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SatSim is a new and highly flexible estimating approach

used to estimate satellite costs.
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SatSim — key information

m Written in Python

m Development began in 2018

m Currently utilized at SMC to estimate unigue satellite designs

m Employs various techniques to make each simulated build realistic

m Source data: 1,000s of satellite components (part of Unmanned Space
Vehicle Cost Model Database)
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HOW SATSIM WORKS

UNCLASSIFIED. DISTRIBUTION STATEMENT A. Copyright 2021 Tecolote Research, Inc,
Approved for public release; distribution is unlimited. All Rights Reserved



Presented for the ICEAA 2021 Online Workshop - www.iceaaonline.com

Workflow Overview

Hours-to-days of research Extensive number of simulations

required to identify and understand « 1M simulations for nr/r, bus, payload = ~10 mins
parameters (e.g. components, » Review output (mins — hours)

uniqueness, characteristics) * 10M simulations = ~1 hr

Run

Research Review

Simulations

JSON file used "5l e conore: Hardware Requirements
to capture input ! “count”: 1, * 4+ cores
parameters e « 16 gb ram
. "subsystem": "ACS" ° Python
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SatSim is “code”

PS C:\Analytics\SatSim> py .\estimation.py
usage: estimation.py [-h] [-n N] [-p P] -f F -j J [-w W] [-a A] [-d D] [-m M]
[-s S] [-b B] [-c C] [--cer CER] [--upper UPPER]
[=lower UMER][—p. vpper: PLUPPER] SatSim isn’t a traditional “tool,”
[--pl_lower PL_LOWER] . . .
[--percent_commercial_payload PERCENT_COMMERCIAL_PAYLOAD] with an associated graphical user
|

PERCERL_D0M PERCENE NN interface; it is currently a
Script to generate a build-up model for rapid space. command-line application

optional arguments:

help show this h:-lp‘n{';sagc- and‘e:(it In the future, we intend to create a
' N Nusber of simulations required.

Nusber of processes required. GUI that enables one or more
Name of the output file. H i
Name of the parts list .json file a_‘naIyS‘_:(s) to bL“IC! the JSON file
Use weighted sampling. (including narrowing down the
Sample data based on a y

components sampled) and run the

Sample data based on a e
Sample data based on a given mission SimUIation
Sample from a structure "distribution”™
Qutput the build with this threshold.
: xlim cutoff for scatterplots. H
S L e A ckthaiot Memory/processing constraints

--upper UPPER Upper weight bound for bus. make this development process
- LOWER Lower weight bound for bus. .
more challenging that other types

-- er PL_UPPER Upper weight bound for payload.
--pl_lower PL_LOWER Lower weight bound for payload. of Eir)r)"(:ziti()r]ss_
--percent_commercial_payload PERCENT_COMMERCIAL_PAYLOAD

If simulating a commercial product, may require

filtering.
--percent_new PERCENT_NEW

Command line syntax and parameters
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Adding attributes in the JSON file

# Example: Example JSON file
data = {
"bus": {
"Star_Tracker Sensors™: # Name of the component
{
"count": 1, # Number of components
"program”: "", # Components from a specific program
“tagh: "7, # tagged components (subcategory)
"text filter": "", # Specify text that needs to be in the component name
"subsystem”: "ACS" # What subsystem does this component belong to
}J
"Sun_Sensors":
{
“count": 2,
"program”: "",
“tag": "",
"text filter": "",
"subsystem”: "ACS"
¥

¥

The JSON file contains the full Bill of Materials (BOM) that will be used during the simulation, as well as
instructions for how to limit/narrow down the list of components to be sampled from.
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How satellite costs are simulated

Mass Properties Data Matrix Simulations
Subsystem QTY ltem 1 ltem 2 Item 3
EPS [teration 1
Battery 2 l
PDU 1 Iteration 2
4 |
ACS
Sun sensor 2
1
TT&C
3
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Weighted and non-weighted sampling
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Weighted sampling is performed by randomly
drawing components based on an exponential
distribution (i.e. lower component weight)

o Modifying the scale parameter (A) will adjust
the steepness of the PDF

Weighted sampling is necessary when requiring
builds that are < 500 Ibs.

Weighted sampling is necessary because constraints
are applied after the simulation (filtering out irrelevant
builds) versus during simulation (simulated builds
can only be created with specific features)

o Adding constraints during simulation can
introduce bias, such that certain builds may
never be simulated

e  Applying constraints after the simulation is a
simpler approach
Applying constraints after the simulation allows

one to better understand how costs change in
different weight ranges

*Exponential Image from Wikipedia
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Hybrid cost models

SatSim enables the use of
parametrics as well, resulting in a

hybrid approach. USCM

Database Report

- < EH
a-m PN
*  Qty/Type parts to
oopesimulated v - W
: « Parametrics - PN
i« $/lb ratios/Metrics |
* Constraints
SatSim code
Inputs Outputs
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Constraints (filters)

m After the simulations are complete, Subsystem
unrealistic builds are filtered out.

Thermal >10% < 30%

m Using the USCM database we
determined what a realistic Propulsion < 20%

subsystem weight proportions are.
Structure >20% < 40%

m Why not constrain the builds before
simulation? Because this creates TT&C <10%

bias in the results. _
Subsystem percent of total mass is used

_Regmn of for Bus simulations to characterize
Cost and Weight of Simulated Buses Interest simulated builds outside of a normal
. range. Payload is work in progress.
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SatSim Results

SatSim generates millions of simulated builds that provide insight
into the full distribution of costs for a given weight class, enabling S-curve
analysis at both the mode and tails (prediction intervals)
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Reporting Overview

SatSim outputs HTML reports
with calculated costs, charts, and
simulation parameters embedded
for extensive documentation

m [ncludes insights down to the
component level

m Incorporates any CERs used
and associated
comments/documentation

m Designed to be
comprehensive and
Informative
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Reporting Results

Simulation T1 In-depth View
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VALIDATION
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Validation

Communication

BUS Payload

"] N=18 i =1 N=5
SatSim has similar e | 2
percent error vs 5L | = —_—
USCM10 and USCM11 £ | 57

I Sat‘S\m USC‘M‘I‘I USCIMM] Sat‘Sim USCIMM USCIMWO
low percent error when 14% - Recent SMC Programs
estimating USCM « Commercial

roarams Comm. 25% ) . NASA
prog Payload
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CONCLUSION
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Conclusion

Uy

Benefits

m Tailorable to any new satellite configuration.

m Benefits estimating process by going beyond the historical data range.
m Leverages data not as frequently used.

m Provides an independent estimating approach for any satellite system.

Way forward

m We will continue to utilize the SatSim estimating approach on unique SMC
satellite designs.

m  Many ideas for future improvements in queue.
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BACKUP
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Number of Simulations Required

Example simulation results

Cost and Weight of Simulated Buses
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Handing the Structure Subsystem

Problem

m Sampling from historical components limits the weight range of
systems that can be simulated more than any other component

Solution

m We scale the weight of the structure to match the other
components sampled (based on constraints)

m Costs are applied based on a $/Ib metric derived from USCM data

m The resulting distribution of simulated structures was compared to
that of actual structures, and proved to have the same weight/cost
distributions
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Normally distributed data

m Point estimates at the 50" percentile
assume that the data is (roughly)
normally distributed in a particular weight
range (or that the median value captures
the “peak” reasonably well)

Non-normally distributed data

m Not all simulations result in normally
distributed data (e.g. communications
payloads)

m To arrive at a better estimate, kernel
density estimation is used to identify
the “peak” or “summit” of the density in a
particular weight range

m This value can be used in place of the
50t percentile as a point estimate
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Point Estimates
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Peak finding with KDEs

Kernel Density Estimates (KDE) are related to histograms (see
figure below)

m Histogram: divide datapoints into bins

m Kernel density: kernels (gaussian) are placed on each datapoint (red); kernels
are summed to make the density estimate (blue)

KDEs are helpful in identifying peaks in multi-modal data
m Some SatSim simulation results are bi/tri modal
m Evaluate the mode(s) of the KDE

Il
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Features and Improvements

Feature Version 1.0 Version 1.5
Cost Types T1, AUC T1, AUC, NR
Subsystem SEITPM No Yes
WBS Levels Bus Bus, Subsystem,
Payload*
Parametric Support No Yes; $/Ib, CER
Graphics Scatterplot, Heatmap, S- Scatterplot, Heatmap,
curve S-curve, Histogram
Reports Image files (graphs) HTML reports
Documentation Manual (file names) Automatic: simulation

parameters, parametric
details and comments

Speed 6 minutes per Million Sim  ~3 Minutes per Million
Sim

* Comm Payload simulation, or through CER + $/Ib otherwise
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