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OTA Cost vs Total Cost

Based on 13 space mission in 8.1.11 database (whose data may not be current):

�� There is a relationship between OTA cost & Total Mission Cost

�� Expensive missions tend to have expensive telescopes

Analysis needs 
to be repeated 
for current 
database





Learning from duplication is approximately 80%

BUT, only for the components that are duplicated.

There is NO cost savings for primary mirrors because the cost of 
the backplane to hold the segments is higher �±complexity.

FINDING:  

Segmentation does not reduces cost





Regressing on the 46 telescope database:
�� Cost of the 10 segmented aperture telescopes database are ~13% higher 

than what the model predicts their cost to be if they were monolithic.  
�� BUT, this is smaller than the Data Standard Error of 20%.  
�� Thus, while it may be statistically correct, it is not significant.

Adding Segmentation to the Cost Model:

OTA$ (FY17) = $20M x 30(S/G) Nseg
(0.84)Dseg

(1.75) ��(-0.5) * T (-0.25) e(-0.028) (Y-1960)

(R2 = 96%, Data SE=20%)

Where:
Nseg = number of segments in aperture
Dseg = circumscribed diameter of segments (= Dia for Monolithic)

However, in simulations actual cost impact depends on segment architecture.

Segmentation Increases Cost



Summary

A multivariable parametric model has been developed that 
explain 92% of the cost variation of a 46 mission dataset.

OTA$ (FY17) = $20M x 30(S/G) D(1.7) ��(-0.5) * T (-0.25) e(-0.027) (Y-1960)

Space Telescopes are approx. 30X more expensive than Ground

Technology Maturation reduces cost by approx. 50% every 25 years.

Model predicts the most likely (50% probable) cost.

Multiplying Model by 1.45X yields the 84% probable cost.

Analysis of Sub-System Costs are on-going.

Segmentation does not decrease cost, but its predicted cost 
increase is within model uncertainty.















MSFC Cost Database (2018)

MSFC Cost Database collects data on over 45 potential CERs.

Currently have 100% completeness of OTA Cost and 4 key CERs for 46 
telescopes:

�� 20 Ground Telescopes
o Diameter ranges from 1 meter to 100 meters
o WDLP ranges from 500 nm to 21 centimeters
o YOD ranges from 1979 to Present
o 14 Monolithic and 6 Segmented

�� 26 Space Telescopes
o Diameter ranges from 30 cm to 6.35 meter
o WDLP ranges from 400 nm to 2 mm
o Operating Temperature ranges from 4 to 300K
o YOD ranges from 1962 to Present
o 22 Monolithic and 4 Segmented
o 18 Imaging and 8 Non-Imaging

Database significantly updated after 2010 NRO Cost Office review.



Database Parameters



Ground Telescope Data Base �–excluding Cost

rev. 11.01.2018
Effective 
Diameter

Diffraction 
Limit Temp

Year of 
Dev.

(m) (



Space Telescope Data Base �–excluding Cost

rev. 11.01.18 Aperture 
Diameter

Total Effective 
Aperture 
Diameter

�’�L�I�I�����/�L�P������Operating 
Temp.

Year of 
Development

Imaging (m) (m) (µ) (K) (year)
AFTA 2.40 2.40 0.78 284 1992

COM_0.7 0.70 0.70 0.50 283 1996
COM_1.1 1.10 1.10 0.65 283 2007
Herschel 3.50 3.50 80.00 80 2001

HST 2.40 2.40 0.50 294 1973
IRAS 0.57 0.57 8.00 4 1977
JWST 6.35 6.20 2.00 50 2006
Kepler 0.95 1.40 1.00 213 2001

MO / MOC 0.35 0.35 0.53 283 1986
MRO / HiRISE 0.50 0.50 0.40 293 2001
OAO-2 / CEP 0.31 0.61 1.50 300 1962
OAO-3 / PEP 0.80 0.80 2.40 288.5 1963

Planck 1.70 1.70 300.00 40 2001
Proprietary 2.40 2.40 0.60 300 2012

Spitzer 0.85 0.85 6.50 5.5 1995
WIRE 0.30 0.30 24.00 12 1995
WISE 0.40 0.40 2.75 17 2002

WMAP 1.40 2.10 1300.00 60 1996
Non-Imaging

ACTS 3.97 3.97 1950.00 263 1984
Cloudsat 1.85 1.85 1300.00 250 2000
GALEX 0.50 0.50 8.00 273 1998
ICESat 1.00 1.00 8.00 283 1998

IUE 0.45 0.45 3.50 273 1973
MO / MOLA 0.50 0.50 15.00 283 1986

OAO-B / GEP 0.97 0.97 5.00 289 1964
SWAS 0.68 0.68 286.00 170 1993



Telescope Cost Model 



Based on a 46 telescope database, MSFC cost office has developed a 
parametric cost model:

OTA$ (FY17) = $20M x 30(S/G) D(1.7) ��(-0.5) T(-0.25) e(-0.027) (Y-1960)

where:
�� Space Telescopes are approx. 30X more expensive than Ground
�� Cost increases with Aperture Diameter to power of 1.7
�� Cost decreases with Diffraction Limit to power of -0.5
�� Cost decreases with Operating Temperature to power of -0.25
�� Cost decreases 50% approx. every 25 years.

Statistical Quality is:  R2 = 92%, Data SE=21%, Predictive SE=45%
�� R2 = % of data variation described by model
�� Data SE = Standard Deviation of Fit Residual Error
�� Predictive SE = Standard Deviation Uncertainty of Prediction

MSFC Multivariable Telescope Cost Model





Or, as a comparison to another telescope such as JWST or HST.

Application Examples

JWST HabEx Ratio
Total Cost [FY17 $M] $1,380
Diameter [meter] 1.7 6.35 4 0.46
WDLP [micrometer] -0.5 2 0.4 2.24
Temperature [K] -0.25 50 270 0.66
exp(YOD) -0.027 2006 2025 0.60
50% Predicted Cost [FY17 $M] $552 0.40
85% Predicted Cost [FY17 $M] $801

HST HabEx Ratio
Total Cost [FY17 $M] $530
Diameter [meter] 1.7 2.4 4 2.38
WDLP [micrometer] -0.5 0.5 0.4 1.12
Temperature [K] -0.25 294 270 1.02
exp(YOD) -0.027 1973 2025 0.25
50% Predicted Cost [FY17 $M] $354 0.67
85% Predicted Cost [FY17 $M] $514



Graphical Residual Analysis



Raw OTA$ Data:  Ground & Space Combined
OTA Cost Scale Factor Eff Aperture Dia Diff. Lim. 

First normalize for Diameter �–will effect all but Cost vs Dia Plot



OTA$ / (Dia)
OTA Cost Scale Factor Eff Aperture Dia Diff. Lim. 

Next normalize for Wavelength �–will effect all but WDLP



OTA$ / (Dia, WDLP)
OTA Cost Scale Factor Eff Aperture Dia Diff. Lim. 

Next normalize for Temperature �–will effect all but Temp



OTA$ / (Dia, WDLP, T)
OTA Cost Scale Factor Eff Aperture Dia Diff. Lim. 

Next normalize for YOD �–will effect all but YOD



OTA$ / (Dia, WDLP, T, YOD)
OTA Cost Scale Factor Eff Aperture Dia Diff. Lim. 

Finally add Ground vs Space Scale Factor



Finally, apply the Space/Ground Scale Factor
OTA Cost Scale Factor Eff Aperture Dia Diff. Lim. 



Sub-System Analysis



NASA WBS

NASA has a highly detailed WBS for categorizing cost.  
(Unfortunately, most of the detail is for the spacecraft).

We accumulate cost data for only the level 1 categories except for 
the Payload.

Then combine into broader groups.
1 Management
2 SE
3 SMA
4 Science
5 Payload
5.1 Management
5.2 SE
5.3 SMA
5.4 Instrument
5.4.1 OTA
5.4.2 Instruments
5.4.3 Cryogenic
5.5 IA&T
6 Spacecraft
7 Launch Services
8 Mission Operation System
9 Ground Data Systems
10 System IA&T
11 EPO



Sub-System Cost Analysis

Based on Cost Analysis Data Requirements (CADRe) reports for 
14 missions:  CALIPSO, CLOUDSAT, GALEX, ICESAT, 
JWST, Kepler, LANDSAT-7, Spitzer, STEREO, SWAS, 
TRACE WIRE, WISE and WMAP.  (CADRe reports are 
incomplete on many older missions).



OTA Cost as a % of Total Mission Cost

Based on 7 space missions in 1.12.17 database (whose data may not be current):
�� OTA ~12% of Total Mission Cost
�� Spacecraft and Instruments account for 50% of Total
�� Mission I&T is ~ 8%.
�� OTA I&T is ~15% of OTA Cost (< 2% of Total Mission Cost)
�� Program Management and Systems Engineering equals OTA

Analysis needs to 
be repeated for 
current database



OTA Cost vs Total Cost

Based on 13 space mission in 8.1.11 database (whose data may not be current):

�� There is a relationship between OTA cost & Total Mission Cost

�� Expensive missions tend to have expensive telescopes

Analysis needs 
to be repeated 
for current 
database



OTA Cost as a % of Total Mission Cost
Based on 13 space mission in 8.1.11 database (whose data may not be current):

�� BUT, there is not a linear relationship between OTA & Mission Cost
�� OTA Cost varies from 1% to 25% of Total Mission Cost.
�� JWST is largest diameter and largest %.  But Herschel is also large and has a 

�Y�H�U�\���V�P�D�O�O�����������0�D�\�E�H���+�H�U�V�F�K�H�O�¶�V���O�R�Q�J�H�U���Z�D�Y�H�O�H�Q�J�W�K���L�V���L�P�S�R�U�W�D�Q�W��
�� HST is a large UVOIR telescope, but Kepler �–with its smaller aperture and 

lower WDLP �–was a higher %.

Analysis needs 
to be repeated 
for current 
database












