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Research, Analysis and Software Tools for Operations Research of Space Flight Projects

Representative Task Order # 1

Task Title:  Database Analysis and Model Development

Period of Performance: 30 calendar days in Year 1 of Contract              (Note:  Contractor shall plan to propose this RTO again using Year 3 rates to provide further insight.  Contractor shall ensure there are no discrepancies between what is proposed for year 1 and year 3.)  
Task Background 

The Resource Analysis Office (RAO) maintains and employs a suite of empirical parametric models that use Cost Estimating Relationships (CERs) to predict space flight hardware costs. These CERs address various aspects and phases of a project’s life cycle, including design, development, fabrication, and integration and testing of spaceflight systems/subsystems.  Generally, the models are developed using Ordinary Least Squares (OLS) procedures in log space and rely upon a core database of historical technical and programmatic data that is updated and augmented periodically. It is RAO’s goal in developing models to maximize objective parameters while minimizing judgment-based parameters.

Task Description

1. The Contractor shall critique and/or revise the Sample Parametric Model below to produce a model and solution the given supplied statistics, sample data base and definitions.   In doing so, the Contractor shall apply its knowledge of the aerospace industry and space flight projects, regression analysis, and space flight hardware development cost (and its relationship to objective regressors),
Sample Parametric Model

Call:

lm(formula = Cost ~ WT + TRL + +DEL + SCI + PWR + DRT + PREF + 

    PD + YOT + FAM1 + FAM2 + FAM3 + FAM4 + FAM5 + DH1 + DH2 + 

    DH3 + MR2 + MR3 + MR4 + MR5 + MR6 + MR7, data = lrto, x = TRUE, 

    y = TRUE)

Residuals:

     Min       1Q   Median       3Q      Max 

-1.42781 -0.29766  0.03477  0.34751  0.99775 

Coefficients:

            
              Estimate 
Std. Error 
t value 

Pr(>|t|)    
(Intercept) 
-3.17543    
0.66550  
-4.771 

3.83e-06 ***

WT           
0.44593    
0.05406   
8.248 

3.62e-14 ***

TRL         
-0.24921    
0.15194  
-1.640 

0.102738    

DEL          
0.49171    
0.11108   
4.426 

1.68e-05 ***

SCI          
0.67241    
0.53574   
1.255 

0.211107    

PWR          
0.12818    
0.04364   
2.938 

0.003751 ** 

DRT          
0.27081    
0.01832  
14.784  

< 2e-16 ***

PREF        
-0.17595    
0.09576  
-1.837 

0.067832 .  

PD           
0.10356    
0.06704   
1.545 

0.124206    

YOT          
0.17602    
0.09500   
1.853 

0.065584 .  

FAM1        
-1.15946    
0.24330  
-4.766 

3.93e-06 ***

FAM2        
-0.78011    
0.22825  
-3.418 

0.000784 ***

FAM3        
-0.49136    
0.21023  
-2.337 

0.020555 *  

FAM4        
-0.36779    
0.19468  
-1.889 

0.060501 .  

FAM5        
-0.25060    
0.21140  
-1.185 

0.237455    

DH1          
1.16006    
0.37837   
3.066 

0.002512 ** 

DH2          
0.89199    
0.28014   
3.184 

0.001718 ** 

DH3          
0.58539    
0.29926   
1.956 

0.052029 .  

MR2          
1.09207    
0.23131   
4.721 

4.77e-06 ***

MR3          
1.19216    
0.23506   
5.072 

9.94e-07 ***

MR4          
1.21107    
0.30611   
3.956 

0.000110 ***

MR5          
1.29913    
0.30929   
4.200 

4.23e-05 ***

MR6          
1.74988    
0.33413   
5.237 

4.62e-07 ***

MR7          
1.75650    
0.27725   
6.335 

1.92e-09 ***

---

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Residual standard error: 0.499 on 176 degrees of freedom

Multiple R-squared: 0.8715,     Adjusted R-squared: 0.8547 

F-statistic: 51.89 on 23 and 176 DF,  p-value: < 2.2e-16
2.  The Contractor shall present the CER analysis/supporting documentation in both electronic and hardcopy form to RAO at a meeting to be scheduled at Goddard Space Flight Center in Greenbelt, MD. The documentation shall include the methods, analysis and key considerations employed in fulfilling this task and any additional information as deemed necessary to convey complete understanding of model development for space flight hardware.
3.  The RAO Representative Database is structurally similar to those maintained by RAO and generally consists of cost data, spacecraft engineering parameters, technology assessment, schedule, scientific goals, etc, for numerous NASA space flight projects.   The RAO Representative Database (Microsoft Excel file) is available for download as an attachment. 
Possible Regressors of an RAO Representative Database

1) Weight  - The total dry weight of the Instrument measured at launch in lbs. (WT)

2) Mission Reliability –  Instrument reliability needed for the mission. With the least reliable categorized as MR1, and the most reliable as MR7 (MR1, MR2,…, MR7).

3) TRL – Technology Readiness Level.  Assigned values from 1 to 9. (TRL) 

4) Delivery – The time from PDR to instrument delivery (months) (DEL)

5) Science – Science objective with values of 1 or 1.15.  (SCI)

6) Design Heritage  - Instrument heritage with the least heritage categorized as DH1 and the most heritage DH4.  (DH1, DH2, DH3, DH4)

7) Peak Power – The peak power consumed by the instrument in watts. (PWR)

8) Maximum Data Rate – The instrument’s peak uncompressed data coming into the instruments sensor, expressed in kilobits per second. (DRT)

10) Performance – An after launch rating of the overall performance of the project team. The 1 represents the best performance and 3 the worst. (PREF)

11) Project Difficulty – An after launch ranking of the project difficulty.  Least difficult is 1 and the most is 5. (PD)

12) Year of Technology – Number of years after 1960 that launch occurs.

13) Instrument Complexity – Instruments are classified by their attributes (FAM1, FAM2,…, FAM6).
Deliverable

	Item
	Description
	Due Date
	Deliver to

	1
	Recommended CER and supporting analysis and documentation


	30 calendar days from Task Approval 
	GSFC RAO (COTR and Office Chief)

	2
	Presentation of Recommended CER and supporting analysis and documentation
	30 calendar days from Task Approval
	GSFC RAO (COTR and Office Chief)


Reference:  The RAO Representative Database (Microsoft Excel file) is attached and available for download.  
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