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Bottom Line Up Front (BLUF)
• Galorath Federal has recently been involved in estimating small satellites for 

several customers
• We have used SEER-H and SEER-Space quite effectively
• But because we like to employ multiple models as cross-checks, we have also 

developed a dedicated Galorath Internal Small Satellite Cost Model (GISSMo)
 To be clear, we developed GISSMo for internal Galorath use and are not marketing the model

• The database is 67 small satellites, both old and new
• GISSMo CERs are classical regression derived

 Except for Percent New Design

• No GUI—just all in Excel
• This presentation describes GISSMo
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What Is A Small Satellite?
• At least one NASA definition of a small satellite is a satellite with a wet mass of 180 kg or less* 
• As cost analysts, we more normally trade in dry mass  
• Wet mass to dry mass ratios for satellites ranges from one (i.e. a spacecraft without a propulsion 

system) to five** 
 The mean wet/dry ratio seems to be around 1.3

• Thus, the NASA 180 Kg wet mass translates into a minimum dry mass range of 36 Kg (assuming 
wet equals 5X dry) to 180 Kg of (assuming a satellite with no propulsion)
 Using the mean 1.3 wet/dry ratio would imply that 180 Kg  wet satellite would be ~138 Kg dry

• GISSMo database happens to have the following dry mass characteristics: 
 A minimum mass of about 30 Kg 
 A median mass of about 250 Kg
 A maximum mass of about 500 Kg

• Therefore, we think that our model should comfortably cover the 36 Kg to 180 Kg range
 Hopefully not biased by the 30 data points over 250 Kg 

• Yeah, we wish we had more small satellite data too!
• GISSMo is not applicable to Cubesats!

*https://www.nasa.gov/smallsat-institute/sst-soa-2020/introduction
**https://ntrs.nasa.gov/api/citations/20140011472/downloads/20140011472.pdf
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GISSMo Database
• We compiled small satellite cost and technical data from several sources (which 

partially overlap)
 NAFCOM
 QuickCost
 SEER-Space
 A lot of World Wide Web research
 And let’s just say “other sources” for a handful of small satellites that have either recently flown or are 

in the later stages of development for which Galorath has “been involved”
 In all, N=67

• As it turns out, the GISSMo database appears to be similar in spirit to the 
database Aerospace used to develop the Small Satellite Cost Model (SSCM) 
 Except…

 The addition of those handful of new small satellites?
 GISSMo bus data goes down to the subsystem level

 We had to impute to get to the subsystem level for 18 of the 67 datapoints (27%)
 Undoubtedly our normalizations are different then Aerospace
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GISSMo WBS

• The database includes all NASA WBS elements (except WBS 8 Launch 
costs)
 And adds a “WBS 12”—Mission Operations and Data Analysis

• WBS 5 and WBS 6 are estimated with regression CERs
 With a multiplicative factor for Percent New Design

• All other WBS elements are estimated as a percent of WBS 5 + WBS 6
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GISSMo CER Structure

• As implemented by GISSMo, the NASA WBS 
implies there are 44 cost numbers needed
 That’s the 44 blue cells in the table

• But that includes some rollups and a lot of 
cells that GISSMo calculates with percentages 
of other cost (percent of WBS 5 + WBS 6)
 Where these percentages come from the 

GISSMO database 

• So, in fact, there are 16 regression CERs 
needed (as enumerated in the table)
 Plus 22 cells calculated as a percent of WBS 5 + 

WBS 6

• GISSMo estimates TFU cost but includes a 
learning and rate curve capability for larger 
quantities and/or constellations

WBS Output (Estimated Cost) DDT&E TFU
1.0 Project Management % %
2.0 Systems Engineering % %
3.0 Safety & Mission Assurance % %
4.0 Science & Technology % %
5.0 Payloads CER 1 CER 2
6.0 Spacecraft (Using Total Bus CER) CER 3 CER 4
6.0 Spacecraft (Rollup of Subsystems Below) Rollup Rollup
6.1 S/C Management % %
6.2 S/C SE&I % %
6.3 S/C S&MA % %
6.4 Structures & Mechanical CER 5 CER 6
6.5 Thermal CER 7 CER 8
6.6 Electrical Power CER 9 CER 10
6.7 CC&DH CER 11 CER 12
6.8 GN&C CER 13 CER 14
6.4 RCS/Propulsion CER 15 CER 16
6.5 Flight Software --- ---
6.6 GSE % %
6.7 Integration % %
7.0 Mission Operations Systems
9.0 Ground Systems
10.0 Systems Integration & Testing
12.0 Mission Operations and Data Analysis

Total
12.0 Annual MO&DA

%
Rollup

Calculation

%
%
%
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GISSMo Example Scatterplot

• Bus cost versus mass 
displays a lot of scatter
 With mass explaining only 

30% of the variability in cost
 This R2 is less than normally 

observed with mass only 
 Suggesting that mass is not as 

strong of a cost driver for small 
satellites

 Thus, the need to introduce 
other independent variables to 
try to explain cost 

 And to go to the subsystem 
level…

 Both of which GISSMo does 
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GISSMo Independent Variables Attempted

 Signifies that the variable 
passed regression tests (t-tests, 
VIF, “correct” algebraic sign 
on coefficient, etc.)

1 Total Payload Suite Dry Mass (Kg) ----- 
2 Total Bus Dry Mass (Kg) ----- 
3 Bus Structure & Mechanical (S&M) Dry Mass (Kg) ----- 
4 Bus Thermal Control System (TCS) Dry Mass (Kg) ----- 
5 Bus Electrical Power System (EPS) Dry Mass Mass (Kg) ----- 
6 Bus Communications & Data Handling (CC&DH) Dry Mass (Kg) ----- 
7 Bus Guidance, Navigation & Control (GN&C) Dry Mass (Kg) ----- 
8 Bus Reaction Control System (RCS) Dry Mass (Kg) ----- 
9 Electrical Power Maximum Ouput (Produced by Bus) BOL (watts) -----  (for EPS subsystem)
10 Deployed Arrays (Y/N) No = Body Mounted Failed t-test
11 RTGs (Y/N) No datapoints had RTGs -----
12 Phase C/D (Months) ----- Failed t-test
13 Number of Distinct Instrument Types (Count) ----- Failed t-test
14 Does Payload Have Active Instruments? (Y/N) ----- 
15 3-Axis Stabilized (Y/N) No = Spinner or Gravity Gradient Failed t-test
16 Number of Communication Bands (Count) VHF, UHF, L, S, S, X, Ku, K, Ka Too many gaps in database
17 Are the Specifications Lower Than Nominal Fidelity?(Y/N) Similar to Class A, B, C, D 
18 Are the Specifications Higher Than Nominal Fidelity?(Y/N) Similar to Class A, B, C, D 

19
TCS Complexity (Y/N)

Complex is deployable sunshields, stationary or 
deployable radiators, moveable louvers, heat 

pipes, dewars, mechnaical cryocoolers, 
thermoelectric coolers, pumped fluids, etc.



20 Does the Spacecraft Have RCS/Propulsion? (Y/N) 

21      Does the Spacecraft Have Cold Gas RCS? (Y/N) Failed t-test
22      Does the Spacecraft Have Monoprop RCS? (Y/N) 
23      Does the Spacecraft Have Biprop or Dual Mode RCS? (Y/N) 
24      Does the Spacecraft Have Electric/Ion Propulsion/RCS? (Y/N) 
25 Planetary Destination? (Y/N) Lunar and Lagrange Coded as EO  (sometimes)
26 Design Life (Months) Failed t-test
27 Expected Launch Date (20XX) Years since 1960 for SOTA improving 
28 Software Lines of Code (SLOC) Too many gaps in database

No.
Independent Variable Explanation of Variable (If Needed) Regression Outcome

Cold Gas did not pass the t-test and 
model does not have a Green BiProp 

Option
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GISSMo Regression Analysis and Example CER
• Regression analysis was done with Minitab
• Continuous/scaling variables (mass, power, etc.) 

were log transformed
 Including a variable to control for state of the art called 

Years Since 1960 (used launch year)

• A number of binary/dummy/indicator variables 
were used
 Including one we call Fidelity
 Fidelity is similar to Mission Class (A, B, C, D)
 Accounts for rigor in requirements, reviews, testing, 

documentation, etc.

• Developed a new (?) way to account for Percent 
New Design

• Average R2 Adjusted 
 DDT&E CERs is 68%
 TFU 50%

• All independent variables have t-test p=0.1 or 
lower

Example CER for Structures and Mechanisms DDT&E

(or sometimes “close enough”)
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GISSMo Regression Analysis (Cont’d)

• Used “manual stepwise” regression in Minitab
Acceptable t-tests with  p<0.10 be the hurdle but most 

p-values are much better
Sensical algebraic signs on the independent variables
Sensical engineering logic behind the independent 

variables
 Several times a variable would creep in with great statistics, 

but it did not make sense—we threw it out
 Example: Avionics redundancy in the RCS CER had great stats
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GISSMo Regression Analysis (Cont’d)
• A few surprises/disappointments…

 Design life stubbornly would not pass any t-tests
 Median design life was 29 months with not much variability
 “Total database” of satellites median design life is 36 months with a lot of variability

 Power rarely worked (worked for EPS at least, but without EPS dry mass)
 Median watts was 224 watts 
 “Total database” of satellites median watts is 850 watts with a lot of variability

 Planetary would not “go in” with the regularity one might expect
 But database only included N=6 out of N=67  planetary spacecraft

 The narrow range of some of the continuous independent variables may be effecting their 
efficacy

• Some flaws and blemishes 
 We are overfit (with N=67 and 21 independent variables) and have not yet cross validated 
 Our median y-hats are biased a bit low (about -6%--easy to correct)
 Our payload CER is too simplistic

 SEER-Space much better here
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Percent New Design
• “Percent New Design” (or the math complement of “Heritage”) has always 

been a vexing issue in aerospace cost analysis
 It is usually the single most potent cost driver
 While simultaneously having other characteristics including…

 Heritage is almost always overstated in early design
 Then as it erodes, the actual heritage is poorly documented

 Most cost models include Percent New Design as an input
 Usually this requires that the historical data points in the model database be “tagged” 

with an estimate of what their Percent New Design was

• In GISSMo we have implemented a new (?) approach
• We are asserting that the average Percent New Designs in the GISSMo

database are the red font numbers in the top table (70% for Payload, 70% 
for Bus S&M, 40% for Bus TCS, and so on)
 This is just our judgement based on our experience
 (This results in a weighted average Bus Percent New Design of 50.3%)

• Then when the user specifies their Percent New Design, the bottom table 
factors their input relative to the Percent New Design already asserted to be 
embedded in the CERs

• All this precludes us having to do the red font step above

WBS Element

User 
Specified 

New Design
Database  

New Design

Model Uses 
This New 

Design
Total Payload 50% 70% 71.4%
Total Bus 50% 50.3% 99.5%
   Bus S&M 50% 70% 71.4%
   Bus TCS 50% 40% 125.0%
   Bus EPS 50% 40% 125.0%
   Bus CC&DH 50% 50% 100.0%
   Bus GN&C 50% 60% 83.3%
   Bus RCS 50% 40% 125.0%

Formula is: User Specified New 
Design/Database New Design

WBS Element Weights

Database 
New 

Design
Total Payload ----- 70%
Total Bus ----- 50.3%
   Bus S&M 16.31% 70%
   Bus TCS 2.94% 40%
   Bus EPS 20.78% 40%
   Bus CC&DH 26.60% 50%
   Bus GN&C 13.53% 60%
   Bus RCS 19.84% 40%
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Example GISSMo Input/Output
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Some GiSSMO Sensitivities
• First, those that seem reasonable

 Low Fidelity lowers total cost to 0.51 of Nominal Fidelity
 High Fidelity increases total cost to 2.4X of Nominal Fidelity
 Planetary is a 1.34 plus up
 No RCS lowers cost to 0.93
 Electric propulsion less expensive than Biprop to 0.41 (may be OK)
 Going to Single String Avionics lowers avionics cost to 0.61 (plus lowers TCS to 0.59) 
 Going from Monoprop to Biprop is a 1.62 upper on RCS

• And now some on which we are still working
 Active instrument doubles bus cost—sounds high
 Active instrument causes 2.7X effect on payload suite cost—also too potent

 Had N=10 out of N=67 with active instrument
 TCS Complexity is a 1.73 plus up (probably too potent)
 Cold Gas did not make the t-test cut

 Thus, when user selects Cold Gas, there is not cost effect (to be fixed “manually”)
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Concluding Remarks On GISSMo

• But IMO the true test of a cost model is “does 
it work in the field”
 We plan to answer that question as we use it on 

real small satellites in the field
 And continue to improve GISSMo for our future 

use

• If you have a small satellite for which you 
need a cost estimate, contact me

Duke Ellington: “When it sounds good, 
it is good”.
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Finally…

• As a matter of possible interest, co-author Aaron Zucherman, Small Spacecraft 
Researcher and Technologist and a PhD candidate in Systems Engineering at 
Cornell, and I will be presenting a paper on Smallsat cost estimating at the 
2021 NASA Cost and Schedule Analysis Symposium
 https://www.nasa.gov/sites/default/files/atoms/files/event_announcement_ncss_2021.pdf

https://www.nasa.gov/sites/default/files/atoms/files/event_announcement_ncss_2021.pdf
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A Similar Model Galorath Recently Developed
• For several DoD customers, we recently 

developed a high-level parametric cost model 
for Hypersonic Vehicles 
 Can be used in very early design phase prior to their 

being sufficient information to run SEER models

• The model estimates…
 Solid Rocket Boosters
 Glider bodies
 Thrust/Glide bodies (including scramjet engine)

• The model can be used to independently 
estimate the cost of proposed new/adapted 
boosters and hypersonic vehicles
 And/or sanity check contractor cost 

estimates
• If you are interested, I am happy to set up a 

Zoom meeting and show you the Hypersonic 
Vehicle cost model

Example CER for Body DDT&E
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A Final Word
• Galorath is a ~75-person company dedicated to providing our customers best practice cost analysis 
• Enabling informed decisions about the cost of their projects including…

 Supplier Should-Cost Estimates
 Design-to-Cost Analysis
 Cost Analysis and Cost Studies
 CER development
 Analysis of Alternatives (AoA)
 Proposal & Engineering Cost Modeling
 Independent Cost Estimates
 Earned Value Management
 Estimation Process Improvement
 Data Science
 SEER Cost Models including Training
 Risk adjusted cost and schedule estimates 
 Using many estimating methods

• Contact us at www.galorath.com 
• Contact me at jhamaker@galorath.com 
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~End~
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