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Purpose
 
COST ESTIMATION AND PRICING SECTION 

This presentation will discuss the process and results of JPL’s 
calibration effort of TruePlanning ® and provide 
recommendations on how to use the results as well as lessons 
learned. 

This pre sentation will focus on five tasks of the calibration effort: 
 
1) Data Collection 
2) Data Analysis 
3) Model Calibration 
4) Analysis and Application of Results 
5) Findings/Recommendations 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 
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PRICE-HTM History at JPL
 
COST ESTIMATION AND PRICING SECTION 

•		 In 2002, N!S!’s Independent Program !ssessment Office (IP!O) began providing 
PRICE site licenses and jump-start funding to NASA centers 

•		 JPL began using PRICE HTM as a cross-check tool for our proposal and project 
grassroots cost estimates 

•		 As demand for the tool increased, JPL’s Cost Estimation & Pricing (CE&P) section 
commissioned a calibration of the tool in collaboration with PRICE Systems, the 
study provided: 
–		 Methodology for consistent application of the model to capture H/W subsystem design, 

fabrication and assembly & test costs 
–		 Validation of the above costs against the  JPL/NASA WBS (validated against Spacecraft 

H/W subsystem costs in WBS 06 and Project System I&T WBS 10) 
–		 A range of calibrated values for MCPLXS and MCPLXE 

•		 Under this paradigm: 
–		 JPL had subsystem MCPLX S/E complexity values established for each mission 
–		 MCPLX S/E values for new estimates were determined by direct analogy to a calibrated 

historical mission 
–		 Difficulty in scaling MCPLX S/E when analogy does not exists or when future mission 

does not fit one particular analogy 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 
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JPL has a long standing history with employing PRICE COTS models for 
developing validation and independent cost estimates 



     

  

  
  

  
  

    

   

   
  

   
  

 

   
 

 

 
    

     
   

Transition to TruePlanning®
 
COST ESTIMATION AND PRICING SECTION 

•		 With the introduction of PRICE TruePlanning® and new requirements to 
use PRICE TruePlanning® in the 2014 Discovery AO, JPL commissioned an 
update to its calibration: 
–		 The TruePlanning® calibration goals were as follows: 

•		 Calibrate each H/W subsystem using actual costs from a wide range of completed 
JPL missions  

•		 Create a consistent mapping of TP results to the JPL WBS 
•		 Provide guidance on the System and Assembly level inputs based on validation of 

the System and Assembly activity costs against applicable JPL WBS elements 
•		 Define MCPLX S/E based on commonly traded technical parameters 
•		 Allow for scaling between known technical parameters and MCPLXS/E values 
•		 Provide recommendations for JPL on primary and secondary inputs into 

TruePlanning® 

•		 This presentation will discuss Phase 1 of the JPL TruePlanning® Calibration 

5 

The Transition to TruePlanning® required JPL to recalibrate and 
validate the TruePlanning® model and align the results to our WBS 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 



     

 

    
 

   
  

  
  

   
  

   
   

   
    

    

  
     

    
      

   
     
   

 

 
 

 

 
 

     
   

Scope of the Data Collection for Calibration
 
COST ESTIMATION AND PRICING SECTION 

• Collected Cost, Programmatic, and Technical data on 5 completed JPL projects 
• Programmatic Data collected includes: 

– Mission/Orbit Type 
– Strategic / Competed/Technology Validation 
– Target Body 
– Launch date 
– Implementation mode/System Contractor 
– Mission Description 
– Design Life 
– System Dry Mass (S/C + P/L) 
– Number of Instruments 
– Type of Instruments 
– Total Payload Mass 

• Data points selected for calibration: 
– Include Planetary Flyby, Orbiters, and Astrophysics/Sky surveys mission types 
– Cover a variety of system contractors (BATC, Orbital, and LM) 
– Contain both Strategic and Competed Mission Types 

• Cost data collected covers Preliminary Design through Launch & Checkout  (Phases B-D): 
– Costs were normalized to FY15 dollars using JPL composite inflation index 
– Costs includes realized incentive fee and JPL overhead 

6 

The data collected covers a variety of mission types 
and implementation modes 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 



     

  

 

              

 
  

  

 

 

   
   

 

 

  

 

 

  

  

 

 

  

 
      

             

 
  

  

 

 

  
   

 

  

 
          

             

 
  

  

 

 

  
  

 

 

   

 

  

  

 

 

  

 

                

 
  

  

 

 

  

 

  

 
            

             

 
  

  

 

 

              

              

 
  

  

 

 

 

 
  

 

 

 

 

 

 

  

 

 

  

 

 

 

             

 
  

  

 

 

  
  

  

 

 

 

 

 

 

 

 

 
    

 
 

     
   

Technical data collected by Subsystem
 
COST ESTIMATION AND PRICING SECTION 

WBS 06.04 Power Subsystem 

Total 

Mass 
WS WE 

% Active 

Electronic 

Mass 

Solar Array Area 
Beginning of Life 

(BoL) Power 

Power 

Storage / 

Battery 

Capacity 

(Amp Hours) 

Number of 

Unique 

Boards 

Number of 

Total Boards 

WBS 06.05 Command & Data Handling Subsystem 

Total 

Mass 
WS WE 

% Active 

Electronic 

Mass 

Interface Type 
Number of Unique 

Boards 

Number of 

Total Boards 

WBS 06.06 Telecom Subsystem 

Total 

Mass 
WS WE 

% Active 

Electronic 

Mass 

Maximum Range 
Power Amp. 

Output 

Maximum 

Downlink 

HGA 

Diameter 

HGA 

Articulation 

Frequency 

Band (s) 

Number of 

Unique 

Boards 

Number of 

Total Boards 

WBS 06.07 Mechanical Subsystem + 06.11 Harness 

Total 

Mass 
WS WE 

% Active 

Electronic 

Mass 

Number of 

Mechanisms 

Number of 

Deployments 

WBS 06.08 Thermal Subsystem 

Total 

Mass 
WS WE 

% Active 

Electronic 

Mass 

Active/Passive RHUs 

WBS 06.10 Guidance, Navigation & Control Subsystem 

Total 

Mass 
WS WE 

% Active 

Electronic 

Mass 

Attitude Control 

Type 
Pointing Control 

Pointing 

Accuracy 

Pointing 

Knowledge 

Pointing 

Stability 

Number of 

Unique 

Boards 

Number of 

Total Boards 

Reaction 

Wheels 

WBS 06.09 Propulsion Subsystem 

Total 

Mass 
WS WE 

% Active 

Electronic 

Mass 

Propulsion Type 
Propellant Budget 

(Total Delta V) 

Propellant 

Budget 

(ACS) 

Specific 

Impulse 

Main Engine 

Rating 

ACS 

Thrusters 
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Possible technical drivers were collected for each of 
the spacecraft subsystems 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 



COST ESTIMATION AND PRICING SECTION 

JPL TP Calibration Overview 

Collect and review Cost, 

Technical, and 

Programmatic data for 

study dataset  

Apply MCPLXS & 

Calculate Results 

Document Approach 
Test estimating relationship 

against study data points 

May contain Caltech/JPL proprietary information and be subject to export control;  
comply with all applicable U.S. export regulations.  

Develop estimating 

relationships between 

calibrated MCPLXS values 

and technical drivers 
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Determine TP inputs 

based on available data 

Use TP Equipment Type 

generator to derive the 

MCPLXE value 

Calibrate for the MCPLXS 

value  

Determine mapping of  

Results/Costs to JPL WBS 

Total 

Validates? 

Yes 

Total 

Validates? 

Yes 

No 

Yes 

No 

No 

In certain cases, where the 

calibration did not close, a 

MCPLXS generator value 

was used. 

Element 

calibrates & 

value within 

acceptable 

range? 



     

   

 

  

   

   

      

    

    

    

    

    

    

   

    

      

    

 

    

   

  

  

  

   

   

   

 

  

 

  

  

   

  

  

  

 

   

    

    

     
   

Mapping TP Activities to JPL’s WBS
	
COST ESTIMATION AND PRICING SECTION 

TP Output JPL WBS 

• Project Initiation and Planning for Development 

• Project Management and Control for Development 

• Quality Assurance Management for Development 

• Configuration Management for Development 

• Vendor Management for Development 

• Documentation for Development 

• Requirements Definition and Analysis 

• System Design 

• Development Engineering 

• Development Manufacturing 

• Development Tooling and Test 

• Software Integration and Test 

• Hardware Software Integration and Test 

• Operational Test and Evaluation 

• WBS 01 Project Management 

• WBS 02 Project System Engineering 

• WBS 03 Safety & Mission Assurance 

• WBS 06.01 Spacecraft System Management 

• WBS 06.02 Spacecraft System Engineering 

• WBS 06.03 Spacecraft System Product Assurance 

• WBS 06.16.01 SC System Contract Management 

• WBS 06.16.02 SC System Contract System Engineering 

• WBS 06.16.03 SC System Contract Product Assurance 

• WBS 06.13 Materials and Processes: 

• WBS 06.14 Spacecraft System Testbeds: 

• WBS 06.15 Spacecraft Integration and Test: 

• WBS 10 Project Systems Integration and Test (ATLO) 

• WBS 06.04 through 06.11 

• WBS 06.16.04 through 06.16.11 

• HW Component Development Engineering 

• HW Component Development Manufacturing 

• HW Component Development Tooling and Test 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 
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Mapping 
COST ESTIMATION AND PRICING SECTION 

TP Product Breakdown Structure JPL WBS Mapping 

•		 SEIT Activities at top Assy 
Object (Flight System) map 
to Spacecraft SE and Project 
System I&T WBS elements 

•		 SEIT Activities at Spacecraft 
Bus map to Spacecraft 
System Contract SE and 
Spacecraft I&T WBS 
Elements 

•		 All H/W Level Activities map 
into respective Spacecraft SS 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 



     

 

 

             

 

 

 

             

  

 

   

    
       

         

         

          

            

         

        

         

                      

         

   

  
           

          

             

      

 

  
 

     
   

Validation of Mapped Cost Results
 
COST ESTIMATION AND PRICING SECTION 

JPL WBS # Description Mission A Mission B Mission C Mission D Mission E 

Average 

Estimate 

Delta 

Absolute 

Estimate 

Delta 

WBS 01-03 PM Management, Sys Eng'g, and SMA. -29% -36% 37% 60% 0% 6% 33% 

WBS 06.01- 06.03 & 

WBS 06.161-06.16.03 

Spacecraft and Spacecraft Contractor Mgmt., 

Sys Eng'g, and Prod Assur 
46% 71% -28% -33% -14% 8% 38% 

WBS  06.04 Power Subsystem 0% -3% 66% 9% -1% 14% 16% 

WBS  06.05 C&DH Subsystem 20% -1% 30% -11% -1% 8% 13% 

WBS  06.06 Telecomm Subsystem -10% -8% 1% -3% 0% -4% 5% 

WBS  06.07 Mechanical Subsystem (incl Harness) 0% 0% 0% 0% 1% 0% 0% 

WBS  06.08 Thermal 0% 0% 0% 0% 0% 0% 0% 

WBS  06.09 Propulsion N/A 0% 0% 0% 0% 0% 0% 

WBS  06.10 GN&C 58% 0% 52% 27% -1% 27% 28% 

WBS  06.11 Harness incl in 06.07 incl in 06.07 incl in 06.07 incl in 06.07 incl in 06.07 incl in 06.07 incl in 06.07 

WBS  06.12 Flight Software 0% 0% 0% 0% 0% 0% 0% 

WBS 06.13 -06.15 & 

WBS 10 
Spacecraft and Project System I&T -47% -1% -1% -4% 8% -9% 12% 

Total: 4% 0% 8% 0% -2% 2% 3% 

*

**

Values above in red font indicate those subsystem where calibration did not close and generator values were used to reflect appropriate complexity. 

 Flight software was handled as a pass-through using the software COTS object in TP 

All missions validate to within 10% of the total actual costs. 
However large deltas exists in certain  WBS elements.  

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 
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Steps for linking MCPLXS to Technical Drivers 
COST ESTIMATION AND PRICING SECTION 

• Export calibrated MCPLXS/E values from TP 

• Normalize technical data for consistency in units, 
values, etc., 

• Formatted data to TrueFindings® Input Format 

Format Data for Analysis 

• Analyzed data in TF to look for technical drivers that 
correlate to Manufacturing Complexity by subsystem Analyze Data 

• Look at descriptive statistics for regression analysis 

• Do the technical drivers and resulting equation make 
sense? 

Evaluate Reasonableness of 
Equation 

• Apply equation to calculate MCPLXS for subsystem 

• Use calculated MCPLXS value as input into TP 

• Validate TP Results against actual 

Validate Equation Results 

12 
May contain Caltech/JPL proprietary information and be subject to export control; 

comply with all applicable U.S. export regulations. 



     

   

 

  

     
   

Power Subsystem – Correlation w/ Tech Drivers 
COST ESTIMATION AND PRICING SECTION 

13 

MCPLXS is highly Correlated to Solar Array Area 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 



     

 

   
 

     
   

Power Subsystem Equation for MCPLXS
 
COST ESTIMATION AND PRICING SECTION 

• Polynomial Curve  R2 = .86 
• MCPLXS(Solar Array Area) 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 



     

   

 

 
     

   

Mechanical Subsystem – Correlation w/ Tech 

Drivers
 

COST ESTIMATION AND PRICING SECTION 

Number of Mechanisms and Number of deployments have a 
relationship with Mechanical MCPLXS 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 



     

  

 
  

 
     

   

Mechanical Subsystem Equation for MCPLXS
 
COST ESTIMATION AND PRICING SECTION 

• MCPLXS (#Mechanisms, #Deployments) 
• R2 = .78 

Using both # of Mechanisms and # of Deployments for the Mechanical 
equation improved the correlation statistics 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 



     

 

 

 

    
     

   

Thermal Subsystem
 
COST ESTIMATION AND PRICING SECTION 

• Measures of Central Tendency or Analogy 

Not enough data points to allow for filter on Active/Passive— 

Test Mean/Average MCPLXS 
May contain Caltech/JPL proprietary information and be subject to export control; 

comply with all applicable U.S. export regulations. 



     

   

   

     
   

GNC Subsystem – Correlation w/ Tech Drivers
 
COST ESTIMATION AND PRICING SECTION 

Pointing Accuracy has highest correlation to GNC MCPLXS 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 



     

  

    

     
   

GNC Equation for MCPLXS
 
COST ESTIMATION AND PRICING SECTION 

• MCPLXS(Pointing Accuracy)  R2 = .71 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 



     

    

 
 

     
   

Propulsion Subsystem – Correlation w/ Tech Drivers 
COST ESTIMATION AND PRICING SECTION 

• Correlations 

Propellant Budget and Specific impulse have a correlation to Prop 
MCPLXS 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 



     

 

  

     
   

Propulsion Equation for MCPLXS
 
COST ESTIMATION AND PRICING SECTION 

• MCPLXS(Propellant Budget, Specific Impulse) 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 



     

    

 

             

  

             

   

 

 

    
       

         

           

           

            

         

        

         

                      

         

   

  
           

          

 
   

     

   

    

 

     
   

Validation using Technical Driver equation to  predict MCPLXS 

COST ESTIMATION AND PRICING SECTION 

JPL WBS # Description Mission A Mission B Mission C Mission D Mission E 

Average 

Estimate 

Delta 

Absolute 

Estimate 

Delta 

WBS 01-03 PM Management, Sys Eng'g, and SMA. -29% -38% 36% 61% -2% 6% 33% 

WBS 06.01- 06.03 & 

WBS 06.161-06.16.03 

Spacecraft and Spacecraft Contractor Mgmt., 

Sys Eng'g, and Prod Assur 
46% 67% -29% -33% -15% 7% 38% 

WBS  06.04 Power Subsystem -6% 6% 54% 13% 3% 14% 16% 

WBS 06.05* C&DH Subsystem 20% -1% 30% -11% -1% 8% 13% 

WBS 06.06* Telecomm Subsystem -10% -8% 1% -3% 0% -4% 5% 

WBS  06.07 Mechanical Subsystem (incl Harness) 7% -13% 29% -4% -14% 1% 13% 

WBS  06.08 Thermal -20% 11% -27% 39% 11% 3% 22% 

WBS  06.09 Propulsion N/A -15% -2% -2% 22% 1% 8% 

WBS  06.10 GN&C 59% -6% 51% 28% -18% 23% 32% 

WBS  06.11 Harness incl in 06.07 incl in 06.07 incl in 06.07 incl in 06.07 incl in 06.07 incl in 06.07 incl in 06.07 

WBS  06.12 Flight Software 0% 0% 0% 0% 0% 0% 0% 

WBS 06.13 -06.15 & 

WBS 10 
Spacecraft and Project System I&T -48% -4% -4% -3% 6% -11% 13% 

Total: 3% -3% 7% 1% -3% 1% 3% 

*In Phase 1, a technical driver equation was not determined for  C&DH and Telecom, validation above uses the calibrated MCPLXS 

rather than the predicted for those subsystems. 

** Flight software was handled as a pass-through using the software COTS object in TP 

22 

The predicted MCPLXS factors validate well against actuals.  Overall 
estimate delta is < 1% and absolute estimate delta is <3%. 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 



     

 

  
   

    
    

 
  

  
    

 
 

    

 

  
 

   
  

   
  

 
 

     
   

Summary of the Phase 1 Calibration Effort 
COST ESTIMATION AND PRICING SECTION 

•		 Study developed a mapping for TP cost outputs/activities to the JPL WBS: 
–		 However, the mapped results of System and Assembly costs compared to the 

JPL WBS actuals are somewhat inconsistent: 
•		WBS 01-03 PM Management, Sys Eng'g, and SMA: 

–		 Two of the five data points have deltas of > -25% 
–		 Two of the five data points have deltas of > +25% 

•		WBS 06.01- 06.03 & WBS 06.161-06.16.03 Spacecraft and Spacecraft 
Contractor Mgmt., Sys Eng'g, and Prod Assur 
–		 Two of the five data points have deltas of > -25% 
–		 Two of the five data points have deltas of >+25% 

•		In all cases the SEIT costs at the Project and Spacecraft level offset each 
other which may point to a historical difference in our WBS mapping of 
actuals 

•		 Established guidance for primary and secondary inputs based on validated 
results 

•		 Derived estimating relationships tied to technical drivers for 6 out of the 8 
H/W subsystems 
–		 Results produced overall deltas of less than 10% of the actual completed cost 

in all cases 
May contain Caltech/JPL proprietary information and be subject to export control; 

comply with all applicable U.S. export regulations. 
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Future Work
 
COST ESTIMATION AND PRICING SECTION 

• Phase 2 of this activity will focus on collecting more technical data for 
several subsystems 
– Possible recalibration to MCPLXE where subsystems contain active electronics (Power, 

C&DH, Telecom, GNC) 

• May allow for better estimating relationships, specifically for C&DH and 
Telecom 

• Adding additional data points to the study 

May contain Caltech/JPL proprietary information and be subject to export control; 
comply with all applicable U.S. export regulations. 
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