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The aim of this master thesis is to increase the precision of the aircraft systems’ acquisition cost 

estimations required as input to the Saab in-house software employed in concept studies at the 

company. This is achieved by developing a systematic methodology based on parametric techniques 

for data collection, normalization and validation, resulting in a mathematical Cost Estimating 

Relationship (CER) between a technical parameter and the acquisition cost. The accuracy of the 

CER is evaluated through residual and confidence band-analysis.  

 

This paper is a summarized, de-classified version of the company confidential 82-page project 

report written at Saab. Confidential information such as numeric values, data sources and 

references are omitted and replaced by generic substitutes where necessary. 
 

 

Nomenclature 

 

Acquisition Cost = Purchase price 

BY = Base Year Dollars 

CER = Cost Estimating Relationship 

LCC = Life Cycle Cost 

NRC = Non-Recurring Cost 

OLS = Ordinary Least Squares linear regression 

RC = Recurring Cost 

Subsystem = A single component such as engine, radar etc. 

System = An assembly of several subsystems, e.g. landing gear 

USD = United States Dollars 

 

 

 

 

 

I. Introduction 

ost is of great importance throughout the entire life cycle of an aircraft. Most studies conducted so far within 

the field of aircraft cost estimation focus on the entire Life Cycle Cost (LCC) of an aircraft or subsystem, and 

thereby do not answer the question that the management at most companies ask; how much will this subsystem cost 

to purchase? The studies can answer questions like how much does it cost to produce this subsystem? or how long 

does it take to manufacture it?, but persistently avoiding the key issue, i.e. how much money the company will have 
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to spend on the acquisition of the subsystem. It is at that point this thesis separates from the previous studies, since 

here the focus will be on subsystem acquisition cost with the remaining parts of the LCC left as direct underlying 

factors.  

 

As implied above, this thesis aims to answer the first of the three questions, i.e. how much will this subsystem 

cost to purchase? and hence support and improve the input data to the Saab in-house software used for cost 

estimation in aircraft concept studies at the company. For this, a methodology ranging from data collection to 

acquisition cost estimation is to be developed and verified for use for all types of aircraft subsystems.  

 

Estimations are never exact. A major part of an estimation analysis is the succeeding error source determination 

and approximation which give the results and conclusions support and credibility. Quite a lot of effort is therefore 

put into the methodology verification, but due to the confidential costing data applied in the verification of the 

methodology, the chapter is held very brief an only includes a generic example. 

 

II. Cost Estimation Techniques 

Cost prediction is the process to estimate the cost of a unit or a system of units before all the phases from idea to 

physical product have been completed. As of today there exist several cost estimation techniques and classifications. 

The classic cost estimation techniques are, however, usually divided into the following three [1]; analogous, bottom-

up (or detailed) and parametric, and distributed over the LCC according to Fig. 2. The applicability of the three 

techniques is decided by the phase of the life cycle in which the cost estimation is performed. As illustrated in the 

principle sketch in Fig. 1, the degree of freedom of design is very large in the initial phase of the life cycle but 

decreases quite rapidly with time, rendering late design changes very costly. It is therefore of great importance to 

perform a thorough analysis on technical issues as well as costing early on in a project.  

A. Analogous Cost Estimation 

The estimating by analogy method employs the idea of comparison between similar systems. The expertise and 

knowledge of the person performing the analysis is of great importance. The estimator must correctly identify and 

adjust for the relevant differences between the baseline system and the system for which a cost estimate is desired. 

The analogous estimation process assumes further that the design organization and the compared systems are fairly 

similar what comes to design features and thereby renders the method rather useless when radical modifications or 

very new technologies are implemented. The main advantage of this method is that only the differences or 

evolutionary improvements between the compared systems have to be estimated, thus saving time and money. 

B. Bottom-Up Cost Estimation 

If the financial and labor resources are significant along with a requirement of relatively accurate cost 

predictions, the Bottom-Up estimation method should be employed. This technique requires a very detailed 

engineering analysis and access to precise design and configuration information, since every (or at least several) 

small part of the subsystem (e.g. turbine stages, materials etc.) is to be estimated separately. In addition to the 

technical design and configuration information, very detailed data on the manufacturing process, testing etc. is 

required.  
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Fig.1 Freedom of Design vs. Cost. 

C. Parametric Cost Estimation 

This method of predicting the cost of a system is based on statistical techniques which have a dependent variable 

(in this case cost) as a function of one or several other independent variables such as component mass, power output 

or more abstract ones as for example the degree of complexity. Parametric estimation requires, however, a vast 

database of historical data and cost information. Furthermore, one should be careful when predicting the future with 

conclusions solely based on parametric estimation, due to the effect of experience and increase in know-how. A 

direct consequence is the requirement of experience curve analysis.  

 

 

 

Fig. 2 LCC with cost estimation techniques. 

 

III. Methodology 

The development of a methodology for cost estimation is a daunting task which has historically often been 

carried out according to one of the three classic methods described above. Regardless of the chosen method, one will 

require input in form of technical data, cost information, production quantity etc. in order to create dependencies and 

relationships between the cost and its drivers. Such a dependency in parametric cost estimation is the CER, or Cost 

Estimating Relationship, and can be defined as a mathematical expression, which describes how the values of, or 

changes in, a dependent variable are partially determined, or driven, by the values of, or changes in, one or more 

independent variables [2].  
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The dependent variable of a CER is typically cost, whether in a specific currency as USD or a more general form 

such as work hours or man-years. The independent variable, on the other hand, gives input to the analysis in form of 

technical data which is predicted to correlate with the dependent variable.  

 

 The CER development is an iterative and time consuming process which requires not only contacts within the 

financial department of a company but also fairly extensive mathematical skills in statistics and numerical methods 

and regression analysis to be able to categorize, normalize and evaluate the wide spectrum of collected information 

within adequate reliability. The CER development process employed in this thesis is heavily influenced by the one 

presented in ISPA’s handbook for parametric estimation, from where the schematics in Fig. 3 is also obtained.  

 

 

 
 

Fig. 3 CER development process. [2] 

 

 

Even though the correlation or relationship between two, three or more parameters is found and visualized in the 

form of a graph, it is not given that a cause-effect relationship between the parameters is present. In other words, the 

cost of a subsystem may be well correlated with, say the mass of the subsystem, even though the mass itself is not 

the cost driver, but a secondary effect of other underlying factors such as number of components. Nevertheless, 

keeping in mind its limitation, this type of correlation may still be significant in design cost estimations and should 

not be automatically rejected.  

A. Data Collection 

The collection of input data and information is here divided into two major groups; cost data and technical data. 

The latter of the two offers a much wider range of possible sources and unclassified information, often even at very 

high levels of reliability and accuracy (manufacturer’s datasheets and brochures).  

 

Cost, or acquisition cost as in this case, is, however, mostly a result of tedious discussions and negotiations 

between the manufacturer and financial department at the current buyer and therefore of relevance only to the 

specific company. Furthermore, the definition of acquisition cost is very inaccurate and often even lacks information 

regarding what is included and excluded. To further confuse the estimator, the costing information and prices 

naturally originate from a great span of years and requires adjustment to a common base year (BY) to be able to 

include in the set of data used for further analysis. This normalization process compensates mainly for currency 

inflation but also for the learning factor.          

 

In an ideal situation the cost input data should be adjusted not only to compensate for the variation in the 

monetary value, but also include social anomalies such as natural disasters, employee strikes etc. This high level of 
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detail in normalization automatically increases the size and accuracy requirement of the sources and their data, and 

must therefore often be included in the error margin.  

 

Today the largest, most updated and easily accessible free source of information is the Internet. Surrealistically 

enough, its major advantages are also the ones contributing heavily to the great disadvantages as the often very low 

credibility and correctness of the data as well as the absence of factual objectiveness due to political propaganda or 

market manipulation. Nevertheless, the Internet’s usefulness, especially early on in the parametric cost estimation 

process, should not be neglected, since with a careful approach the estimator can obtain relevant technical data from 

reliable sources such as manufacturers’ datasheets etc. Relevant input on acquisition cost, though, one will not find 

online due to its company-specific nature as discussed above.  

 

Another source of information to a study of this kind, especially when cost is one of the ingoing variables, is the 

own company with its various departments and field specialists. The financial and business department often holds a 

list or database with historical LCC information covering at a minimum the aircraft systems applied in previous 

projects and designs at the company. Furthermore, cost information on present and future systems may be gathered 

as well, assuming active designing and development. 

 

Technical data and details are usually more easily at hand, compared to information on cost. The mentioned field 

specialists often have thorough information on present and future technology, not only at their own company, but 

also at the competitors and are thereby key sources for a parametric study of this kind.  

B. Normalization Process 

Since the aim of this thesis is to support the estimation of acquisition cost of all types of subsystems in an aerial 

vehicle, the employed normalization processes vary extensively depending on the currently relevant variable. As an 

example thrust is an important variable to include when analyzing engines but of no relevance when the focus is on 

radars or cabin pressurization systems. It is therefore beyond the scope of this thesis to propose and describe specific 

mathematics for each and every independent variable, and a restriction to a general level in description is made 

where technical details are omitted.  

 

 

The dependent variable, the acquisition cost, is, however common to all subsystems and its normalization is 

consequently described more thoroughly. The collection of cost data should be adjusted for primarily three 

problems: 

 

 Variation in monetary value over time, i.e. inflation 

 The effect of learning 

 Complexity and its magnitude 

 

Inflation is defined as the decrease in value of money over time, and must be identified with care due to the often 

diffuse distinction from the three remaining factors. Through extensive and accurate historical records of economic 

growth, the inflation can be relatively accurately and comfortably estimated with free online converters.  

 

In order to obtain comparable data, a Base Year (BY) for all cost information must be set. Since the 

methodology described in this thesis shall be applicable in the past, present and the future, the choice of BY is of 

minor importance. Here the year 2000 is set as BY. 

 

The number of produced units, the production quantity, plays a significant role when predicting the effect of the 

learning factor on the subsystem’s acquisition cost. The decrease in production cost for a specific subsystem, as for 

example an aircraft engine, is normally quite substantial between the prototype and the, say, 1000
th

 unit produced 

and is therefore to be included in the normalization process. With other words, a prototype engine’s acquisition cost 

can hardly be compared with ones resulting from a production line consisting of hundreds or even thousands of 

units. Or to further complicate the analysis, a comparison between a prototype and a series-produced engine with 

two or three earlier generations already on the market is more or less useless. 
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As with general cost information, the number of produced units of an aircraft subsystem is very difficult to get 

hold of, partly due to manufacturer confidentiality but mainly because of the often very broad family (e.g. 

generations) of more or less similar units. It is fairly straightforward to find open information on for example which 

engine type is propelling which aircraft, but converting this to comparable data to an analysis of the nature presented 

in this thesis is almost impossible due to aircraft-specific modifications, integration solutions and performance 

adjustments.  

 

The effect of the learning factor is closely related to the so called learning curve and experience curve. The 

learning curve can be generally defined as the increase in learning with gained experience while the experience 

curve, somewhat idealized, mathematically describes the decrease in unit related costs (production, marketing, 

distribution etc.) as the production line quantity increases. In other words, the experience curve states the percentage 

change in cost per unit when the quantity of produced units is doubled.  

 

In practice, however, the estimator seldom has to manually implement the experience factors as given above, 

thanks to the very complex and deep-going commercial cost estimation tools. These programs assist and recommend 

fair approximations based on a variety of input parameters compiled by the estimators, which yet again highlights 

the importance of a vast width of seemingly “irrelevant” technical and historical data.  

 

The fourth and final of the major issues to keep in mind when adjusting collected data, is the engineering 

complexity and the magnitude (e.g. mass) of the subsystem. The complexity is driven by the difficulty of performing 

a task or to produce the subsystem. The cost also correlates with the magnitude of the subsystem, often mass within 

aerospace systems. The assessment of both these parameters is supported by the estimator’s parametric tools. 

C. CER Development 

The basic idea of parametric cost estimation is curve-fitting with a suitable type of regression, in other words, to 

find the “minimum-error-equation” to describe the curve connecting the input data points on the plot. The principle 

is fairly old and far developed with multiple methods at hand today.  

 

Before the analysis of best suiting regression type is initiated, one should plot the normalized input data points to 

obtain an overall view of the distribution of the data. The idea here is, in addition to getting a hint of a plausible 

regression type, to identify any deviant points and in such a case subject these for deeper analysis and scrutiny. Even 

though normalization of the raw input data has already been performed, there might exist irregularities that require 

further explanation or in some cases even data point deletion. Primary focus ought to lie on technical properties such 

as materials used, number of compression stages implemented in a jet engine etc., yet not disregarding the more 

social issues as the possibility of “unexplainable” differences as varying profit margins between manufacturers or 

political and economic anomalies in society. More on this further down in this chapter. 

 

The oldest and by far the simplest method of regression analysis is the Ordinary Least Squares linear regression 

(OLS), which can be found in practically all university textbooks on statistics and numerical methods. If the current 

set of data points is obviously non-linear, the OLS method described below will, however, not be sufficient. In such 

a case the first hurdle is to determine which type of equation is the most suitable one to apply. It is often enough for 

the estimator to plot the data points in an ordinary Cartesian coordinate system and with a little mathematical 

experience he will recognize the type of equation most suitable for regression analysis.  

D. Company Comparison 

It is often of major interest to have an overall view of the acquisition cost deviation between the various 

manufacturers. The basic idea is to compare the vertical (acquisition cost) distance between a data point and the 

applied regression curve (CER) and by doing so acquire a feeling of the “unmotivated” price differences 

manufacturers between. The compiled data and the developed mathematics leading to the result generically 

illustrated in Fig. 4, are company confidential and thereby left out in this paper.  
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Fig. 4 Generic company comparison. 

 

IV. Methodology Verification 

The development of the methodology is the result of a fairly extensive iterative process performed, for time-

saving purposes, in parallel with the data collection and normalization of engine-specific information. The 

assessment of the methodology’s overall applicability and effectiveness is analyzed in this section with the use of 

one subsystem, namely the propulsion unit. This part of the methodology is also the most heavily influenced by 

mathematical calculations (regression analyses, confidence bands etc.) which are, in this paper, omitted due to the 

very restricted space.  

 

 

 
 

Fig. 5 Generic linear CER with confidence band. 
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V. Results 

The set aim for this thesis; to be able to more accurately predict the acquisition cost of an aircraft subsystem, has 

been reached. The result consists of two parts, the methodology as described below and concretized in a company 

confidential handbook. The final methodology is also described stepwise below, with a reference to earlier sections 

of this thesis for further details. 

 

1) As an aircraft subsystem desired for cost analysis has been chosen, the first step of data collection is 

initiated. The estimator is to conduct a broad and objective collection of technical information as 

performance, size and weight together with more abstract information as level of complexity and 

company specific experience factors. The second phase of the data collection is the very difficult task 

of finding relevant pricing information. The main sources are the in-house economical department and 

the Internet.  

 

2) When the estimator feels confident with the gathered input data he moves on to the normalization 

stage of the procedure. Here he is to adjust the acquisition costs according to monetary inflation, while 

the technical data is converted to more comparable units (e.g. SI-metric). Another important parameter 

to analyze here is the production quantity of the current subsystem. At this point the more deep-going 

analyses should be limited to units with known acquisition cost, since the ones without will not 

contribute to the later CER development and will from here on be omitted. The fourth, and final, 

factor to include in the normalization step is the assessment of the engineering complexity.  

 

3) The success of the third step is highly dependent on the experience and subsystem-specific expertise 

of the estimator. It is now the decision is made, which technical parameters are to be considered 

plausible cost-drivers and thereby included in the next step. 

 

4) Now plots are generated to get an overview of the distribution of the data points. A minimum of one 

plot per technical parameter (of the plausible ones from step 3) should be produced.  

 

5) As the relevant plots have been generated, the development of the Cost Estimating Relationships 

(CERs) may be started. The task here is to find the proper mathematical expressions to describe the 

data point distributions as accurately as possible. Some of the plots may not show an obvious type of 

best-regression curve and therefore require comparison between possibly a couple of regression 

curves (e.g. linear and logarithmic). The accuracy is in this thesis estimated by calculating the 

residual, or R
2
-value, of respective curve. The highest R

2
-value gives generally the best CER.  

 

6) The chosen regression curve is now completed with a suitable confidence band, giving the final CER 

additional credibility and applicability. At this stage, only a procedure for creating linear regression 

curve confidence bands is included. Refer to Further Work for suggestions on future improvements 

within the confidence band-employment.  

 

 

VI. Conclusions and Further Work 

The resulting methodology from this master thesis project is considered to meet the preset requirements at an 

acceptable level of accuracy and applicability. However, studies including parametric cost estimation are always 

tightly associated with irregularities and inaccuracies in the collected input data, which sets additional requirements 

on result verification and precision analysis. Nevertheless, sources of error will always be present and allow only to 

be highlighted for future users.  
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Firstly, studies on costing, and especially acquisition costs, are always highly counteracted by the confidential 

nature of pricing information due to manufacturers’ rivalry etc. Another major hurdle in acquisition cost data 

collection is the definition of the cost, which can vary tremendously between companies and even information 

sources. It is more or less an impossible task to determine the specific definitions and often even to group them in 

somewhat comparable groups.  This is not a surprising consequence, though, since deals and orders are always 

custom-fitted for each specific customer
2
 and adjusted according to their needs and implementation requirements.  

 

Furthermore, is the ever present supplier profit margin impossible for an outsider to estimate which lowers the 

accuracy of the CER. In this thesis the idea was to get an appreciation of the size of the average company profit 

margin by plotting the average residual deviation from the regression curve for respective manufacturer as 

illustrated in Fig. 4. Even though the companies above and below the market index can be easily identified in the 

plots, the estimator can never be sure that every underlying technical, economical and even sociological factor has 

been taken into account.  

 

It is not only the error sources in pricing information that contribute to the rather high level of inaccuracy in the 

CERs (even though it is unquestionably the most dominating one), also the collection and normalization of technical 

data have their uncertainties. First of all, the announced parameters can often be expressed in a number of generally 

accepted units, which can in some sources be considered self-explanatory or even obvious, and consequently lead to 

confusion. It is therefore crucial for the estimator to keep close track of the raw input data for future verification and 

improvement.  

 

Secondly, the normalization process itself can affect the reliability of the resulting CER negatively, if the 

estimator does not ensure that the same conversion numbers are applied to all used data. An example is thrust 

normalization from imperial units to metric units where various slightly different definitions for a pound exist. It 

should, however, be remembered that deviations of this nature are practically negligible in comparison to the 

problems with cost data collection discussed above.  

 

The methodology created in this thesis is meant to be the subject of further development and improvement in the 

future in order to widen the applicability and increase the precision of the output (CERs). One of the larger 

restrictions present in this first prototype is the incapacity to produce confidence bands for non-linear CERs. 

Another limiting quality is the employment of only singular parameter relationships and thus leaving out the 

possibility of multiple parameter relationships as for example the relationship between engine thrust, BPR and 

acquisition cost.   

 

After all, it shall be remembered that the process of normalization and accuracy evaluation only has an effect on 

the collected data and does not assess the possible error sources beyond that. In other words, the values of the input 

parameters stated on the Internet etc. cannot be verified and hence contribute with an unknown factor of uncertainty. 

The usefulness of the long-going discussions about the mathematical accuracy of the CERs is thus questionable and 

ought to be put into relation with the mentioned inaccuracies of the collected data.  

 

Concept studies of this kind are yet today far from objective and require a very significant contribution and 

adjustment by the estimator, who must possess a tremendous experience and knowledge within the field of costing 

estimation together with technical knowhow of each analyzed subsystem. With this thesis none of these 

prerequisites have changed. Nonetheless, with the aide from the methodology presented, he is now equipped with a 

larger and better toolbox to produce the necessary input values required by the estimator’s software package.  

 

There still remains further development work to be performed on the presented methodology and its verification. 

As discussed briefly above, the lack of confidence bands for non-linear CERs is one of the fairly large restrictions 

which should be removed in the future. The author made a quick and overall study of non-linear confidence bands, 

only to realize their great complexity and thus inapplicability to this thesis with the set scope and schedule. The 

study suggested, however, the use of so called Working-Hotelling Confidence Bands. Since this method is already 

incorporated into MATLAB, a possible future challenge could be to automate the generation of (all) confidence 

bands and thereby make the CER development-phase more efficient. 
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The division of various manufacturer in-house cash-flow; development costs, production costs, profit margins 

etc. are also quite interesting for acquisition cost estimation in a more distant future. At this point, only the profit 

margin has been analyzed to some extent but is far from an acceptable level of accuracy. There is simply no method 

at hand today for an outsider to distinguish the manufacturer’s profit margin from other acquisition cost drivers such 

as production costs. Development of a methodology for this, together with a suggestion of implementation to the 

general acquisition cost estimation methodology would most probably increase the CER reliability significantly. 

 

The present restriction of leaving out the possibility of multiple parameter relationships in the CER development 

is seen as one of the most urgent problems to focus on in further development work. It is a qualified hypothesis to 

expect an inter-connected correlation between technical parameters.  

 

When comparing the company-specific acquisition costs to each other, as suggested in the chapter Company 

Comparison, it shall be remembered that the definition of the acquisition cost (i.e. what is included; maintenance, 

warranty etc.) as well as the possibly varying life cycle costs such as fuel consumption etc. have major effect on the 

total long-time costs to the buyer/operator. As an example, an engine could be very cheap to purchase but expensive 

in the long run due to high fuel consumption or maintenance requirements, rendering the initially assumed cheaper 

engine the most expensive one. These issues should therefore be carefully investigated prior to drawing any 

conclusions on pricing. At this point, however, such a procedure is not included in the methodology and is left as 

possible future work.   

 

The quite important factors adjusting the CER according to complexity, technical level of readiness and 

experience effects are left unimproved, due to lack of time and limitations in the size of a master thesis. They are 

thereby still heavily influenced by the estimator’s valuable experience, his know-how acquired through several years 

of estimation work and technical specialist support. In order to make the methodology available for more novice 

estimators, focus ought to be put in the future on developing more objective and automated methods of assessing the 

factors.  

 

Even with all the suggested improvements above, the inaccuracies in the raw input data remain. As mentioned 

earlier, the underlying sources of error in manufacturer datasheets, technical databases etc. are ever present and can 

never be eliminated completely. They are simply factors out of reach for an outside estimator. Nevertheless, the 

positive effect of the further work proposed above should not be depreciated, since even though perfection cannot be 

reached, the general applicability and accuracy would most probably be increased.  
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