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ABSTRACT

For decades, the spreadsheet has been the indispensable tool of the space
telecommunications engineer. While powerful, its use in mission-critical link budget analysis for
space operations presents significant, often hidden, risks. Issues of version control, data
integrity, collaboration, and maintainability can compromise the accuracy of calculations that
are fundamental to mission success. This paper explores these risks and presents the Arpsoft's
Link Budget Tool (LBT) as the modern, validated, and centralized solution. By shifting from a
fragmented, file-based approach to a collaborative, database-driven platform, space missions
can eliminate spreadsheet-associated risks, enforce configuration control, and achieve a new
level of operational certainty.

1. INTRODUCTION: THE NECESSARY EVIL OF THE LINK BUDGET SPREADSHEET

The link budget is the cornerstone of any successful space mission. It is the detailed accounting
of all gains and losses in a communication link, ensuring that commands can be reliably sent to

a spacecraft and that valuable science and telemetry data can be returned.

Historically, this critical analysis has been performed using complex spreadsheets, most notably
the venerable Link Design and Control Table (LDCT). This approach was a logical starting point,
offering flexibility and direct control to the engineer. However, as missions grew in complexity,
data rates increased, and operational teams became more distributed, the limitations and
dangers of the spreadsheet model became starkly apparent.

What was once a simple calculation tool has, in many cases, become a source of significant
operational risk. The potential for a single formula error, a corrupted file, or the use of an
outdated version can have cascading consequences, jeopardizing mission milestones and even

the safety of the asset. The time has come for a paradigm shift.
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1.1. THE HIDDEN RISKS OF SPREADSHEET-BASED LINK ANALYSIS

The risks associated with relying on spreadsheets for mission-critical calculations are not
merely theoretical. They are practical, persistent challenges that engineering teams face daily.

o No Single Source of Truth: The most significant issue is the proliferation of file versions.

When a spreadsheet is distributed via email, multiple versions inevitably emerge.
LDCT MissionX v2.1 final.xlsx, LDCT MissionX v2.2 Johns edits.xlsx,
LDCT MissionX v3.0 FINAL use this one.xlsx.

This chaos makes it nearly impossible to determine which file contains the authoritative,
up-to-date parameters. Decisions may be based on outdated information, leading to

incorrect link margin assessments.

o Lack of Configuration Control and Auditability: Spreadsheets have no intrinsic access
control. Any user with file access can alter any cell, from a fundamental antenna gain
parameter to a complex formula. There is no audit trail to track who made a change,
when it was made, or why. This lack of governance is untenable for a process that
demands the highest level of rigor.

o Barriers to Collaboration: True collaboration is impossible in a spreadsheet
environment. Engineers must work sequentially, emailing files back and forth. This slows
down the design and analysis process and stifles concurrent work. The risk of overwriting

a colleague's contributions is ever-present.

o Fragility and Poor Maintainability: The complex models required for link analysis are
often implemented with intricate Visual Basic for Applications (VBA) macros. These can
be difficult to maintain, debug, and validate. Furthermore, the logic is opaque to all but
the original author, creating a dangerous "key person dependency” and making
knowledge transfer extremely difficult.
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2. A NEw PARADIGM: THE LINK BUDGET TooL (LBT)

Recognizing these profound limitations, the European Space Agency (ESA) initiated the Link
Budget Tool Evolution project. The goal was to transition from the fragile, Excel-based LDCT to
a robust, centralized, and collaborative web application—the LBT.

The LBT is not merely a "spreadsheet on the web." It is a complete re-imagining of the link
budget workflow, built on a modern software architecture designed for the demands of 21Ist-

century space operations.

Deployed as a web application on redundant virtual machines, the LBT provides all authorized
users with access to the same tool, the same underlying models, and the same centralized
database, regardless of their physical location. This immediately eliminates the primary risk of
spreadsheet proliferation and ensures the entire team is synchronized.

2.1. THE CORE PILLARS OF A MODERN APPROACH

The LBT establishes operational certainty through three foundational pillars that directly
counteract the weaknesses of the spreadsheet model.

2.1.1. PILLAR 1: A SINGLE SOURCE OF TRUTH

At the core of the LBT is a centralized NoSQL database that stores all data related to missions,
spacecraft, ground stations, transponders, antennas, and atmospheric models. When an
engineer performs an analysis, they are pulling data directly from this managed repository.

This database-driven approach guarantees that every analysis is based on the latest, approved
set of parameters. If a ground station’'s performance characteristics are updated, that change
is made once in the central database, and it is instantly and automatically reflected in all
subsequent link budgets for every user. Data silos are eliminated.
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2.1.2. PILLAR 2: ROBUST CONFIGURATION CONTROL & COLLABORATION

The LBT introduces a rigorous, hierarchical user management system, something impossible to
achieve with spreadsheets. Users are assigned specific roles (e.g., Administrator, Operational
User, Standard User), which dictate their permissions.

Furthermore, data entries within the database are assigned ownership and sharing levels (e.g,,
Private, Shared, Public). This ensures that:

o Only authorized personnel can modify critical baseline data.

o Engineers can work on their own private configurations without affecting others.

o Mission-wide configurations can be shared in a controlled, read-only manner to prevent
accidental modification.

This structure provides the auditability and control essential for mission-critical systems, while

simultaneously enabling secure, concurrent collaboration among team members.

2.1.3. PILLAR 3: VALIDATED, TRANSPARENT HERITAGE

A new tool is only as trustworthy as its calculations. The LBT ensures reliability by building upon
the trusted heritage of the original LDCT. The core mathematical engine was not re-written from
scratch; it was meticulously ported from the original source to a modern, maintainable, and

highly performant Python library.

This approach provides the best of both worlds: the validated mathematical and physical
models trusted by ESA for decades, implemented within a modern software framework that is
transparent, easy to maintain, and centrally managed. The "black box" of obscure VBA macros
is replaced by a professional, version-controlled software library.

07 October 2025




White Paper Series

From Spreadsheet Risk to Operational Certainty

3. CONCLUSION: BEYOND CALCULATION—ACHIEVING OPERATIONAL CERTAINTY

The transition from an Excel-based LDCT to the web-based LBT is more than a simple
technology upgrade. It is a fundamental evolution in operational philosophy. It represents a
move away from accepting the inherent risks of a file-based, uncontrolled workflow toward a
modern process that prioritizes data integrity, configuration management, and collaborative

reliability.

By centralizing data, controlling access, and building on a validated heritage, the Link Budget
Tool provides the foundation for making critical mission decisions with confidence. It
transforms the link budget from a static, high-risk calculation into a dynamic, reliable, and
collaborative engineering process. In the unforgiving environment of space, this operational

certainty is not a luxury—it is a mission necessity.
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Why Partner with Arpsoft?

Arpsoft delivers innovation and operational excellence to the aerospace industry through
expert engineering consultancy and cutting-edge software development. Our specialization in
ground station operations and spectrum management ensures that our clients are equipped
to reach new heights in satellite communication and space exploration.

For over a decade, we have cultivated a track record of reliability and success alongside the
world's most demanding organizations. This includes consistently securing and excelling in
tenders awarded by the European Space Agency (ESA). Our deep, established relationship
with the European Space Operation Center (ESOC) is a testament to our quality, as we provide
continuous support for their most critical operational tools—including the very Link Budget
Tool discussed in this paper, the European S/W Delta-DOR Correlator, and the Radio
Frequency Interference Assessment Tool (RFIAT).

When you partner with Arpsoft, you gain access to the same proven technology and world-
class engineering that powers Europe's leading space operations.

Take the next step

Commercialize the proven power of the Link Budget Tool and our related services. Contact
Arpsoft today to schedule a personalized demonstration.

@ www.link-budget-tool.com
info@arpsoft.it

D:IYJ Via G. Rosaccio 33, Roma, Italy
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