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I.  Introduction 
ADOpT (Aircraft Design and Optimization Tool) is a Java-

based desktop application developed at the University of 
Naples Federico II, conceived as a fast, reliable and user 
friendly computational aid for aircraft designers in the 
conceptual and preliminary design phases. The ultimate goal 
of such a tool is to perform a parametric, multi-disciplinary 
analysis of an aircraft and then search for an optimized 
configuration. The search domain boundaries are usually 
defined by the user through a set of specifyed parameters. 

The aircraft design process is well described in many 
books [1-7] that represent a fundamental know-how for 
engineers and professionals in the activity of design of 
airplanes. Since the end of 80’s many software dealing with 
aircraft design (some of them based on the previous cited 
references) have been produced with the aim of having some 
design framework to be used for teaching and professional 
purposes in aircraft design [8-12]. Some new software [11, 12] 
have recently followed innovative approaches considering 
concepts like KBE (knowledge Based Engineering) and MDO 
(Multi-Disciplinary Optimization), have highlighted the 
necessity of an efficient graphical user interface and the 
importance of making the application results easily exploitable 
with external software. In the last decade the authors have 
been working on the development of a software tool for 
aircraft design named ADAS (Aircraft Design And Synthesis), 
to be used mainly for teaching purposes [13]. The software has 
been developed in Visual Basic making extensive use of an 
efficient and easy graphical user interface; also, it has been 
recently used in collaboration with other scientists for aircraft 
design application [14]. The development of ADAS provided 
a significant amount of experience in several fields, including 
software engineering, I/O best practices, GUI design and 
usability.  
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The software presented here is an extended version of 
ADAS entirely rewritten in Java and designed for industrial 
purposes. The choice of the programming language was driven 
by several considerations. These include the following: 

 the language should be widely supported; this to avoid 
the case of many valid aircraft design applications and 
libraries that became obsolete due to the aging of the 
programming language used to build them; 

 the language should promote the use of open source 
libraries, especially for I/O tasks and for complex 
mathematical operations; 

 the language and the companion IDE should provide a 
widely supported GUI framework and a GUI visual 
builder; 

 the language should  support and promote modularity. 

The Java programming language meets all these 
requirements: it is backed by Oracle and by a huge community 
of developers so it is continuously updated (Java 1.8 and 
JavaFX). Also, advanced and free IDEs (such as Eclipse or 
Netbeans) allow programmers to streamline and simplify the 
development process. In particular, the Eclipse IDE and the 
SWT/JFace libraries have been chosen to develop ADOpT and 
its GUI.  

Being Java a pure object oriented programming language, 
it greatly encourages and simplifies modularization. Each 
module (package) can be programmed quite independently so 
that it is relatively easy to divide the work among several 
programmers. This is essential since the amount of classes and 
calculations needed to abstract, manage and analyze the entire 
aircraft is very large (presently the whole project counts about 
56000 lines of code). For such a reason the establishment of 
common practices and the adherence to fundamental principle 
of software development (Don’t Repeat Yourself, Separation 
of Concerns, Agile software development) are equally 
important.  

An important design requirement of ADOpT is related to 
its interoperability with other engineering analysis tools. In 
fact, the application can be easily integrated into a 
comprehensive aircraft optimization cycle. This is made 
possible because ADOpT can be launched both in GUI and 
command line mode. Much care has been given to 
input/output and configuration files to increase the possible 
uses of the software.  

Some of the complexities of modern aircraft design are 
shown in the flow chart of Fig. 1, which summarizes the 
conceptual application domain of the software presented here. 
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The user/designer inputs include the external shape parameters 
of airplane’s wings, fuselage, and tailplanes. These are passed 
to the analysis modules of ADOpT and a number of outputs 
are calculated. The design cycle is closed by applying a set of 
criteria that check if the design requirements are met. 

Currently, the software is able to estimate the aircraft 
weight breakdown, the center of gravity location, the main 
aerodynamic parameters, and the stability derivatives. All 
these types of estimates can be usually performed using 
several interchangeable analysis methods. Extensive work has 
been performed during the early development stages to 
validate all the results returned by analysis modules of the 
application. 

 

Figure 1.  ADOpT calculation modules 

II. Software architecture 
The core of the ADOpT application is based on a set of three 

fundamental groups of Java classes. An important class is the 

one that manages the build-up of each single aircraft. A class 

hierarchy is designed to manage each aircraft subcomponents. 

A third fundamental class takes care of executing the required 

analyses (weight/balance, aerodynamic, structural, etc.) on 

each selected aircraft. Finally, all the objects forming an 

aircraft and its related analysis results are then collected and 

managed by a top level executive class. 

A. The top level executive class 
This class contains key methods and object for managing the 

application execution both in GUI and no-GUI mode: 

 the main method; 

 the methods needed to start the Graphical User 

Interface; 

 a command line parser object and a command line 

options object in which are defined all the available 

command line options; 

 a list containing all the aircraft created by the user; 

 a list with all the operating conditions the analysis has 

to be performed at; 

 a list with the performed analyses; 

 an aircraft management object, an operating condition 

management object and an analysis object; these 

contain the current selected aircraft, the current 

operating conditions and the current analysis results. 

The methods for starting the application in the GUI mode 

are defined in this class but the layout of each window is 

defined in the classes contained in the GUI package. 

 

B. The aircraft management class 
The aircraft management class is of paramount importance for 

the application. The main tasks of the class are: 

 providing all the data of the current configuration to 

GUI related classes; 

 providing a way to make any component aware of the 

existence of any other component and access its data; 

 enabling the user to add or remove some components 

to/from the current configuration; 

 providing a way to serialize all the data contained in 

the application. 

When creating an aircraft object the user developer has to 

specify which components he/she wants to create (e.g., the 

fuselage, the wing etc.); each component is initialized with 

default values. The simplest way in which the default values 

can be overridden is by importing an XML file with custom 

data. 

C. The analysis management 
This is the class which is in charge of running the different 

types of analysis. The proper execution of an analysis requires 

creating an aircraft object which, together with the operating 

conditions, provides the data necessary to perform the 

computations. The class has a self-contained method for each 

type of analysis (e.g., weights, aerodynamics) which in turn 

calls all the methods necessary for a successful computation. 

The geometry related calculations have been put in the 

constructor since geometrical parameters are needed for each 

type of calculation; for such a reason the evaluation of any 

quantity should always be performed through an analysis 

object. 

In order to obtain a reliable estimate of an aircraft MTOW 

(Maximum Take Off Weight), each component weight has 

been evaluated. An extensive literature study [1-7] has been 

carried out to find reliable weight estimation methods. To 

understand which methods were most reliable, each one's 

result has been compared to the component actual weight in 

order to evaluate relevant statistical indexes using aircraft data 

taken from literature. The analysis has been extremely useful 

to choose a set of methodologies and formulas to be used for 
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the weight estimation of a single aircraft component. The final 

method for estimating a component weight is usually the 

average of the methods which were found to be the best with 

respect to the statistical indexes; it is also possible to choose a 

single method instead of taking the average value. 

Aerodynamics surely is one of the most important drivers 

for aircraft design. Great care has therefore been paid to 

aerodynamic calculations. The authors at Department of 

Industrial Engineering of University of Naples have been 

working in activities addressed to aircraft aerodynamic design, 

like [15]. New methodologies to predict aircraft aerodynamics 

[18-22] have been recently investigated and experimentally 

validated through flight test activities performed on several 

light aircraft [16, 17]. These methodologies and have been 

applied in [23-25] and implemented in ADOpT.  

D. Aircraft subcomponent classes 
Since a lot of parameters have to be estimated in a single 

aircraft analysis, a rather nested structure has been designed to 

organize such computations. Each component’s classes are 

grouped in a dedicated package. Each package typically 

contains: 

 a main class; 

 analysis classes; 

 component specific classes. 

Main classes hold the set of parameters that have been 

chosen to describe the specific component; such parameters 

can be easily accessed through an instance of the class 

wherever a valid one is available. This class is usually derived 

from an abstract component superclass, in which some 

variables that are common to each component are declared: 

the component’s origin coordinates in the ACRF (Aircraft 

Construction Reference Frame), a name, a description and the 

component’s type defined through an enumeration. The 

abstract component superclass has been also useful for 

defining the methods common to all the components. Each 

component main class is obviously different from the other 

ones; however they share some important characteristics: 

 the input parameters are always stored inside the 

main class; 

 there are no derived parameters (e.g., aerodynamics 

ones) except for derived geometric parameters; 

 each main class provides access to all the classes in 

the component’s package, that is, their instances are 

created in the component's main class and nowhere 

else; 

 each main class does not contain inner classes. 

Analysis classes hold the results of the analysis and the 

methods necessary to evaluate them. There is usually a class 

for each type of analysis, that is, aerodynamic calculations are 

placed in a class, weight calculations in another and so on. 

Many quantities (e.g., the aircraft zero-lift drag coefficient 

CD0) can be evaluated using several different methods. For this 

reason all analysis classes are organized as follows: 

 methods related with the evaluation of a specific 

quantity are usually contained inside an inner class. 

Each class usually contains a Map of methods which 

associates the method name to the value provided by 

the use of that method and a member function for 

each method; each function has to populate the Map 

with the proper key-value pair. Finally, a member 

function allows the user developer to call all the other 

member functions so that the results of different 

methods can be compared. Eventually, for those 

methods which have a complex structure, a dedicated 

inner class has been created to hold them; 

 an instance of each quantity related class is initialized 

inside the constructor of the analysis class. This way 

the user developer can calculate one or more 

quantities by simply accessing to the related object 

using the getter methods; 

 a method allows to execute all the functions 

contained in the class. This way, the user developer 

can execute all the available methods of the desired 

analysis field. 

III. Software usage scenarios 

A. Execution modes 
ADOpT can be launched as a command line tool or used 

interactively through its dedicated graphical user interface. 
The command line running mode is designed for use in 
optimization loops typical of aircraft preliminary design (see 
Fig. 1). 

When launched in GUI mode, the software tool gives to 
the user an immediate feedback about the aircraft features 
when input parameters are changed interactively. More than 
one airplane can be managed simultaneously by the 
application, and the analysis results on all selected design 
configurations can be compared side by side.  

 

Figure 2.  Two (or more) different components (eventually belonging to 

different aircraft) can be opened and managed through the application 

frontend. 
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The GUI features a 3D viewer widget showing the CAD 
model of the aircraft, which is generated using the well known 
Open CASCADE Technology libraries [26]. The CAD 
representation can be eventually exported in various file 
formats for further usage in other CAE applications. 

B. Input and Output files 
Regarding the Input/Output capability of ADOpT, the 

application accepts configuration files in XML (eXtensible 
Markup Language) format and exports the results on file in 
two possible formats: XML and Microsoft Excel (XLS). An 
example of output in Excel format with results of four 
different analyses on four different airplanes is shown in 
Fig. 2. 

The XML input files are also used in interactive work 
sessions to import a predefined aircraft and populate the GUI 
controls accordingly. The entire application status can be 
saved to a XML file generated through the XStream library 
[27] which provides serialization and deserialization functions; 
this file can then be used to restore the application status at a 
later time. 

Figure 3.  The weights breakdown sheet obtained as output after a batch 

analysis. 

IV. Interoperability with other 
analysis tools 

The ADOpT application can also be used as a basic 
parametrical CAD modeler to explore new designs.  

 
Figure 4.  A Fokker 100 CAD model generated by ADOpT, as seen from the 

application 3D viewer window.  

The capability to change the aircraft geometric parameters 
using the dedicated controls in the GUI, coupled with the 3D 
viewer widget, gives the user the possibility to change each 
component shape and dimension, view the updated CAD 
model and eventually export it to file once some satisfactory 
results have been obtained. The CAD model can be then used 
to further study the aircraft in a CAE suite (see Fig. 4). 

 

Figure 5.  The Velocity magnitude over an ADOpT-generated Fokker 100 

CAD model obtained using the STAR-CCM+ suite. 

Most of the existing aircraft design software cannot be 
easily integrated in a comprehensive development cycle due to 
the lack of standard input/output files and of a command line 
mode. For such a reason the ADOpT application provides 
several possibilities: 

 to read from and write to a standard format named 
CPACS (Common Parametric Aircraft Configuration 
Schema); this interchange format comes from a recent 
European effort for the standardization of aircraft 
abstraction model [28]; 

 to write a Datcom [29] input file; 

 to write a FlightGear/JSBSim [30] input file. 

These capabilities will likely extend both the possible 
usages of the application and its lifespan. 
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V. Conclusions 
An aircraft design and optimization desktop application 

written in Java has been introduced. The adoption of 
established software engineering practices, the use of 
advanced development tools, and concurrent development 
enabled the developer team to build a feature-rich application 
in a relatively short period of time. As of its design, the 
application is easily maintainable and extendable. The 
cautious choice of software dependencies and the number of 
features implemented will likely extend both the possible 
usages of the program and its lifespan. 
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