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Introduction:  Parametric cost models can be used by 

designers and project managers to compare cost 

between major architectural cost drivers and allow 

high-level design trades; enable cost-benefit analysis 

for technology development investment; and, provide a 

basis for estimating total project cost between related 

concepts. The NASA Marshall Space Flight Center has 

developed a 5-parameter cost model that explains 92% 

(Adjusted R2) of the cost variation in a database of 46 

total ground and space telescope assemblies. This 

model can be used to estimate the most probably cost 

for the Habitable Exoplanet Telescope Assembly. 

Disclaimers:  Parametric cost models cannot predict 

the cost of a future system. They are backward looking.  

They describe how historical system costs vary as a 

function of cost estimating relations (CERs) - the most 

important factors that drive cost. The only forward 

prediction that a cost model can make is to provide 

guidance as to how the cost of a potential future system 

might scale relative to an existing historical system.  

Furthermore, a parametric cost model is only as good 

as its database. The fundamental challenge of cost 

modeling is developing a parametric model that 

includes the most important CERs. To do this requires 

a database with sufficient samples and data diversity to 

yield statistically meaningful results, and engineering 

judgment to interpret the results. Finally, cost models 

are statistical. They only provide an estimate of the 

most likely or 50% probable cost +/- an uncertainty. 

Definitions:  The MSFC multivariable model estimates 

the most likely cost for ONLY an Optical Telescope 

Assembly (OTA). Where an OTA is defined as the 

subsystem which collects electromagnetic radiation and 

focuses it (focal) or concentrates it (afocal) into the 

science instruments. An OTA consists of the primary 

mirror, secondary mirror, auxiliary optics and support 

structure (such as optical bench or truss structure, 

primary support structure, secondary support structure 

or spiders, straylight baffles, mechanisms for adjusting 

the optical components, electronics or power systems 

for operating these mechanisms, etc.). An OTA does 

not include science instruments or spacecraft. 

Database:  The MSFC OTA database contains infor-

mation on 46 different cost, programmatic and engi-

neering parameters for 35 space missions with normal 

incidence optical telescopes or antenna; and 26 ground 

telescopes or radio antenna. The database consists of 

both conventional imaging telescopes and non-imaging 

systems such as spectroscopic missions, LIDAR or 

radio antenna. The cost model is developed based on a 

regression of 46 total OTAs (26 Space and 20 Ground) 

using COSTAT and Excel/DATA tools. 

Cost Model:  Regressing over 18 combinations of 8 

cost estimating relations (CERs); MSFC developed a 

5-parameter cost model for Space and Ground OTAs: 

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

where: S/G = 1 for Space Missions and 0 for Ground 

Telescopes.  This model explains 92% (Adjusted R2) 

of the cost variation in the total OTA database with a 

predictive uncertainty of ± 45% (Standard Error). The 

dataset CER ranges are: diameters from 0.35 to 100-m; 

diffraction limited wavelength from 0.4 micrometers to 

21 cm; operating temperature from 4 to 300K; and year 

of development (YOD) from 1962 to 2016. 

 

Figure 1: relationship between database OTA cost and 

Diameter (when cost is normalized for wavelength, 

temperature and YOD).   

 

Figure 2: relationship between database OTA cost and 

Diffraction Limited Wavelength (when cost is normal-

ized for diameter, temperature and YOD). 

HabEx OTA Cost Estimate:  The cost of the HabEx 

OTA can be estimated via two methods:  directly from 

the model or by using the model to compare with other 

OTAs (i.e. Hubble, WFIRST and JWST). Fortunately, 

the two methods agree.  The 50% most probable cost 

for the HabEx OTA (to one significant digit) is $400M 

and the 84% probable cost is $600M. 
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