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Preliminary Study on Literature-Based Classification of Space Missions
TSUNODA Takehiro™!, DEMURA Hirohide !, HASHIMOTO Yasuhiro ', OKUDAIRA Kyoko™'

ABSTRACT

This research explores methods to enhance the long-term value of space missions and projects, particularly
beyond their operational phases. Grounded in a review of existing literature, the study introduces a novel approach
to the missions by analyzing their publication histories, with a specific emphasis on the temporal pattern of
publications. This vectorization process is designed to quantify the influence and progression of space missions over
time. While the current research focuses on this temporal aspect, future work aims to incorporate a graph-based
citation network structure. This more complex model will examine the detailed interconnections among publications
through their citation links, potentially revealing deeper insights into the development and impact of space missions.
The present study, therefore, serves as a preliminary exploration, setting the stage for further advanced analyses that

will investigate the complex network of citations to understand the broader impact and evolution of space missions.
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1. Introduction This Research Future Work
The advancement of large-scale space development

projects, such as NASA's Apollo Program [,

Papers E

underscores the critical need for effective project
management. Recognized frameworks like the Project

Management Body of Knowledge (PMBOK) 2 have

Time

been developed to guide project initiation, management, o
4 Mission B Mission B

and completion. This research extends these discussions

Papers

by focusing on strategies for enhancing the long-term

value of space projects, even after their operational

phases have ended. . ‘\

Time

To measure a project's value, we propose a “ripple

Clustering of space missions

effect” metric, measured by both the number and
Y

interconnectedness of academic papers generated from

the inception of a project to the present. This study
represents a preliminary step for future work, which T ]

[3.4,5]

aims to identify and recommend untapped areas in

A B C D E F A B C D E F

space missions by clustering missions using a graph- Fig. 1. Clustering analysis of space missions
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based citation network structure.

Figure 1 delineates the progression from the current
study (on the left) to the anticipated future work (on the
right), illustrating our methodological evolution in
classifying space missions to pinpoint unexplored
opportunities within the field. The present research lays
the groundwork by clustering missions based on the
temporal sequence of their scholarly output. The initial
step, Step 1, presents a bar graph for each mission,
where the bars’ height represents the quantity of
published papers over time, segmented into phases from
the mission's start to the current period, each
distinguished by a unique color—black, blue, red, and
green—indicating distinct operational phases. The
subsequent step, Step 2, involves hierarchical clustering
to identify groups of similar missions based on their
publication patterns. Future work intends to augment
this approach by analyzing space missions through the
lens of their citation networks. This expanded analysis
will visualize the connections between publications,
denoted by color-coded periods akin to the first graph,
Step 1°. This addition will allow for the incorporation of
citation counts and nuanced paper characteristics into
the clustering process, thereby offering a more detailed
comparison between different missions’ influences.

This research has two primary goals: First, to define
a characterization vector for space missions based on
existing literature; and second, to classify space

missions for future identification.

Table 1. Mission names and associated research fields

Mission Field in Space Science
Name
Akaril”! Infrared astronomy
Akatsuki''®  Planetary atmosphere
HALCAI'!  Radio wave astronomy
Hayabusal'?!  Primitive asteroid sample return
Hiten!'¥! Orbit engineering
Kaguya[”] anar science, interplanetary
science
Sakigake Cometary science, interplanetary
/ Suisei™  science
Suzakul!®! X-ray astronomy
Tanpopol!7  Astrobiology
Yohkoh!!#! Solar science
2. Method

2.1. Data Source

This study focuses on selected space missions listed
in Table 1, chosen for their representative roles in
Japanese space science. These missions span a range of
research fields, including infrared astronomy, planetary
atmosphere, radio wave astronomy, primitive asteroid
sample return, orbit engineering, lunar science and
interplanetary science, cometary science and interplanetary
science, X-ray astronomy, astrobiology, and solar science.

We have compiled a literature dataset presented in
Table 2, sourced from the Astrophysics Data System
(ADS) ® IEEE Xplore® [ and ScienceDirect® [,
Papers were extracted from these databases by including
mission names in the title or the abstract. This selection

method indirectly considers the citation counts of initial

Table 2. Space Mission Dataset

DOI Title Year Journal Name Field
10,1016 dcarus 2022.115370  (orble studies and SELENE 5093 127 S
aguya) ...
10.1109/JDT.2010.2052452 Con\_zersm_n Method From 2010 Journal of Display E
Moving Pictures ... Technology
10.1038/nature08317 The - global distribution of o549 n e H

pure anorthosite ...
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result papers, thus facilitating the identification of
papers related to space missions. The dataset comprises
five key attributes: DOI and Title are used for
identifying individual papers; Publication Year
measures the timing of each publication; and Journal
Name and Journal Field are employed for classifying
the papers; The Journal Field is categorized into two
primary fields and one cross-field based on Journal
Name. Two primary fields are ‘Engineering,” which
predominantly publishes papers related to engineering,
and ‘Scientific,” which focuses on papers from various
scientific disciplines. However, this classification
encounters difficulty when categorizing journals that
publish papers in both engineering and scientific fields,
such as ‘Nature’ and ‘Science.’ To address this issue, we
introduce the ‘High Impact Factor’ class, as these
journals typically exhibit higher impact factors
compared to other journals. These categories are
combined with Journal Names to address the issue of

sparse data distribution.

2.2. Visualizing Space Mission Features

This research categorizes each mission into distinct
phases. Phase 0 extends from the start of the mission to
the satellite launch. Phase 1 spans from the satellite
launch to the timing of initial reports plus an additional
two years. Phase 2 starts from this point and lasts for the
same duration as Phase 1. Subsequent phases are
defined in the same manner.

These phases, along with three categories—High
Impact Factor, Engineering, and Scientific—are
visualized in bar plots, as exemplified by the HALCA

mission shown in Fig. 2. The horizontal axis represents

the summation of all phases as well as individual phases.

The vertical axis displays the ratio of papers published
in all phases and the percentage of the total number of
papers in each phase. Dotted lines indicate the end of
operations, while solid lines represent the current time.

Bars are colored green, red, and blue to indicate High
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Fig. 2. Visualization of HALCA
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Fig. 3. Visualization of Hayabusa

Impact Factor, Engineering, and Scientific categories,

respectively.

2.3. Definition of Space Mission Vector

In this section, we introduce a methodology to
represent space missions as vectors based on their
scholarly output, which serves as an initial phase
towards adopting a graph-based citation network for
more complex clustering analyses in the future.

Our method categorizes space missions based on the
timing of their research outputs. The first category
bulk of their
publications between the launch (Phase 0) and up to

includes missions that have the
Phase 2, indicative of early output. The second category

consists of missions that continue to generate significant
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Table 3. Space Mission Vector

-2 1
Mission n22(% P2+ 205> PU-D2 01 ALH | AILE |ALS|| P03.H | P03 E |P03_S
Name = =
Akari 1 1 1 0.0742 [0.00606 [0.92 |-]0.0106 [0.00152 [0.185
Akatsuki || 1 1 1 0161 [0.119 [0.72 |-{0.0424 |0.0593 |0.195
HALCA | o 0 0 0167 |0.0476 |0.786 [ {0 0 0.0238
Hayabusa | 1 1 1 0.296 [0.0788 [0.626 |-10.0394 |0 0.217
Hiten 1 1 1 0625 |0 0.375 [-]0.0312 |0 0.0625
Kaguya | 0 1 1 0248 [0.0254 [0.727 |-{0.0212 [0.00212 |0.127
Sakigake/
0 1 0 0.0769 [0.135  |0.788 |--|0 0 0.0192
Suisei
Suzaku | 1 1 1 0.0336 |0.00468 [0.962 |--{0.00781 [0.000781 |0.23
Tanpopo 0 0 0.217 |0 0.783 |--|0 0 0
Yohkoh | 1 1 0 0.0249 [0.00277 [0.972 |--|0.00461 |0 0.291

research outputs well into Phase 3 and beyond,
suggesting a late surge in scholarly interest. For our
analysis, we consider the 'active lifetime' of a mission to
typically conclude around Phase 2, the point by which
primary objectives are often achieved, while also
acknowledging that publications can continue to accrue
long after.

The 'space mission vector' contains 18 elements that
quantitatively capture various aspects of a mission's
publication record. The initial three elements assess the
temporal distribution of publications, represented as

binary (0 or 1) values based on observed patterns:

e Full bloom (n = 2): This indicates whether the
mission’s peak publishing activity occurs no earlier
than phase 2. It is set to 1 if the peak is in phase 2 or
beyond.

e Long bloom (Y!Z3P(2+i) > 0.5): This checks
whether over half of the mission's publications are
released from phase 2 onwards. A 1 is assigned if this
criterion is met.

* Late bloom (3}_, P(l — i) = 0.1): This determines
if the final phases account for more than 10% of the
total publications. A 1 is assigned for a significant

late-stage output.

Here, 'n' denotes the phase with the highest publication
count (peak phase), /' the latest phase, and 'P(i)' the
number of publications in phase '7'.

The remaining 15 elements of the vector provide a
phase-by-phase ratio of publication types, capturing the
impact and focus of the research output across High

Impact Factor, Engineering, and Scientific categories:

e All H/ All E / All_S: These elements reflect the
overall ratio of High Impact Factor, Engineering,
and Scientific publications across all phases.

e P00_H/P00_E/P00_StoP03 H/P03 E/P03_S:
Each set of these elements corresponds to the ratios
within specific phases, from the launch (phase 0) up
to phase 3.

This detailed vectorization allows for the comparison
and assessment of missions with varied durations and
research outputs, such as Sakigake/Suisei's extensive
14-phase timeline versus Tanpopo's shorter 2-phase

lifecycle.

3. Results
3.1. Identification of Space Mission Types

This study identifies two primary types of space

missions based on the distribution of academic papers
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published at different phases of the mission lifecycle.

These are:

Short-Run Type (SR): Missions like HALCA show a
high paper output ratio during Phase 0 and Phase 1 (see
Fig. 2).

Long-Run Type (LR): Missions like Hayabusa exhibit
a high paper output ratio from Phase 2 onward (see Fig.

3).

3.2. Hierarchical Clustering Results

Figures 4 and 5 display the outcomes of a hierarchical
clustering analysis. We applied the Ward method and
Euclidean distance metrics to analyze space mission
vectors, which encompassed data on the bar graph’s
shape and publication ratios for each phase. The
clustering analysis successfully separates LR missions

from SR missions at a distance of 1.7.

4. Discussion

This study discovered two types of space missions:
SR and LR types. These categories are based on the
timing of academic publications related to the missions.
SR missions are those that generate most of their papers
before the initial report is published, while LR missions
do so afterward.

We use these classifications to categorize missions
into three distinct patterns: Full Bloom, Long Bloom,
and Late Bloom, as shown in Table 3’s initial three
elements. A mission with more zeros in its vector
indicates an SR tendency, while more ones suggest an
LR tendency. The subsequent 15 elements depict the
ratio of papers published during all phases, along with a
percentage breakdown from Phase 0 to Phase 3.

Figure 4 and 5 indicate future work focused on
identifying and recommending untapped areas within
the realm of space missions. For example, in Figure 4,

Akari, Suzaku, and Yohkoh are classified as LR type
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Fig. 4. Hierarchical Clustering of Space Mission Vector

with a distance of 1.7. However, within each cluster,
both Akari and Suzaku have a cluster distance of 0.2,
indicating their higher similarity compared to Yohkoh
within the same cluster. This research introduces a
method of target comparison through hierarchical
clustering. In our future work, we will define graph-
based citation network structures and employ
hierarchical clustering to achieve more detailed mission

classification.

5. Conclusion

In conclusion, this study has successfully met its two
primary objectives. First, based on existing literature,
we have defined a characterization vector for space
missions. This vector serves as a multidimensional
representation that encapsulates the diverse impacts of
various missions, offering valuable insights into their
strengths and weaknesses.

Second, we have applied this characterization vector
to classify space missions. Our classification framework
employs Short and Long-Run categories to account for
the timing and volume of academic publications
generated by these missions. This has revealed the
of evaluating missions through

process Space

vectorization. It has also enabled us to lay the
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Fig. 5. Result of hierarchical clustering
foundation for evaluating space missions using citation and broader societal impacts. This multi-faceted
network structures in future research. approach is expected to yield a robust framework for
This study represents a step toward understanding assessing and understanding the full spectrum of

how to measure and enhance the long-term value of influences on development of space missions.

space missions. It also provides a foundation for
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developing recommendation systems that have the
potential to inform decision-making in space research
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