Journal of Space Science and Technology

Journal of Space Science and Technology

Vol. 17, No. 2, pp. 29-40, 2024

https://doi.org/10.22034/jsst.2024.1472
Journal Homepage: https://www.jsstpub.com

P-1SSN: 2008-4560
E-ISSN: 2423-4516

Original Research Paper

Identification and Prioritization of Satellite Electrical Power
Subsystem Technologies for National Development Based on Multiple

Reza Amjadifard®

Criteria Decision-Making

, Ehsan Mousivand, Farhad Bagheroskuei, Shahab Karbasian, and

Ehsan Kosari

Satellite Research Institute, Iranian Space Research Center, Tehran, Iran

ARTICLE INFO

ABSTRACT

Article History:

Received 09 January 2024
Revised 02 April 2024
Accepted 9 April 2024
Available Online 9 April 2024

Keywords:

Electrical power subsystem
Space technologies
Prioritization

Multiple decision making
Simple additive weighting

The prioritization and validation of emerging space technologies involve a
multi-step, iterative process that necessitates the integration of collective
intelligence from all stakeholders alongside analytical methods to identify
requirements. This process begins with identifying specialists with sufficient
knowledge and experience regarding each technology, extracting and
evaluating essential data, prioritizing technology options, identifying
challenging technologies, determining essential acquisition strategies, and
finally, prioritizing these technologies. This article presents a method to
identify and prioritize certain space technologies suitable for a satellite's
electrical power subsystem (EPS). Based on the results, it is possible to
determine the most effective method to acquire the necessary technology
through national development or by leveraging existing technologies
available in the market. The power subsystem components are categorized
into three groups to evaluate the proposed method: electrical power
generation sources, energy storage sources, and power electronic circuits.
The results indicate that among all studied technologies, GaAs solar cells,
lithium-ion batteries, and electronic circuits constructed with military and
industrial components should be prioritized for national development.
Additionally, the proposed method demonstrates that the selected
technologies are those recently employed in space applications. This
methodology can also be extended to other subsystems.
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7. Multi-Attribute Decision Making Models (MADM)
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1. Decision Support Systems

2. Information Systems

3. Intelligent Systems

4. Multiple Decision-Making Techniques (MDMT)
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Table 1. MCDA methods comparison.

Method TOPSIS [6] AHP [6] SAW [10]
Normalization Vf(;:(t)?gl(csgjlﬁre Vector (sum Vector (sum
Type - normalization) | normalization)
normalization)
Selection Selection Selection
. problems, . problems,
Suitable for rankin problems, ranking rankin
9 problems 9
problems problems
Weighted Pairwise Pairwise
Inout coefficients of comparison ona comparison on
P ideal and non- Paris alto9ratio
; . to 9 ratio scale
ideal options scale
Complete
ranking with the
score close to Complete rankin Complete
Output the ideal state W‘i)th SCores 9 ranking with
and distance scores
from the non-
ideal state.
Qualitative/Qua - e
Approach ntitative Qualitative Quantitative
Variable
Ranking Scale Otol Otol diﬁgr&ggoim
problem
Best . . .
Alternative Highest value Highest value Highest value
Consistency -
Levels No restriction 9 Less than 0.1
6. Vikor

7. Complex Proportional Assessment (COPRAS)

8. Preference Ranking Organization Method for the Enrichment of
Evaluations (PROMETHEE)

9. Elimination and Choice Translating Reality (ELECTRE)

10. Weighted Product Method
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1. Simple Additive Weighting (SAW)

2. Simple Multi Attribute Rating Technique (SMART)

3. Analytic Hierarchy Process (AHP)

4.Technique for Order Preference by Similarity to Ideal Solutions
(TOPSIS)

5. Multi-Objctive Optimization on the Basis of Ratio Analysis
(MOORA)
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Identify expert members
in the subsystem

Extract technological
indicators in the subsystems
under review

Determain technological Identify evaluation
evaluation indicators

analysis

Weighting | Gathering data: pairwise
comparison made by

experts

the evaluation
indicators

A

Send the questionnaire to
<+ wor:ég?egﬂr]c;ugvr;}ﬁ?“b:rzs 10 4= of each indicator in the
indicators

methods for problem
determine the weight Prepare a questionnaire
for members to score

evaluation method each indicator

Unacceptable- response was given for a large
number of technologies based on reliability data

Determine the inconsistency
rate for each member's
scoring to adjust the weight
of individual indicators

Re-send the questionnaire to
the experts for re-evaluation of
identified technologies

Evaluation
based on
Cronbach's
Alpha

Modification of
expert scores

Calculate the final
technology score
based on expert
evaluations

Determining the

experts working
aera

S31D0]0UY08)
108100 [eul)
alp Bunejnojea
10 $53001d

flnalwelghtofthe ¢ adjustment amount -

Acceptable - proceed and approve
responses based on confidence in the data

Extracting the Determining the

4= Weighted Score of
technology

Determining the
initial expert

of the expert N
5 coefficient

coefficient

Determine technology priorities
using the final scores

Fig. 1. The prioritizing flowchart for satellite EPS technologies.
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Table 3. Registration form for experts working aera.

- - General

Specialized General Specialized -
NELTE Fields Fields Field Score g'eld
core

Energy

Expert 2 Conversion and sub/sMsItem 15 0.75

P Distribution, com )éments ' '

Space Radiation P
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Table 2. EPS technologies.

Technology Name
Silicon Panel
Gallium Arsenide Panel
Panel with Concentrator
Panel with Reflector
RTG (Radioisotope Thermoelectric
Generator)

Tether
Nickel-Cadmium Battery
Nickel-Hydrogen Battery

Lithium-lon Battery
Advanced Lithium Battery
Supercapacitor
COTS (Commercial Off-The-Shelf)
MIL (Military-grade)
Space/RadHard (Radiation-
Hardened for Space)

Si (Silicon)

SiC (Silicon Carbide)

GaN (Gallium Nitride)

Section

Energy
Generation

Energy Storage

Type of
Components

Component
Technology
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Table 7. Computing WSM (Weighted Sum Model).
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Table 4. Definition of criteria.
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Table 8. Consistency index based on WSM.

condorer | | [ | v
5.525 0.170 0.941
5.066 - | 0.072 / 0.363
5.494 0.239 1.311
5.261 0.065 0.341
5.205 0.454 2.364

A S cul Lg)lf)lm )b)_j )‘oL& Jc.wy.o Ml}u Py ralf
1= 5.525+5.066 + 5.494 + 5.526 + 5.205
= = =
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WSM W cs5 |lcal c3 | c2| c1 Criteria Definition
C1 Alignment with strategic satellites

0.941 0.170 033] 5 033 3 1 C2 Technology maturity timeline
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Table 5. Scale values for criteria.

Preferences (Verbal Judgment) II rr:sgﬂz]gz
Fully preferred or much more important 9
Strong preference or importance 7
Moderate preference or importance 5
Slight preference or importance 3
Equal preference or importance 1
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Table 6. Weight of criteria based on comparison matrix.

Criteria | c1 | c2| c3 | cal| cs V\é‘\*,'\;")ht
c1 1 | 3 0333 5 [0333] 0170
c2 |o0333] 1 [033] 1 | 02 | o7
c3 3 | 3| 1 | 3 |0333] 023
ca 02 | 1 0333 1 | 02 [ 0065
C5 3 | 5| 3 | 5] 1 | 04sa

Total |7533| 13| 5 | 15 | 2066 | 1
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1. Weighted Sum Vector
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Table 9. The template for gathering score of technologies.

Technology Evaluation Criteria

Technical

Application, L .
Compliance| Duration of of Acquisition 9

— cost based on| associated
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2. Cronbach’s Alpha 1. Consistency Ratio (CR)
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Fig. 2. Rank of electrical power source technologies.
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Fig. 3. Rank of electrical power storage technologies.
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Fig. 4. Rank of electronic components technologies.
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1. Profit
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Fig. 5. Rank of electronic components type.
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Table 10. Final score of EPS technologies.

Technology Name Final Score O
Type
Lithium-lon Battery 3.66 High
Silicon Components 3.34 High
Military Components 3.15 High
TJ-GaAs Panel 2.98 High
COTS Components 2.93 High
Advanced Lithium- .
lon Battery 28 High
SiC Components 2.50 High
Rad-Hard 2.50 Medium
Components
Silicon Panel 2.45 Medium
GaN Components 2.30 Medium
Nickel-Cadmium 214 Medium
Battery
Solar Panel with 206 Medium
Reflector
Nickel-Hydrogen 156 Medium
Battery
Solar Panel with 141 Low
Concentrator
Supercapacitor 1.15 Low
Tether 0.17 Low
RTG -0.42 Low
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