCAD) Input: Remote Sensing Flow
" Input: Remote Sensing Flow i
- = SpaceExit Inference Model == — : :
Complexity-aware Image Tiling Semantic Context& 9\ Threshold Partlthn ImageS |nt0 TIIeS
E. Geospatial-aware Dynamic Controller i

: : Schedule Tasks across Hetero-Device,t
Heterogeneous-Device Scheduling

Satellite Resource l 1‘ \
Dynamics Controller (SRAC)

Manage Runtime Resource

Hardware Level Energy Allocation

Hardware Detector System Level Runtime Adaption Process Tiles with Different Complexity/
Resources Processes

!

Output: Detection Result

Output: Detection Result <
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Experiment: Setup

Dataset, Baseline and Configurations in Experiment

DOTA Satellite dataset for object detection Configl Jetson Xavier NX+ Jetson Nano  100Mbps

BentPipeltl Traditional ground-centric approach Config3 Jetson Nanox 2 100Mbps
SpaceOnlytt! Performs all computations onboard _ :
Configd Jetson Xavier NX+ Jetson Nano 10Mbps
Kodan[?! L everages specialized models selected
based on prior knowledge Config5 Jetson Xavier NXx2 10Mbps

TargetFusel®! Combines adaptive tiling, object clustering,

and bandwidth schedulin Config6 Jetson Nanox2 10Mbps

SpaceExit is Evaluated in Various Configurations

[1] Bradley Denby et al. ASPLOS, 2020 [2] Bradley Denby et al. ASPLOS, 2023. [3] Qiyang Zhang et al. INFOCOM, 2024. 52
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Comparative Evaluation of Goodput: SpaceExit and Baselines

O BentPipe O SpaceOnly B TargetFuse B Kodan B SpaceExit

O =
0 N

O O !
N b

Normalized Goodput
o
(@))

ol

Configl Config2 Config3 Config4 Configs Configb

o

SpaceExit Improves Goodput(5.2%~37.6%) in All Configuration
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Comparative Evaluation of Goodput: SpaceExit and Baselines

O BentPipe O SpaceOnly B TargetFuse B Kodan B SpaceExit

—
PN

© O
o

o o
N b

Normalized Goodput

il ol

Configl Config2 Config3 Config4 Configs Configb

o

SpaceExit Improves Goodput(5.2%~37.6%) in All Configuration
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MAP Comparison: Static Methods vs. GCAD

GCAD

MAP@.5 mAP@.5:.95 mMAP@.5 mAP@.5:.95

Plane 0.911
Ship 0.866
ST 0.732
Harbor  0.815
LV 0.800

MEAN  0.635

0.643
0.577
0.427
0.440
0.559

0.394

0.918
0.872
0.764
0.836
0.814

0.640

0.666
0.598
0.464
0.460
0.583

0.404

o)
o

mMAP@.5:.95 (%)
I
o

m—— Harbor LV s R A MEAN

2.0 2.5 3.0 3.5
Computational Budget (GFLOPS)

GCAD Outperforms Static Methods & Supports Flexible Compute

95




) Content

4. Conclusion

We embrace OEC (Orbit Edge Computing), which is emergingasa 1’ } @

solution to imbalanced data-bandwidth growth.

SpaceExitis an integrated system that enables efficient adaptive Earth -
observation on satellites via algorithm-system co-design.

SpaceExit tackles OEC challenges: multi-scale geospatial adaptation,

cross-device scheduling & dynamic onboard constraints.

SpaceExit enhances Earth observation constellations' data delivery
capacity, strengthening their role as platforms for diverse applications. = i - —f




SpaceExit is an integrated system that enables efficient adaptive Earth sz

observation on satellites via algorithm-system co-design. —|

o o o . [ Heterogencous Device scheduiing | Wﬂ";:ﬂ':zm;m
SpaceExit tackles OEC challenges: multi-scale geospatial adaptation, o T
cross-device scheduling & dynamic onboard constraints. - E—

Output: Detection Result

Our evaluations across diverse satellite settings demonstrate that
SpaceExit significantly outperforms existing methods.

SpaceExit enhances Earth observation constellations' data delivery
capacity, strengthening their role as platforms for diverse applications.

Avallable on Github: https://github.com/zhuxz0299/ATC-artifact-submission
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Thank You! Q & A

SpaceExit: Enabling Efficient Adaptive Computing Iin
Space with Early Exits

Discussion: Dr. Jiacheng Liu, liujlacheng@ieee.org
Xiaozhi Zhu (presenter), zhuxiaozhi@sjtu.edu.cn
Dr. Xiaofeng Hou, hou-xf@cs.sjtu.edu. CN~ H
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