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Abstract: NASA continually strives to improve cost estimation for the highly advanced technology flown on planetary 

as well as earth orbiting space missions. Over the years it has been proven that parametric cost models are a desired 

way to obtain accurate estimates. Still there is room for improvement. This paper will discuss two of the latest and 

best methods for obtaining accurate cost estimates using best-of-breed model-based cost engineering techniques.  

This paper / presentation will address two relatively new methods to improve the accuracy of space missions cost 

estimates: TruePlanning Hardware Equipment Types and a relatively new Space Missions Catalog, with emphasis on 

the later. Both methods include a variety (up to 119) space specific equipment types, and the Space Missions catalog 

also includes novel specific models for electric propulsion, ion thrusters, lasers, parachutes, radar altimeters, and 

thermal protection. This paper / presentation will include two case studies (one earth orbiting and one planetary 

mission) featuring many of the above equipment types and unique cost models. A validation study of the results of 

these case studies will also be included.  

 

Case Study Descriptions (Two Case Studies): 
Two hypothetical robotic space missions were developed to demonstrate the capabilities of the 

TruePlanning suite of estimating tools. A space-based telescope case study was developed to highlight 

the process of applying TruePlanning to near Earth missions and an autonomous Mars helicopter case 

study was developed to highlight planetary missions with multiple flight elements.    

The first case study, referred to as LUVOT (LEO UV Optical Telescope) is a 500kg Explorer class ultraviolet 

space-based telescope with a development schedule of 4.5 years. The flight system consists of a 100kg 

payload that contains a cluster of four telescopes (aperture <25cm) with CCD detectors tuned to cover 

different ranges in the electromagnetic spectrum and a 400kg commercial low-cost spacecraft bus. The 

telescope payload includes significant structural elements constructed of composite materials, several 

light-weighted mirrors using advanced materials, an electronics assembly and a filter wheel. The 

spacecraft bus utilizes standard aluminum honeycomb structural elements, has passive thermal control, 

is solar powered with articulated arrays and has no propulsion system. In addition, the bus is 3-axis 

controlled, has a Rad750 based processing unit with onboard storage and communicates with the 

ground using a X-band SSPA. Figure 1 provides a high-level Master Equipment List (MEL) for LUVOT and 

an artist’s rendering of the LUVOT flight system. The complete MEL used to estimate the LUVOT system 

is provided in Appendix A.  

 

 

 

 

 

 

Figure 1: Sample MEL for LUVOT (Complete MEL Provided in Appendix A) 

Flight Element #1 

Payload Element #1 



The planetary case study (Marscopter) is a medium sized helicopter designed to fly autonomously across 

the Martian landscape. Marscopter is a New Frontiers or flagship class space mission that has a mass of 

1,700kg and a development schedule of 6 years. The Marscopter flight system consists of three distinct 

flight elements; the entry system, the cruise stage and the helicopter. The 1,000kg entry system 

provides protection during Mars entry and consists of a mini “Sky Crane” to lower the payload to the 

surface and a thermal protection system that shields the payload during descent into the Martian 

atmosphere. This system utilizes a Rad750 based control computer and aluminum structural elements. 

The cruise stage for this space mission is a typical interplanetary support spacecraft that has a mass of 

200kg. It has a biprop propulsion system, passive thermal control and standard aluminum- honeycomb 

structural materials. The helicopter payload is 600kg and is powered by batteries during flight but uses 

solar arrays to recharge between excursions on the surface. Multiple excursions can be conducted 

within the lifetime of the helicopter which is driven by battery charge/discharge cycles. The helicopter is 

mostly constructed of composite materials, has a Rad750 based electronics system and relies on X-band 

communications equipment. The helicopter carries a science payload made up of individual instruments 

consisting of a mapping spectrometer, meteorological suite and a visible camera. Figure 2 shows an 

artist’s rendering of the three flight elements that make up the Marscopter flight system along with a 

summary level MEL. A more detailed MEL for this case study can be found in Appendix A.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Sample MEL for the Marscopter case study (Complete MEL Provided in Appendix A)  
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The TruePlanning Space Hardware Equipment Types and Resulting Cost 

Models 

Equipment Types 
 

As an extension of a study that PRICE (now known as Unison) accomplished several years ago for NASA, 

we developed a significant set of ‘unmanned hardware equipment types’ to specifically support the 

estimation of unmanned space missions of all types and applications. 

 

The derivation of these equipment types was based on two extensive sets of data: 

1. Spacecraft data from the US Air Force Unmanned Spacecraft Cost Model (USCM), supplemented with 

some newer data from the Air Force 

2. Payload / Instrument data from a set of 13 NASA historical earth-orbiting and planetary missions. 

The original study was published in 2016. This included 119 hardware equipment types, as shown in 

Figure 3.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3a.  Spacecraft / Bus Equipment Types 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3b.  Payload / Instrument Equipment Types 

 

One of the advantages of estimating unmanned space missions using the hardware equipment type 

method is that this is merely an extension of the legacy hardware / system estimating method in 

TruePlanning software application. If one is already a user of the Unison TruePlanning hardware /system 

models, estimating unmanned space missions is merely an extension of the hardware estimating 

method you are already familiar with. This method is also extensible to missions other than NASA 

missions, and to a lesser extent, manned missions as well. It also lends itself the ability to include, and 

integrate software into the hardware estimate. 

 

An example of the Hardware Equipment Type Calculator is shown below in Figure 4 depicting an 

example of a Payload / Instrument / Optics assembly for an Earth-Orbiting Mission. As can be seen at 

the bottom of the figure, the equipment type calculator derives all of the necessary inputs for 

TruePlanning based on a few inputs provided by the estimator at the top of the figure / calculator. 



Figure 4.  The TruePlanning Hardware Equipment Type Calculator depicting an Earth Orbiting Optics Assembly 

 

Cost Models / Results 
 

As described in Section I, two notional case studies were modeled for this paper using both the 

Hardware Equipment Types as well as the Space Missions Catalog. The results of the Hardware 

Equipment Types will be presented in this section, and the results of the Space Missions Catalog will be 

presented in the following Section III. 

 

Figure 5 is a snapshot of the Product Breakdown Structure (PBS) for the (LUVOT) mission. Figure 5a 

shows a portion of the Payload / Instrument PBS, while Figure 5b shows a portion of the Spacecraft / 

Bus. Note that System / Assembly Cost Objects are included to estimate NASA WBS Elements 1-3 and 10, 

as well as WBS 5 and 6. 



 

Figure 5a. Snapshot of a portion of the LUVOT Payload / Instrument PBS 

 



 

Figure 5b. Snapshot of a portion of the LUVOT Spacecraft / Bus PBS 

 

A snapshot of the TruePlanning Hardware Equipment Type Results by NASA WBS is shown in Figure 6. As 

shown in the figure, the total design and development is approximately $110 million, and the total flight 

unit cost is approximately $71M, for a total project cost of approximately $182M. This includes 

approximately $114.5M for the Spacecraft bus, and $49.5M for the Payload / Instruments. 

 

 



Figure 6.  LUVOT Mission Space Equipment Type Results by NASA WBS 

 

TruePlanning was also used to estimate the cost of the Marscopter Mission as discussed in Section I. 

Figure 7a represent a snapshot of the Hardware Equipment Type PBS for the Marscopter Spacecraft, and 

Figure 7b represents the PBS for a portion of the Marscopter Payloads / Mapping Spectrometer 

Instrument. 



 

Figure 7a.  Marscopter Spacecraft / bus Product Breakdown Structure in TruePlanning 

 

The results of the Hardware Equipment Type Marscopter Mission cost estimate are shown in Figure 8, 

by NASA standard WBS. Note that the Marscopter Mission is much more complex than the LUVOT 

mission, incorporating EDL as well as a Cruise Stage, and multiple instruments, so both the Payload / 

Instrument costs, as well as the Spacecraft costs are significantly higher than the earth-orbiting LUVOT. 

As shown in the figure, the total design and development for the Marscopter Mission is approximately 

$739 million, and the total flight unit cost is approximately $285M, for a total project cost of 



approximately $1.023B. This includes approximately $714M for the Spacecrafts, and $157M for the 

Payload / Instruments. 

Figure 7b.  Marscopter Product Breakdown Structure for the Payload Mapping Spectrometer Instrument in TruePlanning 

 



 

Figure 8.  Marscopter Mission Space Equipment Type Results by NASA WBS 

 

Note that individual Subsystem / Component cost (and labor) reports (not shown here) are also 

available in TruePlanning.  

 

The Space Missions Catalog and Resulting Cost Models   

The Space Missions Catalog 
Nearly 35 years ago, a new approach for estimating NASA planetary spacecraft was developed in 

support of the upcoming Discovery Program. This new approach leveraged an extensive amount of 

historical planetary data going back to the early 1970’s and utilized the framework of the PRICE H 

Estimating Suite. This NASA tailored cost model was later expanded to include Earth science missions 

and additional refinements were made to capture science instruments and approaches used by more 

recent missions. The overall approach of the model was to focus on perceived cost drivers versus non-



causal options. In the early 2010’s, the model was migrated from PRICE H to the TruePlanning 

framework where it became known as the TruePlanning Space Missions (TPSM) Catalog. Over its history, 

the TPSM model has been used to support numerous instrument and mission evaluations and Standing 

Review Boards (SRBs), demonstrating its accuracy and applicability throughout all mission development 

phases and across the NASA portfolio. 

TPSM produces an estimate that covers the development phases of a project (Phases B-D) and maps it 

to the NASA standard WBS structure. The payload and spacecraft flight hardware estimates are built up 

from component level estimates that rely on inputs such as; schedule durations, heritage, technology 

levels, quantities (flight, spares, prototypes, models, etc.), parts class (S, B, etc.) and mass. TPSM also 

estimates the cost of Instrument Assembly & Test (I&T), launch operations, and project support 

functions (management, systems engineering, etc.). 

In addition to running TPSM within the TruePlanning environment, a recently developed Excel interface 

tool known as TPXL offers users the ability to run TPSM using a more streamlined approach directly from 

a customizable Excel interface. The process outlined here for each of the case studies will highlight the 

TPSM estimating procedure utilizing TPXL.  

The first step in developing an estimate requires that all payload and spacecraft components are 

assigned a subsystem and component type as shown in Figure 9. 

Once all of the components have been categorized, the technical and programmatic details are assigned 

as appropriate. Five milestone dates are used for each flight element to define the four project phases; 

Figure 9: TPSM Subsystem and Component Types 



design, fabrication, I&T and launch operations. Technical details such as; quantities, heritage, mass and 

technology levels are also assigned. Figure 10 provides a high-level look at how these parameters were 

assigned for the LUVOT case study in the TPXL environment. The complete set of parameters used to 

estimate both case studies are provided in Appendix B. 

 

 

 

 

 

 

 

 

 

 

 

TPSM Cost Model Results Using TPXL solution  
The TPXL solution automatically provides estimate results neatly in the NASA WBS standard format and 

provides a breakdown of the estimate into each of the four phases of the project lifecycle; design, 

fabrication, integration, test and assembly and launch operations and on-orbit checkout. The estimate 

results produced by TPXL can easily be imported to other software packages so that additional analyses 

can be performed (e.g. JCL, etc.).  Figure 11 gives the TPXL output table for the LUVOT case study. In 

addition to this output table, TPXL also generates a TP file that contains the details used to build the 

estimate as shown in Figure 12. This is useful for documenting results and can be used to perform 

additional analyses withing the TP environment. Figure 13 and Figure 14 provide the estimate results for 

the Marscopter case study.    

 

Heritage, Technology and Component Classifications Technical Details from MEL 

Project Schedule Milestones 

Other Technical and 

Programmatic Inputs 

Figure 10: Sample Technical and Programmatic Inputs for the LUVOT Case Study (Complete Input Set in Appendix B for Both Case 
Studies) 



 

Figure 11: TPXL Output Table (RY$k) for the LUVOT Case Study (In NASA Standard WBS Format by Phase) 

 

Figure 12: TruePlanning File Automatically Generated by TPXL for the LUVOT Case Study 



 

Figure 13: TPXL Output Table (RY$k) for the Marscopter Case Study (In NASA Standard WBS Format by Phase) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 14: TruePlanning File Automatically Generated by TPXL for the Marscopter Case Study 

 



Validation Study Results 

Comparison of the Hardware Equipment Type and Space Missions Approaches / Results 
 

To support validation, both Hardware Space Equipment Type and Space Missions Catalog were built by 

different people using the same mission system descriptions and MELs. The results of the different 

models were then compared. Figure 15 shows a comparison of the Space Equipment Type and Space 

Missions models for both missions. As seen on Figure 15, the results of both estimating methods 

compared favorably, with less than a 30% difference for the Spacecraft in the worst case LUVOT mission, 

and less than a 32% difference for the Payload in the worst case Marscopter mission, with an overall 

worst-case difference of less than 5% for the Marscopter mission. It should be noted that the Space 

Mission model had an advantage for the Marscopter Mission, due to the inclusion of a Parachute and 

Landing Radar Altimeter for which the Space Missions Catalog has devoted cost objects, whereas there 

is no current space equipment type for those components in the Space Equipment Type Calculator. 

 

  

Figure 15.  Comparison of Space Equipment Types and Space Missions models for the Spacecraft and Payload costs for both 
missions 

Application Considerations 
It can be noted that of the two possible approaches for estimating space missions presented in this 

paper, that if one is doing an estimate for NASA, or supporting a NASA project, especially for a planetary 

mission, that of the two approaches, the Space Mission catalog is probably the best choice, both 

because it does better job of estimating to the NASA Std. WBS, as well as NASA Mission Classes and 

includes planetary specific cost objects. Whereas, if one is estimating Earth Orbiting missions for 

Customers such as the Department of Defense, services / agencies, that the Space Equipment Type 

method may prove more useful and flexible, based on its ability to map to any WBS, including MIL-STD-

881, for which mappings already exist, or any other Customer or Project WBS, in addition to the strong 

historical DoD Spacecraft Bus calibrations and validation behind this estimating method, and the ability 

to include and integrate software into any estimate. Nonetheless, both methods are generally capable 

of estimating any space mission as evidenced by the case studies presented in this paper, and can 

certainly be used as cross-checks for the other, or any other estimating method. 

  



Validation Study Results (forthcoming) 
As of this writing, additional validation studies of both estimating approaches presented in this paper 

are planned for later this year, as Unison is currently in the process of regaining the required NASA 

CADRe database access necessary to complete a though validation for NASA missions, as was done 

previously. 

  



Appendix A: Case Study MELs 

 

LUVOT: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Marscopter: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix B: Case Study TPXL Inputs 

LUVOT: 

 

 



 

 

 

 

 

 

 



Marscopter:



 

 

 

 



 


