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1.   Introduction

Space development has been accelerating, and the 
number of satellites—particularly those for Earth 
observation and communications—continues to 
increase dramatically. Satellites are equipped not 
only with advanced sensors for Earth observation, 
communication terminals, and solar panels but also 
onboard computers used for functions such as satel-
lite control and communications. Specialized embed-
ded computers with radiation resistance have been 
developed and installed specifically for space use. 
However, it has recently become common to adapt 
commercial off-the-shelf computers with radiation 
protection measures for use in space. Thus, onboard 
computers are now being used for a wider range of 
applications. In particular, Earth observation satel-
lites equipped with high-resolution sensors are 
expected to use onboard computers for tasks such as 
data compression and advanced analysis using artifi-
cial intelligence (AI).

Low Earth orbit (LEO) satellites—which are com-
monly used for Earth observation—are becoming 
smaller and have limited power supply, resulting in 
constraints on computational capacity and processing 

time. Therefore, conducting advanced AI analysis 
using high-precision AI models such as vision and 
language models running on satellites—which are 
sometimes called an ultimate edge environment—is 
not straightforward. Similarly, conducting compara-
tive analysis onboard using data captured with other 
observation satellites or metadata obtained from the 
ground also presents significant challenges.

2.   Toward a space datacenter business

Space Compass—a joint company between NTT 
and SKY Perfect JSAT—aims to launch a space data-
center business using geostationary orbit (GEO) sat-
ellites and is taking on the challenge of building a 
new infrastructure [1].

Compared with LEO satellites, GEO satellites are 
expected to offer rich power and computing resourc-
es. They can provide data storage for preserving 
observation data and enable high-capacity, quasi-
real-time data transmission between LEO satellites 
and ground stations.

By uploading observation data from multiple LEO 
satellites to a GEO satellite for aggregation and con-
ducting comparative analysis with past archives 
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saved at the GEO data storage, GEO satellites are 
expected to achieve more advanced analysis of Earth 
observation data.

California Institute of Technology/Jet Propulsion 
Laboratory held a workshop in 2019, where they pro-
posed the concept Nebulae, which envisions the para-
digm shift from traditional space missions aimed at 
individual scientific goals to an infrastructure-based 
approach that provides computing, data storage, net-
working, and cloud services to enable efficient and 
sustainable services [2]. Efforts to build infrastruc-
tures in space are accelerating worldwide, spanning 
both public and private sectors, particularly in the 
context of defense applications [3]. The NTT Group 
is also working toward building a sustainable society 
by integrating terrestrial and non-terrestrial infra-
structure through space-integrated computing [1].

Space Compass plans to launch multiple GEO sat-
ellites and begin its space datacenter business. By 
deploying three or more GEO satellites, it will 
become possible to offer constant connectivity with 
most LEO satellites and ground stations. This space 
datacenter business consists of two main compo-
nents: optical data relay and space edge computing. 
Optical data relay is a high-speed network service 
that connects LEO satellites, which orbit the Earth 
every 90 minutes and cannot keep constant connec-
tion with ground stations, with ground stations via 
GEO satellites using optical communication. This 

enables secure and real-time utilization of satellite 
data. However, since observation data tends to be 
large in size, an increase in the volume of such data 
can cause the communication link between GEO sat-
ellites and ground stations to become a bottleneck, 
potentially delaying data analysis on the ground. To 
address this, space edge computing, which leverages 
onboard computing resources on GEO satellites, can 
be used to analyze observation data in orbit. By 
selecting only the most important data for download 
to the ground, this approach is expected to reduce the 
volume of data that needs to be transmitted and 
enhance the real-time analysis of critical information 
[4].

GEO satellites that can offer constant connectivity 
with observation satellites (typically LEO satellites) 
are also ideal as data hubs for observation satellites. 
Figure 1 illustrates three representative use cases 
using space datacenters.

2.1   �Use case #1: Storage service for observation 
satellites

Observation satellites are becoming smaller, mak-
ing it difficult to provide sufficient onboard storage 
capacity. By using a space datacenter as constantly 
accessible storage, it becomes possible to create 
backups and share data between satellites.

Fig. 1.   Representative use cases using space datacenters.
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2.2   �Use case #2: Command execution without 
ground communication

By analyzing data and making AI-based decisions 
directly on the space datacenter, it becomes possible 
to issue commands to other satellites without involv-
ing ground stations or human intervention. For 
example, if an anomaly is detected in the data cap-
tured with an observation satellite, the system could 
automatically instruct another satellite with higher-
performance sensors to image the same location, 
allowing for a more detailed analysis to be completed 
entirely in space.

2.3   �Use case #3: Data integration with other satel-
lites and ground-based data

By uploading observation data to a single space 
datacenter and fusing data from different types of 
sensors, such as optical, synthetic aperture radar 
(SAR) [5], and hyperspectral, it becomes possible to 
analyze the same location from various perspectives. 
This enables tasks, such as supplementing optical 
data with SAR data, to visualize what cannot be seen 
optically [5]. Detecting differences between archived 
data and recent snapshots can help identify anomalies 
or narrow down areas requiring further analysis.

By registering observation data with ground-based 
data, such as maps or an automatic identification sys-
tem (AIS) for ships, more advanced analysis becomes 
possible.

The common idea behind these use cases is the 
reduction in communication cost and latency to the 
ground by using an orbital space datacenter to com-
press the large data from observation satellites and 
discard unnecessary data, which is further accelerat-
ed using optical data relay services. At the NTT Soft-
ware Innovation Center, research and development 
(R&D) has been conducted on foundational technolo-
gies for space datacenters, including event-driven AI 
technology [4, 5], optimization techniques for devel-
oping AI-inference-based applications on onboard 
computers in orbit [6], and lightweight change detec-
tion technologies [7].

3.   Event-driven AI inference technology

Figure 2 shows an example data processing pipe-
line of event-driven AI inference applied to SAR 
data. Modern SAR sensors have high resolving abil-
ity and enable us to produce high-definition images, 
resulting in extremely large data sizes—even after 

Fig. 2.   Two-phase AI inference for onboard SAR data processing.
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imaging and compression, a single file can exceed 
several hundred megabytes. Since downloading all 
SAR data captured with fast-orbiting LEO satellites 
to the ground is both costly and time-consuming, a 
two-phase inference approach is used: the onboard 
computer executes a first round of coarse inference, 
and only the data deemed to require more detailed 
analysis are downloaded for a second round of infer-
ence on the ground. In our experiment, we used a 
relatively lightweight object detection model as the 
first-phase AI model. For the onboard computing 
platform, we conducted validation using the Unibap 
ix10, which has a strong track record in LEO satellite 
deployments, and the Intel Myriad X vision process-
ing unit (VPU) [6] as the AI chip. While the results 
depend on how frequently the target objects appear, 
experiments using a publicly available ship dataset 
[8] showed that on-orbit data volume was reduced by 
58.7 to 80% [5]. Using the VPU significantly reduced 
both power consumption and execution time com-
pared with the central processing unit, confirming 
that AI analysis is feasible on satellite onboard com-
puters. We also developed a ship detection applica-
tion that runs on the ix10 and demonstrated it at 
events such as NTT R&D Forum 2024 (Fig. 3).

4.   Lightweight change detection technology

The idea of event-driven AI cannot be applied 
unless we know what kind of event will happen 
beforehand. One method to overcome this limitation 
is change detection, which identifies differences from 
past data and focuses processing only on the areas 
where changes have occurred. By executing change 
detection, it becomes possible to store only the 
changed regions—reducing data volume—and to 
limit the processing scope, thereby lowering compu-
tational costs. As shown in Fig. 4, the task is defined 
to output a change map indicating the changed loca-
tions between two input images. Change detection 
has been studied for many years in research commu-
nities, and numerous methods have been proposed. 
We developed a model for lightweight change detec-
tion on satellite onboard computers [7]. This model 
enhances existing Transformer-based change detec-
tion algorithms through two improvements: early 
exit, and lightweight decoders. Early exit is an idea in 
which, if the neural network is confident in its predic-
tion for the input data, it can output results before 
reaching the final layer, thus saving computation. In 
our case, early exit was added and trained on the basis 
of metric-learning approaches. 
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Fig. 3.   Ship detection demo running on a space-grade onboard computer.
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5.   Conclusion

We introduced three envisioned use cases for a 
space datacenter using GEO satellites along with two 
key technologies that enable these use cases and con-
tribute to reducing communication volume with the 
ground and improving the real-time performance of 
data analysis: event-driven AI inference for SAR data 
and lightweight change detection technology. The 
NTT Software Innovation Center will continue 
research, development, and testing toward on-orbit 
demonstrations with LEO satellites while advancing 
R&D toward distributed space computing for satellite 
constellations evolving from standalone onboard 
computers.
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