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Early-stage mission cost estimation
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Small spacecraft can have very different mission costs

Mission heterogeneity

Payload, destination and engineering requirements change the cost.

Early-stage uncertainty

A budget may be fixed before the mission architecture is fully defined.

Objective: an interpretable decision-support model



A manually curated public dataset
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~90
CubeSat missions

1U-16U
Platform sizes

Size, orbit, mission type,
commercial status, year
and reported total cost

Mission Cost vs Complexity Across Orbits

Public sources need currency normalization and manual checks.



The complexity score is a constructed proxy
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Baseline + mission-type modifier + context adjustments

Baseline score before context adjustmentsMission type

1.0Technology demonstration

1.5Earth observation

2.0Science / astronomy

3.0Deep Space / GEO

Agency and manufacturing context can change the score.

The score summarizes qualitative information. Its definition is subjective. You will find the algorithm in the 
source code.



Bayesian log-normal regression
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ln(Cost) = αorbit + βsize× Size + βcomplexity× Complexity 
+ βcommercial × Commercial + βyear × Year + ε

Why log-space?

Positive costs, right-skewed observations and multiplicative effects.

Bayesian inference carries parameter uncertainty into cost predictions.



Complexity has the strongest modeled cost effect
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×2.0
Cost per additional
complexity point

~12%
Cost per additional U

All else equal. Commercial status and year have weaker, uncertain effects.



Orbit changes the cost baseline
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LEO / SSO

Generally lower-cost mission profiles
in this dataset

GEO / Deep Space

More demanding environments
can increase cost pressure

Communications, reliability, radiation and mission duration

The model groups GEO and Deep Space because the dataset contains few cases.
The grouping is a modeling simplification.



Predictive curves retain broad uncertainty
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Predictive Analysis by Destination for 2026

Platform size raises cost moderately
Complexity drives stronger growth. Similar missions can still differ widely.



The $5M scenario: four mission profiles
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6U CubeSat     Commercial context     Year 2026

Cost range (M$)OrbitMission profile

1.15-8.62LEOTechnology demonstration

1.58-11.85SSOEarth observation

1.96-14.76GEO / Deep SpaceScience

5.12-38.51GEO / Deep SpaceDemanding Deep Space

Ranges correspond to ±1σ uncertainty, approximately 68%.



A fixed budget becomes a cost-risk question
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$5M
A fixed budget

Several cost ranges cross
the budget threshold

The decision depends on how much
budget risk the mission can accept.

P(Cost ≤ $5M given the mission inputs)



High coverage comes with limited precision
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92.3%
Observed costs within
approximate ±σ bounds

R² ≈ 0.29
Fit on log-transformed costs

Actual Cost vs Prediction (Log–Log)

Wide intervals can cover observations while leaving substantial prediction uncertainty.



The model has important limits
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A small and unbalanced dataset

About 90 missions, with few Deep Space examples.

A subjective complexity index

Different definitions of the score could produce different results.

Mission-level inputs

Payload, propulsion, ADCS and qualification requirements need more detail.



A design-to-cost framework
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Given this budget, which mission architectures remain plausible?

Mission comparisons

Explore combinations of platform size, orbit and mission ambition.

Probability of satisfying the budget

Carry uncertainty into architecture choices and cost-risk decisions.



Three messages to take away

01 Complexity matters more than platform size
in this model

02 Cost uncertainty belongs in the design decision

03 Simple models can support early mission design

Thank you. Questions?

Dataset and code: QR code on the poster



Dataset and 

code: QR code

Contact : Diego 
BRAVO


