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(ABSTRACT) 

This thesis discusses the research and development of a program to aid 

the aircraft designer with determining the pilot's visual acuity. The discussion 

involves the use of Object-Oriented programming, the use of a graphical user 

interface based upon the graphics standard PHIGS (Programmers Hierarchical 

interactive Graphics System) and the integration of this Pilot's View Module with 

an existing aircraft CAD (Computer Aided Design) program known as ACSYNT. 

The result is a program that lends itself to reuse and easy modification and is 

device independent. The main purpose of the pilot's view module is to provide 

total vision plots for the pilot in accordance with the military standards as stated in 

the document 850B. These standards include visibility design goals for several 

types of aircraft as well as methods for calculating and presenting the vision plots. 

The integration of the pilots view module with ACSYNT affords the designer the 

ability to examine the trade-offs associated with a particular cockpit design and 

the performance of that design within one CAD program. 
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1.0 Introduction 

From the earliest of times, people have held the occupational title of 

“Engineer.” They might not have had this title on their business cards, but when 

we look back at what they accomplished, they definitely deserve the title of 

engineer. What's most impressive is that over the years, these engineers had to 

use primitive tools to visualize their designs, from the earliest caveman who 

painted a vision of a wheel on the cave wall with paint made from the juice of wild 

berries to the Egyptian pyramid builders who used stone tablets to record pictures 

of their visions. With the advancement of technology, these tools of visualization 

have improved slowly over the years and in the early 1950's when computers 

became the tools of choice, the first, albeit primitive, computer aided design 

programs became available. These CAD programs have revolutionized the way 

engineers approach the problems they face. 

Most engineers would say that the engineering design process can be 

broken down into three steps: conceptual design, preliminary design, and final 

design. Before the advent of CAD software, most of the design work would be 

done by hand, on paper. When a change in the design occurred, the entire 

drawing would need to be changed, consuming valuable time and money. The 

CAD approach to design has removed this step from the design process and has 

blended the other steps together so that they are not as distinct as they once 
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were. With the CAD systems available today, the entire process from conceptual 

to final design can be controlled by the computer. The initial sketches can be 

created on the computer and then refined over many design iterations until a final 

configuration is chosen. The final design can be rendered to reveal any surface 

flaws and the design information can also be exported to other CAD tools such as 

finite element analysis programs for further development. The computer can then 

be instructed to print out complete design blueprints or it can be used to program 

computer numerically controlled (CNC) milling machines to create the necessary 

parts. Because all of the pertinent data for a design is stored in a computer, many 

workers can have access to it at the same time, the time to manage the 

paperwork is reduced and the final design can be visualized in a photo-realistic 

rendering without ever actually physically constructing or manufacturung it. 

1.1 Objectives 

The main goal of this project was to create a method, algorithm and 

program that would utilize the existing ACSYNT aircraft data to determine the 

best location for the Design Eye according to the regulations set fourth in the 

military standards [MILI84]. The program was to be created utilizing a new 

object-oriented graphical user interface, based on the ISO graphical standard 

PHIGS, developed by Woyak [Woya92] [Woya93]. This object-oriented method 
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of coding allows the code to be reused and easily modified in the future. The 

program should also be integrated into the existing ACSYNT code so that the 

designer can quickly check the vision of the pilot interactively during the design 

process. The program should output the pilot's vision data in a format specified in 

MIL-STD-850B. This standard specifies that the visibility of the pilot is to be 

presented in three different formats. The first format is a rectangular plot 

representing the projection of a sphere. The second format is an equal area plot 

representing the Aitoffs equal area projection of a sphere. The third format is a 

single-point perspective projection representing the vision as the aircraft 

approaches for a landing. From the data presented in these three formats, the 

designer will determine if the aircraft meets the vision requirements. 

All of these features should be incorporated in a format that is easy for the 

designer to use, that is computationally fast, and that is reasonably accurate. 
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1.2 Thesis Organization 

The remainder of this thesis is sub-divided into the following sections: 

¢ Literature Survey 

¢ Object-Oriented Tools 

¢ PHIGS 

¢ PHIGS / Object-Oriented GUI 

¢ B-Spline Surface Intersections 

¢ Pilot's View Module 

¢ Results 

¢ Conclusions 

Following the conclusions, there is the bibliography, appendices and 

the vita. 
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2.0 Literature Survey 

2.1 Background 

The CAD industry is a relatively new one, and although it was started in 

the aircraft industry, there are only a handful of examples of programs specifically 

for the conceptual development of aircraft. Of these, only a few are actually 

described in literature. 

2.2 ACSYNT 

Most of the work for this project was developed for the program known as 

ACSYNT. ACSYNT, which stands for AirCraft SYNThesis, was first developed at 

NASA-Ames Research Center in the early 1970's. ACSYNT is a complete, 

conceptual design program for aircraft. Aircraft performance in the areas of 

trajectory, geometry, aerodynamics, propulsion, stability, weights, economics and 

takeoff can be analyzed. Each area can be analyzed independently because 

ACSYNT is modular in its design. This modular design, in which each different 

type of analysis is handled by a structured group of routines, was chosen for its 

adaptability to optimization techniques. 
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In 1987, the CAD lab at Virginia Tech began work on creating a 

user-friendly, graphical interface to ACSYNT to allow the user to interactively, 

parametrically modify and see the changes to the aircraft structure as well as to 

view the output data in graphical format. This interface [Wamp88a],[Wamp88b] is 

based on the ISO graphical standard known as PHIGS. With the development of 

the graphical interface, ACSYNT has become a widely used and very powerful 

design tool in the aerospace engineering community. The work on the graphical 

interface for ACSYNT was continued by Jones [Jone91] and Marcaly [Marc91] 

who implemented B-spline geometry and by Gloudemans [Glou89] [Glou90] who 

investigated filleting and intersection features. Additional work by Jayaram 

[Jaya91] [Jaya92b] added dimensional geometric parameter extraction from 

B-spline models. Other functionality and object-oriented modules have been 

added by Kelly (Kell93], Rivera [Rive93], Schrock [Schr91] [Schr92], Steude 

[Steu93] and Uhorchak [Uhor93]. 

2.3 Commercial Programs 

Outside the Virginia Tech CAD laboratory, several other companies have 

developed their own software for the development of aircraft. Larimer and 

Provost [Lari91] discuss the development of the Visibility Modeling Tool (VMT) 

that provides the designer with a CAD tool for evaluating the trade-offs 
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associated with different cockpit decisions and designs. This VMT differs from 

ACSYNT and the goals of this project in that it would fall into the preliminary or 

final design process and not the conceptual area. The VMT is capable of 

determining if the displays inside the cockpit can be read, what fonts are easily 

read, and it can compute retinal maps. Overall, it is a more complex and detailed 

analysis of the interior of the cockpit and how the pilot will interact with these 

surroundings. The major drawback with this program, is that it is a stand-alone 

tool that must be used along with other CAD programs. The cockpit must be 

designed separately in another package before the data can be imported into the 

VMT for analysis. The results of the changing eye location can then be seen, but 

if the designer wishes to change the geometry of the cockpit, a new model must 

be created and imported into the VMT. 

Bolukbasi and Bertone [Boul90] discuss the development of a CAD 

program known as MACMAN (McDonnell Anthropometric Computerized Man 

Model). Its primary goal is to assist in the design of helicopter crew stations. 

Again, this program is a stand-alone program and is not integrated into a 

full-featured aircraft design program. The cockpit data must be entered by hand 

before it can be analyzed. This program differs from this project in that it 

incorporates a human body model. This human model is based on a twelve- 

segment kinematic model with 29 degrees of freedom. The program does allow 

the user to check not only the visual cone of the pilot, but also allows for the 

positioning of the control sticks, pedals, as well as door handles and latches, due 
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to the fact that the kinematic equations for a twelve-segment human body model 

are included. The program can also be used to check the egress and ingress of 

the crew as well as the strength requirements for lifting and placing components 

inside the aircraft. Again, this program is a much more complex and detailed 

design tool intended for the preliminary or final design stages and not conceptual 

design. 
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3.0 Object-Oriented Tools 

One of the newest and most popular conceptual approaches for computer 

programming Is called Object-Oriented Programming (OOP). It is a new way of 

thinking about data and how to manipulate it based on an entirely new level when 

compared to conventional programming techniques. The philosophy of OOP is 

based on the idea of bottom-up programming. The programmer is to emphasize 

the representation of data and not the aigorithms. The idea is to develop a new 

class that specifies a new data form and the associated functions for this data, 

and then develop an object that describes a data structure constructed according 

to that class plan. A class is a generic structure containing data and functions 

while an object is a specific instance or variable of type class. 

The most important features of OOP are [Prat91]: 

¢ Data abstraction 

¢ Encapsulation and data hiding 

¢ Polymorphism 

¢ Inheritance 

To use these important features, the programmer develops classes to 

incorporate these together. Data abstraction is the step where the programmer 

determines exactly how the important information or data will be presented to the 

user. To present the information to the user, the programmer will create a class 

that can contain data types as well as functions that can operate on the data. Ina 
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class, the data and functions can be classified as either private or public. Private 

members can only be accessed by member functions of that class. Public 

members, on the other hand, can be accessed by the rest of the program. 

Typically, the data associated with a certain class are declared as private and the 

functions that operate on this data are declared as public. The ability to hide 

certain data from the rest of the program is known as data hiding. Putting data 

and the associated functions that operate on the data together is known as 

encapsulation. When defining the functions, OOP allows the programmer to 

define several functions with the same name as long as they operate on different 

types of data in their argument lists. It is then up to the computer to determine 

what function to use depending on what data is operated on. This is called 

function overloading or polymorphism. Once a class has been developed, new 

classes can be derived from them retaining the data and functions associated 

with the old class and incorporating new data and functions as well. This practice 

is known as inheritance and is the major reason that OOP ts known as a reusable 

coding method. 

Object-Oriented Tools 10



Object-Oriented Tools 11



4.0 PHIGS 

To create a graphical program that can be used on many different 

platforms, a graphical standard or portable interface tool kit must be used. There 

are several graphical standards that are commonly used in industry today. Motif is 

one such standard that runs in conjunction with X-windows. Motif is a very 

popular graphical interface standard that can be used on many different machines 

but it does have several drawbacks. It is a two-dimensional standard which can 

be restrictive in engineering work and it inherits the same functionality as 

X-windows. Motif does integrate easily with an object-oriented language such as 

C++, due to the fact that is somewhat object-oriented itself. 

PHIGS is another earlier standard for computer graphics programming 

work. It is more applicable to engineering work because it is a true 

three-dimensional tool kit and it supports a much larger set of logical input 

devices than Motif. Some programmers use Motif for the graphical interface and 

PHIGS for actually displaying the model. This can be done but can also cause 

many problems due to the differences between the standards. As Woyak 

[Woya92] points out, it is better to build an interface solely using PHIGS because 

it provides the user with a system that possesses multi-platform existence 

without forgoing flexibility. 

PHIGS is a high-level library (i.e., that it hides the device dependent details 

from the user) that contains over 400 functions. These functions allow the 
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programmer to develop a graphics image based on intuitive graphic primitives 

such as lines, points, fill-areas without dealing with the actual pixels and device 

dependent commands. The power of PHIGS is also apparent in that, because it is 

a true 3-D environment, different views of an object require only that different 

PHIGS views be set up. PHIGS handles the rest of the transformation 

calculations. PHIGS is also powerful in that the image that is sent to the screen is 

usually stored in a virtual central structure store. This storage allows for easy 

modification or editing of one part of the structure without recaiculating the rest of 

it; this type of storage is known as a display list system. Display lists are 

appropriate for CAD applications that frequently edit only portions of a structure 

while simultaneously viewing it in different ways, but it is not appropriate for 

applications that require animation [Gask92]. 

PHIGS ts appropriate for a wide variety of applications. One of the most 

important features of PHIGS is device independence because it makes 

applications written with PHIGS portable. There are penalties and drawbacks 

associated with this device independence. It can not be optimized to take 

advantage of all systems because the language must work on so many different 

platforms. This is where the device dependent implementations of PHIGS like 

graPHIGS for the IBM systems and PHIGS+ become important. These 

implementations incorporate features that take advantage of the systems upon 

which they run. 
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5.0 PHIGS / Object-Oriented GUI 

An interface built on PHIGS was used as the base for this project. This 

interface was developed by Woyak [Woya92] [Woyag93]. It is a complete set of 

tools based on the PHIGS graphics standard and it is also programmed in an 

OOP style. This interface framework was chosen for this program because of 

these two important reasons. Since it uses PHIGS, it is compatible with the 

existing code for ACSYNT, which makes data transfer much easier, and it retains 

the device independence of ACSYNT. It will be easier for the code to be 

upgraded and reused in the future because it is written in C++ to take advantage 

of the OOP style. A complete description and user's guide for the Graphical User 

Interface (GUI) toolkit can be found in [Woya92]. 

This toolkit is very similar to other popular interfaces such as Motif or 

Microsoft Windows. It based on a set or library of tools that can be assembled 

quickly and easily to create an attractive and functional interface. The tools 

consist of menus and windows and the items that can be associated with these 

menus and windows. These items include check boxes, labels, numbers, 

pushbuttons, radio buttons, sliders and frames. Due to the OOP style of 

programming, it is very easy for the user of this interface to assemble these items 

to form the complete interface. Once they are assembled, the interface manager 

class is called upon to do just that, manage the windows, menus and the events 

triggered by the user, and produce the proper responses. 
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Although this interface is relatively new and unproven in a commercial 

production environment, it has been used by several other graduate students 

from Virginia Tech in their graduate work, with much success. This includes the 

development of a new mission input and planning module for use with ACSYNT 

[Rive93], the development of a new class library for the creation of engineering 

graphs for use with or without ACSYNT [Uhor93], the developement of a 

rule-based fuselage design module for ACSYNT [Kell93], the developement of a 

graphical interface for an engine design code known as NNEP [Stue93] and the 

development of an interior design module for ACSYNT that would allow the 

designer to configure the seats within the cabin [Hasa93]. 
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6.0 B-spline Surface Intersections 

6.1 Background 

To determine exactly what the pilot can see from inside the cockpit of an 

aircraft, some measure of visibility must be established. Some details of the 

aircraft structure are unimportant in the aircraft analysis due to the fact that 

ACSYNT, at the present stage of development, is a tool for the conceptual design 

step of the engineering process. These unimportant details include the interior of 

the cockpit as well as the canopy framing and aircraft windows. They are not 

included as part of the ACSYNT geometry at this time. Therefore, the limiting 

factor as to what the pilot can see is the blockage caused by the fuselage and 

other components such as the wings and canards. If computational time was not 

a determining factor in the design of the program, a ray tracing method could be 

used to completely determine the pilot's vision. Ray tracing is a very accurate 

method and would take into account all of the components if implemented 

properly, but it would also be very computationally time consuming. If the 

ACSYNT geometry was a solids-based system with boolean operations available, 

then the cockpit could be subtracted from the fuselage and the viewing system 

could be set up with the design eye in the required location as shown in Figure 1. 

The geometry could then be shaded and the designer would be presented with a 

representation of what the pilot could see. 
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Figure 1 - Boolean model 
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Another way of representing the pilot's vision would be possible if 

transparency was available. Neither PHIGS or PHIGS+ (an extension to PHIGS) 

supports transparency. However some extensions of PHIGS do support shading 

although it is dependent on the hardware used. If transparency was available, the 

viewing system could again be set up with the design eye in the proper location 

and the model could be shaded with transparency set on for the canopy. This 

would provide the designers with a view as if they themselves were sitting in the 

cockpit. A similar result can be obtained using only shading. The canopy 

component can be left as a wire frame component and the remaining model 

shaded. If the PHIGS view system is set up with the view reference point at the 

design eye location, the view up vector in the vertical direction and the view plane 

normal in the direction of the pilot's sight, the designer will be presented with a 

good representation of what the pilot can see. The viewing direction could be 

changed by changing the view plane normal to represent the pilot's head rotating. 

This method would provide the designer with a sensation of actually being in the 

cockpit, however, it would be very tough to translate this visibility information into 

the total vision plots as specified in the standards. This translation problem is due 

to the fact that although the image on the screen appears to be two-dimensional, 

the data in the computer is actually three dimensional, and as stated earlier, to 

extract the important values from all of the data would be computationally slow. 

Because these methods were not practical or possible, and due to the 

limitations imposed by computational time and the existing structure of ACSYNT, 
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it was decided that in order to determine how the fuselage impairs the vision of 

the pilot, the intersection of the fuselage with the canopy must be computed. This 

intersection will be the limiting factor as long as the design eye location is 

relatively low in the cockpit. Figure 2 illustrates this concept. Whenever the 

design eye location is low in the cockpit, the fuselage is the only component that 

blocks the vision, however as the design eye location is raised, the pilot's vision 

will increase subject to other components, in addition to the fuselage, obstructing 

the vision of the pilot. These other components include the wings, canards and 

nose of the plane. To reduce computational time, only the most important of 

these components can be checked for their obstruction. Hence, the method used 

in this project was to find the intersection of the canopy and fuselage and use this 

as a base for the vision computations. The ACSYNT geometry is represented 

mathematical and visually as a set of B-spline surfaces, one for each component. 

To find the intersection line created by several components, a B-spline 

intersection routine must be used. 
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Figure 2 - Design eye location 
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�b�y� �[�J�o�n�e�9�1�]�.� 

�1�.� �B�u�i�l�d� �b�o�u�n�d�i�n�g� �b�o�x�e�s� �f�o�r� �e�a�c�h� �s�e�p�a�r�a�t�e� �s�u�r�f�a�c�e� �(�c�o�m�p�o�n�e�n�t�)� �b�y� 

�d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �m�i�n�i�m�u�m� �a�n�d� �m�a�x�i�m�u�m� �X�,� �Y�,� �Z� �C�a�r�t�e�s�i�a�n� �c�o�o�r�d�i�n�a�t�e�s� �f�o�r� 

�t�h�e� �s�u�r�f�a�c�e�s�.� 

�2�.� �C�o�m�p�a�r�e� �t�h�e� �t�w�o� �b�o�u�n�d�i�n�g� �b�o�x�e�s� �f�o�r� �a� �p�o�s�s�i�b�l�e� �i�n�t�e�r�s�e�c�t�i�o�n�.� �I�f� �c�h�e�c�k� �i�s� 

�s�u�c�c�e�s�s�f�u�l�,� �g�o� �t�o� �s�t�e�p� �t�h�r�e�e�,� �o�t�h�e�r�w�i�s�e� �t�e�s�t� �a� �d�i�f�f�e�r�e�n�t� �s�e�t� �o�f� �b�o�u�n�d�i�n�g� 

�b�o�x�e�s�.� 

�3�.� �A�n�y� �t�w�o� �c�o�m�p�o�n�e�n�t�s� �t�h�a�t� �p�a�s�s� �t�h�e� �c�o�m�p�o�n�e�n�t� �b�o�u�n�d�i�n�g� �b�o�x� �t�e�s�t� �a�r�e� 

�c�o�m�p�a�r�e�d� �o�n� �a� �p�a�t�c�h� �b�y� �p�a�t�c�h� �b�a�s�i�s�.� �A� �b�o�u�n�d�i�n�g� �b�o�x� �c�h�e�c�k� �i�s� �p�e�r�f�o�r�m�e�d� 

�f�o�r� �e�a�c�h� �p�a�t�c�h� �o�n� �o�n�e� �c�o�m�p�o�n�e�n�t� �a�g�a�i�n�s�t� �e�v�e�r�y� �p�a�t�c�h� �o�n� �t�h�e� �o�t�h�e�r� 

�c�o�m�p�o�n�e�n�t�.� 

�B�-�S�p�l�i�n�e� �S�u�r�f�a�c�e� �I�n�t�e�r�s�e�c�t�i�o�n�s� �2�1



�4�.� �T�h�e� �l�a�r�g�e�r� �o�f� �t�h�e� �t�w�o� �p�a�t�c�h�e�s� �w�h�i�c�h� �p�a�s�s� �t�h�e� �b�o�u�n�d�i�n�g� �b�o�x� �c�h�e�c�k� �i�s� �s�p�l�i�t� 

�i�n�t�o� �f�o�u�r� �s�u�b�-�p�a�t�c�h�e�s�.� �T�h�e� �s�u�b�-�p�a�t�c�h�e�s� �i�n�h�e�r�i�t� �t�h�e� �c�o�n�t�r�o�v�e�r�s�y� �(�p�o�s�s�i�b�i�l�i�t�y� 

�o�f� �i�n�t�e�r�s�e�c�t�i�o�n�)� �f�r�o�m� �t�h�e�i�r� �p�a�r�e�n�t� �p�a�t�c�h�.� 

�5�.� �N�e�w� �b�o�u�n�d�i�n�g� �b�o�x� �c�h�e�c�k�s� �a�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �e�a�c�h� �o�f� �t�h�e� �s�u�b�-�p�a�t�c�h�e�s� 

�a�g�a�i�n�s�t� �t�h�e�i�r� �p�a�r�e�n�t�'�s� �a�d�v�e�r�s�a�r�y�.� 

�6�.� �S�t�e�p�s� �f�o�u�r� �a�n�d� �f�i�v�e� �a�r�e� �r�e�p�e�a�t�e�d� �u�n�t�i�l� �b�o�t�h� �s�u�b�-�p�a�t�c�h�e�s� �c�a�n� �b�e� 

�a�p�p�r�o�x�i�m�a�t�e�d� �b�y� �a� �p�l�a�n�e�.� �A�t� �t�h�i�s� �t�i�m�e� �i�n�t�e�r�s�e�c�t�i�o�n� �b�e�t�w�e�e�n� �a�n�y� �t�w�o� 

�s�u�b�-�p�a�t�c�h�e�s� �c�a�n� �b�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �c�a�l�c�u�l�a�t�i�n�g� �t�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� �b�e�t�w�e�e�n� 

�t�w�o� �p�l�a�n�e�s�.� 

�7�.� �S�t�e�p�s� �t�h�r�e�e�,� �f�o�u�r�,� �f�i�v�e� �a�n�d� �s�i�x� �a�r�e� �r�e�p�e�a�t�e�d� �u�n�t�i�l� �a�l�l� �p�o�s�s�i�b�l�e� �i�n�t�e�r�s�e�c�t�i�o�n� 

�c�h�e�c�k�s� �h�a�v�e� �b�e�e�n� �e�x�h�a�u�s�t�e�d� �b�e�t�w�e�e�n� �t�h�e� �c�o�m�p�o�n�e�n�t�s�.� 

�8�.� �T�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� �d�a�t�a� �i�s� �s�o�r�t�e�d� �t�o� �f�o�r�m� �o�n�e� �o�f� �m�o�r�e� �c�o�n�t�i�n�u�o�u�s� �c�u�r�v�e�s� �o�f� 

�i�n�t�e�r�s�e�c�t�i�o�n�.� 

�J�o�n�e�s� �c�o�d�e�d� �t�h�i�s� �i�n�t�e�r�s�e�c�t�i�o�n� �a�i�g�o�r�i�t�h�m� �a�n�d� �i�t� �w�a�s� �i�n�i�t�i�a�l�l�y� �i�n�c�l�u�d�e�d� �i�n� �a� 

�s�e�p�a�r�a�t�e� �B�-�s�p�l�i�n�e� �m�o�d�u�l�e�.� �T�h�i�s� �m�o�d�u�l�e� �w�a�s� �t�h�e�n� �i�n�t�e�g�r�a�t�e�d� �i�n�t�o� �t�h�e� �e�x�i�s�t�i�n�g� 

�A�C�S�Y�N�T� �c�o�d�e� �s�o� �t�h�a�t� �t�h�e� �g�e�o�m�e�t�r�y� �d�i�s�p�l�a�y�e�d� �o�n� �t�h�e� �s�c�r�e�e�n� �w�a�s� �t�h�e� �B�-�s�p�l�i�n�e� 

�f�o�r�m� �a�n�d� �n�o�t� �t�h�e� �o�r�i�g�i�n�a�l� �H�e�r�m�i�t�e� �f�o�r�m�.� �A�n� �e�x�a�m�p�l�e� �o�f� �a�n� �i�n�t�e�r�s�e�c�t�i�o�n� �c�u�r�v�e� �c�a�n� 

�b�e� �s�e�e�n� �i�n� �F�i�g�u�r�e� �3�.� �A�f�t�e�r� �s�t�u�d�y�i�n�g� �t�h�e� �e�x�i�s�t�i�n�g� �r�o�u�t�i�n�e�s� �t�h�a�t� �c�o�m�p�u�t�e� �t�h�e� 

�i�n�t�e�r�s�e�c�t�i�o�n� �c�u�r�v�e�s�,� �i�t� �w�a�s� �d�e�c�i�d�e�d� �t�h�a�t� �c�o�m�p�l�e�t�l�y� �n�e�w� �i�n�t�e�r�s�e�c�t�i�o�n� �r�o�u�t�i�n�e�s� �w�e�r�e� 

�n�o�t� �n�e�c�e�s�s�a�r�y� �f�o�r� �t�h�i�s� �p�r�o�j�e�c�t�.� �T�h�e� �e�x�i�s�t�i�n�g� �r�o�u�t�i�n�e�s� �w�e�r�e� �d�e�s�i�g�n�e�d� �t�o� �a�c�c�e�p�t� �i�n�p�u�t� 

�B�-�S�p�l�i�n�e� �S�u�r�f�a�c�e� �I�n�t�e�r�s�e�c�t�i�o�n�s� �2�2
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�F�i�g�u�r�e� �3� �-� �S�a�m�p�l�e� �i�n�t�e�r�s�e�c�t�i�o�n� �c�u�r�v�e� 

�2�3� �B�-�S�p�l�i�n�e� �S�u�r�f�a�c�e� �I�n�t�e�r�s�e�c�t�i�o�n�s



�f�r�o�m� �t�h�e� �u�s�e�r�,� �t�h�r�o�u�g�h� �t�h�e� �m�o�u�s�e�,� �f�o�r� �e�x�a�c�t�l�y� �w�h�i�c�h� �c�o�m�p�o�n�e�n�t�s� �t�o� �i�n�t�e�r�s�e�c�t�.� 

�T�h�e�y� �w�e�r�e� �a�l�s�o� �d�e�s�i�g�n�e�d� �t�o� �o�n�l�y� �i�n�t�e�r�s�e�c�t� �t�w�o� �c�o�m�p�o�n�e�n�t�s� �a�t� �a� �t�i�m�e�.� �F�o�r� �t�h�e� �n�e�w� 

�a�p�p�l�i�c�a�t�i�o�n�,� �t�h�e� �r�o�u�t�i�n�e�s� �h�a�d� �t�o� �b�e� �m�o�d�i�f�i�e�d� �s�l�i�g�h�t�l�y� �s�o� �t�h�a�t� �t�h�e�y� �c�o�u�l�d� �h�a�n�d�l�e� 

�m�o�r�e� �t�h�a�n� �t�w�o� �c�o�m�p�o�n�e�n�t�s� �a�s� �w�e�l�l� �a�s� �r�u�n� �i�n�d�e�p�e�n�d�e�n�t�l�y� �o�f� �A�C�S�Y�N�T�.� �T�h�e� 

�m�o�d�i�f�i�e�d� �r�o�u�t�i�n�e�s� �w�o�u�l�d� �b�e� �c�a�l�l�e�d� �f�r�o�m� �w�i�t�h�i�n� �t�h�e� �p�i�l�o�t�s� �v�i�e�w� �m�o�d�u�l�e� �a�n�d� �t�h�e� 

�i�n�t�e�r�s�e�c�t�i�o�n� �c�u�r�v�e� �d�a�t�a� �a�n�d� �m�e�s�s�a�g�e�s� �w�o�u�l�d� �b�e� �s�e�n�t� �b�a�c�k� �t�o� �t�h�e� �p�i�l�o�t�s� �v�i�e�w� 

�m�o�d�u�l�e�,� �n�o�t� �t�h�e� �B�-�s�p�l�i�n�e� �m�o�d�u�l�e�.� 

�B�-�S�p�l�i�n�e� �S�u�r�f�a�c�e� �I�n�t�e�r�s�e�c�t�i�o�n�s� �2�4



�7�.�0� �P�i�l�o�t�'�s� �V�i�e�w� �M�o�d�u�l�e� 

�7�.�1� �I�n�t�e�r�f�a�c�e� �C�o�n�s�t�r�u�c�t�i�o�n� 

�A�s� �s�t�a�t�e�d� �e�a�r�l�i�e�r�,� �o�n�e� �o�f� �t�h�e� �g�o�a�l�s� �o�f� �t�h�i�s� �p�r�o�j�e�c�t� �w�a�s� �t�o� �u�s�e� �a� �s�e�t� �o�f� �t�o�o�l�s� 

�d�e�v�e�l�o�p�e�d� �b�y� �W�o�y�a�k� �[�W�o�y�a�9�2�]� �b�a�s�e�d� �o�n� �O�O�P� �i�n� �o�r�d�e�r� �t�o� �a�l�l�o�w� �t�h�e� �c�o�d�e� �t�o� �b�e� 

�r�e�u�s�e�d� �a�n�d� �m�o�d�i�f�i�e�d� �m�o�r�e� �e�a�s�i�l�y� �i�n� �t�h�e� �f�u�t�u�r�e�.� �T�h�e� �f�i�r�s�t� �s�t�e�p� �i�n� �d�e�v�e�l�o�p�i�n�g� �t�h�e� 

�P�i�l�o�t�'�s� �V�i�e�w� �M�o�d�u�l�e� �w�a�s� �l�e�a�r�n�i�n�g� �h�o�w� �t�o� �u�s�e� �t�h�i�s� �s�e�t� �o�f� �t�o�o�l�s� �t�o� �d�e�v�e�l�o�p� �a� 

�g�r�a�p�h�i�c�a�l� �u�s�e�r� �i�n�t�e�r�f�a�c�e�.� �T�h�i�s� �i�n�t�e�r�f�a�c�e� �w�o�u�l�d� �b�e� �u�s�e�d� �t�o� �d�i�s�p�l�a�y� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� 

�t�o� �t�h�e� �d�e�s�i�g�n�e�r� �i�n� �a� �p�l�e�a�s�i�n�g� �m�a�n�n�e�r�.� �T�h�e� �i�n�t�e�r�f�a�c�e� �s�h�o�u�l�d� �a�l�s�o� �r�e�t�a�i�n� �s�o�m�e� �o�f� 

�t�h�e� �"�l�o�o�k� �a�n�d� �f�e�e�l�"� �o�f� �t�h�e� �e�x�i�s�t�i�n�g� �A�C�S�Y�N�T� �c�o�d�e�.� �B�e�c�a�u�s�e� �t�h�e� �c�o�m�p�u�t�e�r� �d�i�s�p�l�a�y� 

�s�c�r�e�e�n� �I�s� �l�i�m�i�t�e�d� �i�n� �i�t�'�s� �s�i�z�e�,� �t�h�e� �i�n�t�e�r�f�a�c�e� �m�u�s�t� �b�e� �d�e�s�i�g�n�e�d� �s�o� �t�h�a�t� �t�h�e� �m�o�s�t� 

�i�m�p�o�r�t�a�n�t� �i�n�f�o�r�m�a�t�i�o�n� �u�t�i�l�i�z�e�s� �t�h�e� �m�o�s�t� �a�v�a�i�l�a�b�l�e� �s�p�a�c�e�.� �F�o�r� �t�h�i�s� �i�n�t�e�r�f�a�c�e�,� �t�h�e� 

�v�i�s�i�o�n� �p�l�o�t�s� �a�n�d� �t�h�e� �a�i�r�c�r�a�f�t� �g�e�o�m�e�t�r�y� �h�a�v�e� �t�h�e� �h�i�g�h�e�s�t� �p�r�i�o�r�i�t�y� �s�o� �m�o�s�t� �o�f� �t�h�e� 

�s�c�r�e�e�n� �i�s� �d�e�v�o�t�e�d� �t�o� �d�i�s�p�l�a�y�i�n�g� �t�h�e�s�e� �i�m�a�g�e�s�.� �T�h�e�r�e�f�o�r�e�,� �i�t� �w�a�s� �d�e�c�i�d�e�d� �t�h�a�t� �t�h�e� 

�m�o�s�t� �i�m�p�o�r�t�a�n�t� �f�u�n�c�t�i�o�n�s� �a�n�d� �i�m�a�g�e�s� �s�h�o�u�l�d� �b�e� �d�i�s�p�l�a�y�e�d� �i�m�m�e�d�i�a�t�e�l�y� �u�p�o�n� 

�e�n�t�e�r�i�n�g� �t�h�e� �i�n�t�e�r�f�a�c�e� �a�n�d� �t�h�a�t� �t�h�e� �o�t�h�e�r� �f�u�n�c�t�i�o�n�s� �a�n�d� �p�l�o�t�s� �s�h�o�u�l�d� �b�e� �r�e�a�c�h�e�d� 

�f�r�o�m� �p�o�p�-�u�p� �m�e�n�u�s� �a�n�d� �w�i�n�d�o�w�s�.� 

�T�h�e� �i�n�t�e�r�f�a�c�e� �w�a�s� �p�r�o�g�r�a�m�m�e�d� �a�n�d� �t�h�e� �s�c�r�e�e�n� �t�h�a�t� �i�s� �f�i�r�s�t� �e�n�c�o�u�n�t�e�r�e�d� �b�y� 

�t�h�e� �d�e�s�i�g�n�e�r� �c�a�n� �b�e� �s�e�e�n� �i�n� �F�i�g�u�r�e� �4�.� �O�n� �t�h�e� �r�i�g�h�t� �s�i�d�e� �o�f� �t�h�e� �s�c�r�e�e�n� �a�r�e� �t�h�e� 

�p�u�s�h�-�b�u�t�t�o�n�s� �a�n�d� �r�a�d�i�o�-�b�u�t�t�o�n�s� �t�h�a�t� �c�o�n�t�r�o�l� �t�h�e� �m�o�d�u�l�e�.� �O�n� �t�h�e� �b�o�t�t�o�m� �o�f� �t�h�e� 

�s�c�r�e�e�n�,� �t�h�e�r�e� �a�r�e� �n�u�m�b�e�r� �b�o�x�e�s� �t�h�a�t� �d�i�s�p�l�a�y� �t�h�e� �l�o�c�a�t�i�o�n� �a�s� �w�e�l�l� �a�s� �a�l�l�o�w� �f�o�r� 
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�m�o�v�e�m�e�n�t� �o�f� �t�h�e� �d�e�s�i�g�n� �e�y�e� �l�o�c�a�t�i�o�n�.� �T�o� �t�h�e� �r�i�g�h�t� �o�f� �t�h�e�s�e� �n�u�m�b�e�r� �b�o�x�e�s� �a�r�e� 

�s�e�v�e�r�a�l� �o�t�h�e�r� �n�u�m�b�e�r� �b�o�x�e�s� �t�h�a�t� �d�i�s�p�l�a�y� �o�t�h�e�r� �i�m�p�o�r�t�a�n�t� �p�a�r�a�m�e�t�e�r�s�.� �T�h�e� �m�a�j�o�r� 

�p�o�r�t�i�o�n� �o�f� �t�h�e� �s�c�r�e�e�n� �i�s� �d�e�v�o�t�e�d� �t�o� �t�h�e� �d�i�s�p�l�a�y� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �a�n�d� �t�h�e� �v�i�s�i�b�i�l�i�t�y� �p�l�o�t�.� 

�T�h�e� �t�w�o� �v�i�e�w�s� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �s�h�o�w� �t�h�e� �d�e�s�i�g�n� �e�y�e�,� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �a� �r�e�d� �s�p�h�e�r�e�.� 

�a�s� �w�e�l�l� �a�s� �t�h�e� �c�a�n�o�p�y�-�f�u�s�e�l�a�g�e� �i�n�t�e�r�s�e�c�t�i�o�n� �l�i�n�e� �w�h�e�n� �c�o�m�p�u�t�e�d�.� �T�h�e� �v�i�s�i�b�i�l�i�t�y� �p�l�o�t� 

�a�b�o�v�e� �d�i�s�p�l�a�y�s� �t�h�e� �2�-�D� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �e�x�a�c�t�l�y� �w�h�a�t� �t�h�e� �p�i�l�o�t� �c�a�n� �o�r� �c�a�n�n�o�t� �s�e�e�.� 

�T�h�e� �g�r�a�p�h� �c�a�n� �b�e� �d�i�s�p�l�a�y�e�d� �i�n� �r�e�c�t�a�n�g�u�l�a�r� �o�r� �A�i�t�o�f�f�s� �e�q�u�a�l� �a�r�e�a� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�.� 

�T�h�e� �g�r�a�y� �f�i�l�l� �a�r�e�a� �r�e�p�r�e�s�e�n�t�s� �w�h�a�t� �t�h�e� �p�i�l�o�t� �c�a�n�n�o�t� �s�e�e� �a�n�d� �t�h�e� �b�l�a�c�k� �a�r�e�a� 

�r�e�p�r�e�s�e�n�t�s� �w�h�a�t� �t�h�e� �p�i�l�o�t� �c�a�n� �p�o�t�e�n�t�i�a�l�l�y� �s�e�e�.� �A� �g�r�i�d� �c�a�n� �a�l�s�o� �b�e� �t�o�g�g�l�e�d� �o�n� �o�r� �o�f�f� 

�b�y� �t�h�e� �d�e�s�i�g�n�e�r� �t�o� �h�e�l�p� �t�h�e� �r�e�a�d�i�n�g� �o�f� �t�h�e� �p�l�o�t�.� 

�7�.�2� �I�n�t�e�r�s�e�c�t�i�o�n� �R�o�u�t�i�n�e� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� 

�A�f�t�e�r� �t�h�e� �G�U�I� �w�a�s� �c�o�m�p�l�e�t�e�d�,� �t�h�e� �r�o�u�t�i�n�e�s� �t�h�a�t� �w�o�u�l�d� �a�c�t�u�a�l�l�y� �c�o�m�p�u�t�e� �t�h�e� 

�i�n�t�e�r�s�e�c�t�i�o�n� �d�a�t�a� �a�n�d� �p�l�o�t� �t�h�e� �r�e�s�u�l�t�s� �n�e�e�d�e�d� �t�o� �b�e� �c�o�m�p�l�e�t�e�d�.� �A�f�t�e�r� �e�x�a�m�i�n�i�n�g� 

�t�h�e� �e�x�i�s�t�i�n�g� �B�-�s�p�l�i�n�e� �i�n�t�e�r�s�e�c�t�i�o�n� �r�o�u�t�i�n�e� �c�o�d�e�d� �b�y� �J�o�n�e�s� �[�J�o�n�e�9�1�]�,� �i�t� �w�a�s� 

�d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �w�i�t�h� �a� �l�i�t�t�l�e� �m�o�d�i�f�i�c�a�t�i�o�n�,� �t�h�e�s�e� �e�x�i�s�t�i�n�g� �r�o�u�t�i�n�e�s� �w�o�u�l�d� �b�e� �a�b�l�e� �t�o� 

�h�a�n�d�l�e� �m�o�r�e� �t�h�a�n� �o�n�e� �i�n�t�e�r�s�e�c�t�i�o�n� �c�o�m�p�o�n�e�n�t� �a�t� �a� �t�i�m�e�.� �I�t� �w�a�s� �o�n�l�y� �a� �m�a�t�t�e�r� �o�f� 

�c�a�l�l�i�n�g� �t�h�e�s�e� �r�o�u�t�i�n�e�s� �a�t� �t�h�e� �c�o�r�r�e�c�t� �t�i�m�e� �w�i�t�h� �t�h�e� �c�o�r�r�e�c�t� �d�a�t�a� �a�n�d� �t�h�e�n� �r�e�c�e�i�v�i�n�g� 

�t�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� �d�a�t�a� �i�n� �t�h�e� �n�e�w� �c�o�d�e�.� �A� �f�l�o�w� �c�h�a�r�t� �o�f� �e�x�a�c�t�l�y� �h�o�w� �t�h�e� �n�e�w� �c�o�d�e� 

�i�n�t�e�r�a�c�t�s� �w�i�t�h� �t�h�e� �o�l�d� �c�o�d�e� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.� �T�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� �r�o�u�t�i�n�e�s� �l�i�e� �i�n� �a� 

�P�i�l�o�t�'�s� �V�i�e�w� �M�o�d�u�l�e� �2�/



�l�o�o�p� �t�h�a�t� �c�y�c�l�e�s� �t�h�r�o�u�g�h� �t�h�e� �c�h�o�s�e�n� �c�o�m�p�o�n�e�n�t�s�,� �c�h�e�c�k�i�n�g� �f�o�r� �a�n� �i�n�t�e�r�s�e�c�t�i�o�n� 

�w�i�t�h� �t�h�e� �c�a�n�o�p�y�.� �I�f� �a�n� �i�n�t�e�r�s�e�c�t�i�o�n� �i�s� �f�o�u�n�d�,� �t�h�e� �r�o�u�t�i�n�e�s� �c�a�l�c�u�l�a�t�e� �t�h�e� �x�,�y�,�z� �v�a�l�u�e�s� 

�o�f� �t�h�e� �l�i�n�e� �o�f� �i�n�t�e�r�s�e�c�t�i�o�n�.� �T�h�i�s� �c�o�n�t�i�n�u�e�s� �u�n�t�i�l� �t�h�e� �l�i�s�t� �o�f� �c�o�m�p�o�n�e�n�t�s� �i�s� �c�o�m�p�l�e�t�e�.� 

�T�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� �d�a�t�a�,� �i�n� �t�h�e� �f�o�r�m� �o�f� �t�h�e� �x�,�y� �a�n�d� �z� �c�o�o�r�d�i�n�a�t�e�s� �o�f� �t�h�e� �l�i�n�e�,� �i�s� �t�h�e�n� 

�t�r�a�n�s�f�e�r�r�e�d� �t�o� �t�h�e� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�o�u�t�i�n�e�s�.� 

�7�.�3� �D�a�t�a� �T�r�a�n�s�f�o�r�m�a�t�i�o�n� 

�O�n�c�e� �t�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� �d�a�t�a� �i�n� �t�h�e� �f�o�r�m� �o�f� �x�,�y�,� �a�n�d� �z� �c�o�o�r�d�i�n�a�t�e�s� �i�s� �r�e�t�u�r�n�e�d� 

�t�o� �t�h�e� �P�i�l�o�t�'�s� �V�i�e�w� �M�o�d�u�l�e�,� �i�t� �n�e�e�d�s� �t�o� �b�e� �t�r�a�n�s�f�o�r�m�e�d� �i�n�t�o� �2�-�D� �d�a�t�a� �f�o�r� �p�l�o�t�t�i�n�g�.� 

�T�h�e� �p�l�o�t�t�i�n�g� �r�e�q�u�i�r�e�s� �t�h�a�t� �t�h�e� �x�,�y� �a�n�d� �z� �c�o�o�r�d�i�n�a�t�e�s� �b�e� �f�i�r�s�t� �t�r�a�n�s�f�o�r�m�e�d� �i�n�t�o� �R�,� �o� 

�a�n�d� �A� �c�o�o�r�d�i�n�a�t�e�s�,� �a�n�d� �t�h�e�n� �p�r�o�j�e�c�t�e�d� �i�n�t�o� �2�-�D� �x� �a�n�d� �y� �p�l�o�t�t�i�n�g� �c�o�o�r�d�i�n�a�t�e�s� �a�s� 

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �6�.� �T�h�e� �f�i�r�s�t� �s�e�t� �o�f� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �c�a�n� �b�e� �c�a�l�c�u�l�a�t�e�d� �a�s� �f�o�l�l�o�w�s�:� 

� � 

�R�=� �{� �(�h�x� �-� �x�)�?� �+� �(�h�y� �-� �y�)�2� �+� �(�h�z�-� �z�)�2� 

� � 

�=� �a�r�c�c�o�s�(�(�x�  �� �h�x�)�/� �J� �(�h�x� �~� �x�)�?� �+�(�h�y ��y�)�?� �)� 

�A� �=� �a�r�c�s�i�n�(�(�z�  �� �h�z�)�/�R�)� 
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�(�m�a�k�e�_�i�n�t�_�l�i�n�e�.�C�)� 

�(�n�e�w� �c�o�d�e�)� � � 

� � � � � � 

� � � � � � 

�S�t�r�u�c�t�u�r�e� �c�r�e�a�t�i�o�n� �r�o�u�t�i�n�e�s� 

�(�m�a�k�e�_�a�x�i�s�.�C�,� �m�a�k�e�_�g�r�i�d�.�C�,� �.�.�.�}� 
�(�n�e�w� �c�o�d�e�)� 
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�I�n� �t�h�e�s�e� �e�q�u�a�t�i�o�n�s�,� �t�h�e� �v�a�l�u�e�s� �h�x�,� �h�y� �a�n�d� �h�z� �a�r�e� �r�e�s�p�e�c�t�i�v�e�l�y�,� �t�h�e� �x�,� �y� �a�n�d� �z� 

�v�a�l�u�e�s� �o�f� �t�h�e� �d�e�s�i�g�n� �e�y�e� �l�o�c�a�t�i�o�n�,� �a�n�d� �t�h�e� �x�,� �y� �a�n�d� �z� �v�a�l�u�e�s� �a�r�e� �t�h�e� �p�o�i�n�t�s� �o�f� �t�h�e� 

�i�n�t�e�r�s�e�c�t�i�o�n� �l�i�n�e�.� �T�h�e� �v�a�l�u�e� �R� �i�s� �s�i�m�p�l�y� �t�h�e� �d�i�s�t�a�n�c�e� �f�r�o�m� �t�h�e� �d�e�s�i�g�n� �e�y�e� �l�o�c�a�t�i�o�n� 

�t�o� �t�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� �l�i�n�e�.� 

�T�h�e� �r�e�c�t�a�n�g�u�l�a�r� �p�r�o�j�e�c�t�i�o�n� �r�e�p�r�e�s�e�n�t�s� �a� �s�p�h�e�r�e� �b�y� �a� �r�e�c�t�a�n�g�l�e� �w�i�t�h� �t�h�e� 

�w�i�d�t�h� �e�q�u�a�l� �t�o� �t�h�r�e�e� �t�i�m�e�s� �t�h�e� �h�e�i�g�h�t�.� �F�o�r� �t�h�i�s� �p�r�o�j�e�c�t�i�o�n�,� �t�h�e� �@� �a�n�d� �A� �c�o�o�r�d�i�n�a�t�e�s� 

�f�r�o�m� �t�h�e� �a�b�o�v�e� �e�q�u�a�t�i�o�n� �w�e�r�e� �s�i�m�p�l�y� �t�r�a�n�s�f�o�r�m�e�d� �t�o� �x� �a�n�d� �y� �p�l�o�t�t�i�n�g� �c�o�o�r�d�i�n�a�t�e�s� 

�b�a�s�e�d� �o�n� �t�h�e� �w�i�n�d�o�w� �p�r�o�j�e�c�t�i�o�n� �c�o�o�r�d�i�n�a�t�e�s� �b�y� �t�h�e� �e�q�u�a�t�i�o�n�s�:� 

�x� �=� �.�5 ��[�(�n ��)� �x� �1�8�2� �x� �0�.�0�0�2�7�7�7�]� 

�y� �=�.�5�+�(�2�x� �1�8�2� �.� �0�.�0�0�2�7�7�7�)� 

�W�h�e�r�e� �x� �a�n�d� �y� �a�r�e� �t�h�e� �n�o�r�m�a�l�i�z�e�d� �c�o�o�r�d�i�n�a�t�e�s� �o�f� �t�h�e� �w�i�n�d�o�w� �o�n� �w�h�i�c�h� �t�h�e� �g�r�a�p�h� 

�i�s� �d�r�a�w�n� �a�n�d� �0�.�0�0�2�7�7�7� �i�s� �s�i�m�p�l�y� �a� �s�c�a�l�e� �f�a�c�t�o�r� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �g�r�a�p�h� 

�w�i�n�d�o�w�.� 

�T�h�e� �A�i�t�o�f�f�s� �e�q�u�a�l� �a�r�e�a� �p�r�o�j�e�c�t�i�o�n� �r�e�p�r�e�s�e�n�t�s� �a� �s�p�h�e�r�e� �a�s� �a�n� �e�l�l�i�p�s�e� �w�i�t�h� 

�t�h�e� �s�e�m�i�-�m�a�j�o�r� �a�x�i�s� �t�w�i�c�e� �t�h�e� �l�e�n�g�t�h� �o�f� �t�h�e� �s�e�m�i�-�m�i�n�o�r� �a�x�i�s�,� �a�n�d� �w�i�t�h� �i�t�s� �p�a�r�a�l�l�e�l�s� 

�r�e�p�r�e�s�e�n�t�e�d� �a�s� �c�u�r�v�e�d� �l�i�n�e�s�.� �T�h�i�s� �p�r�o�j�e�c�t�i�o�n� �r�e�q�u�i�r�e�d� �a� �s�l�i�g�h�t�l�y� �d�i�f�f�e�r�e�n�t� 

�t�r�a�n�s�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� �R�,� �o� �a�n�d� �4� �c�o�o�r�d�i�n�a�t�e�s� �t�o� �t�h�e� �x� �a�n�d� �y� �p�l�o�t�t�i�n�g� �c�o�o�r�d�i�n�a�t�e�s�.� 

�T�h�e� �c�o�o�r�d�i�n�a�t�e�s� �w�e�r�e� �t�r�a�n�s�f�o�r�m�e�d� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n�s� �f�r�o�m� �[�P�e�a�r�8�4�]�:� 

� � 

�x�=�2�x�R�x� �S�/�2�d�  ��c�o�s� �c�o�s� �A�/�2�)� �s�i�n�f�t�a�n�~�!� �(�S�E�A�)� 
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� � �s�i�n� �/�2� �t�a�n�g� �y�=�R�x�S�,�/�2�(�1� �-�c�o�s�c�o�s�A�/�2�)� �c�o�s�[�t�a�n�~�!�(� 

�T�h�e�s�e� �e�q�u�a�t�i�o�n�s�,� �w�h�e�r�e� �R� �i�s� �t�h�e� �r�a�d�i�u�s� �o�f� �t�h�e� �s�p�h�e�r�e� �a�n�d� �S� �i�s� �a� �s�c�a�l�e� 

�f�a�c�t�o�r�,� �p�r�o�d�u�c�e� �a� �p�r�o�j�e�c�t�i�o�n� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �7�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �x� �a�n�d� �y� �v�a�l�u�e�s� 

�w�e�r�e� �t�h�e�n� �s�c�a�l�e�d� �i�n� �a� �s�i�m�i�l�a�r� �f�a�s�h�i�o�n� �a�s� �t�h�e� �r�e�c�t�a�n�g�u�l�a�r� �c�o�o�r�d�i�n�a�t�e�s� �i�n� �o�r�d�e�r� �t�o� 

�p�r�o�d�u�c�e� �c�o�o�r�d�i�n�a�t�e�s� �t�h�a�t� �a�r�e� �b�a�s�e�d� �o�n� �t�h�e� �w�i�n�d�o�w�s� �p�r�o�j�e�c�t�i�o�n� �c�o�o�r�d�i�n�a�t�e�s�.� 

�T�o� �c�r�e�a�t�e� �t�h�e� �t�o�t�a�l� �v�i�s�i�o�n� �p�l�o�t�s�,� �t�h�e� �p�u�s�h� �b�u�t�t�o�n� �l�a�b�e�l�e�d� �C�O�M�P�U�T�E� �m�u�s�t� 

�b�e� �s�e�l�e�c�t�e�d�.� �A� �p�o�p�-�u�p� �m�e�n�u� �a�p�p�e�a�r�s� �r�e�q�u�e�s�t�i�n�g� �a� �l�i�s�t� �o�f� �c�o�m�p�o�n�e�n�t�s� �t�h�a�t� �w�i�l�l� �b�e� 

�c�h�e�c�k�e�d� �f�o�r� �i�n�t�e�r�s�e�c�t�i�o�n� �w�i�t�h� �t�h�e� �c�a�n�o�p�y�.� �W�h�e�n� �t�h�e� �s�e�l�e�c�t�i�o�n� �f�r�o�m� �t�h�e� �l�i�s�t� �i�s� 

�c�o�m�p�l�e�t�e�,� �t�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� �r�o�u�t�i�n�e�s� �a�r�e� �c�a�l�l�e�d� �a�s� �e�x�p�l�a�i�n�e�d� �a�n�d� �t�h�e� �t�o�t�a�l� �v�i�s�i�o�n� 

�p�l�o�t� �i�s� �c�r�e�a�t�e�d�.� �T�h�e� �i�n�i�t�i�a�l� �p�l�o�t� �i�s� �d�i�s�p�l�a�y�e�d� �i�n� �r�e�c�t�a�n�g�u�l�a�r� �f�o�r�m�,� �b�u�t� �w�h�e�n� �t�h�e� �e�q�u�a�l� 

�a�r�e�a� �b�u�t�t�o�n� �i�s� �s�e�l�e�c�t�e�d�,� �t�h�e� �A�i�t�o�f�f�'�s� �p�r�o�j�e�c�t�i�o�n� �t�s� �d�i�s�p�l�a�y�e�d�.� 

�T�h�e� �p�u�s�h� �b�u�t�t�o�n� �l�a�b�e�l�e�d� �G�R�I�D� �c�a�n� �b�e� �s�e�l�e�c�t�e�d� �t�o� �p�r�o�v�i�d�e� �a� �g�r�i�d� �t�o� �a�i�d� �t�h�e� 

�d�e�s�i�g�n�e�r� �i�n� �r�e�a�d�i�n�g� �a�n�d� �i�n�t�e�r�p�r�e�t�i�n�g� �t�h�e� �t�o�t�a�l� �v�i�s�i�o�n� �p�l�o�t�s�.� �T�h�e� �g�r�i�d� �i�s� �a�v�a�i�l�a�b�l�e� �f�o�r� 

�b�o�t�h� �t�h�e� �r�e�c�t�a�n�g�u�l�a�r� �a�n�d� �e�q�u�a�l� �a�r�e�a� �p�l�o�t�s�.� �T�h�e� �g�r�i�d� �s�p�a�c�i�n�g� �i�s� �b�a�s�e�d� �o�n� �t�e�n� �(�1�0�)� 

�d�e�g�r�e�e� �i�n�t�e�r�v�a�l�s�.� �W�h�e�n� �t�h�e� �g�r�i�d� �i�s� �t�o�g�g�l�e�d� �o�n�,� �a�n�d� �t�h�e� �t�y�p�e� �o�f� �p�l�o�t� �i�s� �c�h�a�n�g�e�d�,� �t�h�e� 

�g�r�i�d� �a�u�t�o�m�a�t�i�c�a�l�l�y� �s�w�i�t�c�h�e�s� �t�o� �t�h�e� �p�r�o�p�e�r� �t�y�p�e�.� 

�i�f� �t�h�e� �r�a�d�i�o�-�b�u�t�t�o�n� �l�a�b�e�l�e�d� �S�I�M�U�L�A�T�E�D� �i�s� �s�e�l�e�c�t�e�d�,� �a� �n�e�w� �w�i�n�d�o�w� 

�a�p�p�e�a�r�s� �c�o�n�t�a�i�n�i�n�g� �a� �s�i�m�u�l�a�t�e�d� �l�a�n�d�i�n�g� �a�p�p�r�o�a�c�h� �v�i�s�i�o�n� �p�l�o�t�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� 

�p�l�o�t� �i�s� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �v�i�e�w� �o�f� �t�h�e� �p�i�l�o�t� �o�n� �a�p�p�r�o�a�c�h� �t�o� �l�a�n�d�.� �T�h�e� �h�o�r�i�z�o�n� �l�i�n�e� �i�s� 

�r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �g�r�e�e�n� �l�i�n�e�.� �A� �r�u�n�w�a�y�,� �s�i�z�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �m�i�l�i�t�a�r�y� 
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�A�a�d� �|� �f�e� �P�A�R�E� �E�T�T� �W�y� �f� 

�e�e�e� �b�e�e�t� �B�e� �M�E�E� �Z�e� �d�k� �a�e� �i�t�e� �C�U�M� �A�R�E�A� �G�R�A�B�S� �L�U�.� �S�S�S� 
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� � � � 

�F�i�g�u�r�e� �7� �-� �S�a�m�p�l�e� �E�q�u�a�l� �A�r�e�a� �P�r�o�j�e�c�t�i�o�n� 
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�s�t�a�n�d�a�r�d�s�,� �i�s� �a�l�s�o� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �a� �g�r�e�e�n� �t�r�a�p�e�z�o�i�d�.� �T�h�e� �o�t�h�e�r� �l�i�n�e�s� �o�n� �t�h�e� 

�s�c�r�e�e�n� �a�r�e� �t�h�e� �w�i�r�e�-�f�r�a�m�e� �l�i�n�e�s� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �a�n�d� �c�a�n�o�p�y� �a�s� �w�e�l�l� �a�s� �t�h�e� 

�i�n�t�e�r�s�e�c�t�i�o�n� �l�i�n�e� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �r�e�d�.� �T�h�i�s� �v�i�e�w� �i�s� �c�r�e�a�t�e�d� �b�y� �s�e�t�t�i�n�g� �u�p� �a� �P�H�I�G�S� 

�v�i�e�w� �t�o� �e�m�u�l�a�t�e� �a�s� �c�l�o�s�e�l�y� �a�s� �p�o�s�s�i�b�l�e�,� �a� �h�u�m�a�n� �e�y�e�.� �A�s� �r�e�q�u�i�r�e�d� �i�n� �t�h�e� 

�s�t�a�n�d�a�r�d�s�,� �s�e�v�e�r�a�l� �d�i�f�f�e�r�e�n�t� �g�l�i�d�e� �p�a�t�h� �a�n�g�l�e� �a�p�p�r�o�a�c�h�e�s� �c�a�n� �b�e� �s�i�m�u�l�a�t�e�d� �b�y� �t�h�e� 

�p�i�l�o�t�s� �v�i�e�w� �m�o�d�u�l�e�.� 

�T�h�e� �p�u�s�h� �b�u�t�t�o�n� �l�a�b�e�l�e�d� �H�E�L�P� �i�s� �i�n�c�l�u�d�e�d� �o�n� �t�h�e� �m�e�n�u� �s�y�s�t�e�m� �b�u�t� �i�s� �n�o�t� 

�f�u�n�c�t�i�o�n�a�l� �a�t� �t�h�i�s� �t�i�m�e�.� �W�h�e�n� �t�h�e� �A�C�S�Y�N�T� �c�o�d�e� �i�s� �r�e�-�w�r�i�t�t�e�n�,� �i�t� �i�s� �a�n�t�i�c�i�p�a�t�e�d� �t�h�a�t� 

�a�n� �o�n�-�l�i�n�e� �h�e�l�p� �s�y�s�t�e�m� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �i�n� �t�h�e� �W�i�n�d�o�w�s� �e�n�v�i�r�o�n�m�e�n�t� �m�i�g�h�t� �b�e� 

�i�n�c�l�u�d�e�d�,� �t�h�e�r�e�f�o�r�e� �a� �p�u�s�h� �b�u�t�t�o�n� �w�a�s� �i�n�c�l�u�d�e�d� �t�o� �m�a�k�e� �t�h�e� �f�u�t�u�r�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� 

�e�a�s�i�e�r�.� 

�7�.�4� �P�o�s�t�S�c�r�i�p�t� �O�u�t�p�u�t� 

�T�h�e� �a�b�i�l�i�t�y� �o�f� �t�h�e� �d�e�s�i�g�n�e�r� �t�o� �d�e�v�e�l�o�p� �2�-�D� �p�l�o�t�s� �o�n� �t�h�e� �s�c�r�e�e�n� �i�s� �v�e�r�y� �n�i�c�e�,� 

�b�u�t� �w�h�e�n� �a� �d�e�s�i�g�n� �e�y�e� �p�o�s�i�t�i�o�n� �i�s� �c�h�o�s�e�n�,� �t�h�e�r�e� �m�u�s�t� �b�e� �s�o�m�e� �p�r�o�v�i�s�i�o�n� �f�o�r� �t�h�e� 

�d�e�s�i�g�n�e�r� �t�o� �s�e�n�d� �t�h�e� �p�l�o�t�s� �t�o� �a� �p�r�i�n�t�e�r�.� �T�h�i�s� �a�b�i�l�i�t�y� �e�x�i�s�t�s� �i�n� �t�h�e� �g�r�a�p�h�i�n�g� �m�o�d�u�l�e� 

�o�f� �A�C�S�Y�N�T� �f�o�r� �t�h�e� �a�e�r�o�d�y�n�a�m�i�c�,� �e�c�o�n�o�m�i�c� �a�n�d� �o�t�h�e�r� �g�r�a�p�h�s�.� �T�h�e� �m�o�s�t� �c�o�m�m�o�n� 

�a�n�d� �t�r�a�n�s�p�o�r�t�a�b�l�e� �f�o�r�m�a�t� �f�o�r� �p�r�i�n�t�i�n�g� �i�s� �t�h�e� �P�o�s�t�S�c�r�i�p�t� �l�a�n�g�u�a�g�e� �f�o�r� �d�e�s�c�r�i�b�i�n�g� 

�o�b�j�e�c�t�s� �t�o� �a� �p�r�i�n�t�e�r�.� �I�t� �i�s� �p�o�s�s�i�b�l�e� �t�o� �u�s�e� �t�h�e� �l�o�w�e�s�t� �l�e�v�e�l� �P�o�s�t�S�c�r�i�p�t� �c�o�m�m�a�n�d�s� 

�a�n�d� �d�e�v�e�l�o�p� �a� �f�i�l�e� �f�o�r� �o�u�t�p�u�t� �t�o� �a� �p�r�i�n�t�e�r�.� �T�h�i�s� �i�s� �h�o�w� �t�h�e� �e�x�i�s�t�i�n�g� �p�r�i�n�t�i�n�g� �o�p�t�i�o�n�s� 

�P�i�l�o�t�'�s� �V�i�e�w� �M�o�d�u�l�e� �3�4



�i�n� �A�C�S�Y�N�T� �w�o�r�k�.� �H�o�w�e�v�e�r�,� �a� �n�e�w� �P�o�s�t�S�c�r�i�p�t� �A�P�I� �(�A�p�p�l�i�c�a�t�i�o�n� �P�r�o�g�r�a�m�m�i�n�g� 

�I�n�t�e�r�f�a�c�e�)� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�y� �S�c�h�r�o�c�k� �[�S�c�h�r�9�3�]�.� �T�h�e� �u�s�e�r�s� �g�u�i�d�e� �f�o�r� �t�h�i�s� �A�P�I� �c�a�n� 

�b�e� �f�o�u�n�d� �i�n� �t�h�e� �a�p�p�e�n�d�i�x� �A�-�3�.� �T�h�i�s� �P�o�s�t�S�c�r�i�p�t� �A�P�I� �i�s� �a� �s�e�t� �o�f� �C� �o�r� �F�O�R�T�R�A�N� 

�c�a�l�l�a�b�l�e� �s�u�b�r�o�u�t�i�n�e�s� �w�h�i�c�h� �a�l�l�o�w� �a� �P�o�s�t�S�c�r�i�p�t� �f�i�l�e� �t�o� �b�e� �w�r�i�t�t�e�n� �e�f�f�o�r�t�l�e�s�s�l�y� �a�c�r�o�s�s� 

�a�p�p�l�i�c�a�t�i�o�n�s�.� �I�t� �w�a�s� �d�e�c�i�d�e�d� �t�h�a�t� �t�h�e� �u�s�e� �o�f� �t�h�i�s� �A�P�I� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� �e�x�i�s�t�i�n�g� �o�u�t�p�u�t� 

�r�o�u�t�i�n�e�s� �i�n� �A�C�S�Y�N�T�,� �w�o�u�l�d� �p�r�o�d�u�c�e� �a� �p�r�o�g�r�a�m� �t�h�a�t� �w�a�s� �m�o�r�e� �r�e�u�s�a�b�l�e� �a�n�d� 

�m�o�d�i�f�i�a�b�l�e� �i�n� �t�h�e� �f�u�t�u�r�e� �a�s� �w�e�l�l� �a�s� �r�e�d�u�c�e� �t�h�e� �t�i�m�e� �n�e�c�e�s�s�a�r�y� �t�o� �c�r�e�a�t�e� �t�h�e� 

�P�o�s�t�S�c�r�i�p�t� �o�u�t�p�u�t� �m�o�d�u�l�e� �o�f� �t�h�e� �p�r�o�g�r�a�m�.� 

�T�h�e� �P�o�s�t�S�c�r�i�p�t� �A�P�I� �d�o�e�s� �n�o�t� �t�a�k�e� �a� �"�s�n�a�p�s�h�o�t�"� �o�f� �t�h�e� �s�c�r�e�e�n� �a�n�d� �s�e�n�d� �i�t� �t�o� 

�a� �f�i�l�e�,� �n�o�r� �d�o�e�s� �i�t� �t�r�a�v�e�r�s�e� �t�h�e� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e�s� �a�n�d� �d�e�v�e�l�o�p� �t�h�e� �f�i�l�e�.� �I�n�s�t�e�a�d� �i�t� �t�s� 

�n�e�c�e�s�s�a�r�y� �t�o� �o�p�e�n� �a� �P�o�s�t�S�c�r�i�p�t� �f�i�l�e� �a�n�d� �t�h�e�n� �w�r�i�t�e� �o�r� �d�r�a�w� �t�h�e� �s�t�r�u�c�t�u�r�e�s� �t�o� �t�h�i�s� 

�f�i�l�e� �j�u�s�t� �a�s� �t�h�e�y� �a�r�e� �d�r�a�w�n� �o�n� �t�h�e� �s�c�r�e�e�n�.� �O�n�c�e� �a�l�l� �o�f� �t�h�e� �l�i�n�e�s�,� �f�i�l�l� �a�r�e�a�s� �a�n�d� �t�e�x�t� 

�a�r�e� �d�r�a�w�n� �t�o� �t�h�e� �f�i�l�e�,� �t�h�e� �f�i�l�e� �i�s� �c�l�o�s�e�d� �a�n�d� �i�s� �t�h�e�n� �r�e�a�d�y� �t�o� �b�e� �p�r�i�n�t�e�d�.� �A� �e�x�a�m�p�l�e� 

�o�f� �t�h�e� �p�o�s�t�s�c�r�i�p�t� �o�u�t�p�u�t� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �8�.� �T�h�e� �e�x�a�m�p�l�e� �o�u�t�p�u�t� �r�e�p�r�e�s�e�n�t�s� �t�h�e� 

�r�e�s�u�l�t�s� �o�f� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n�s� �f�o�r� �a� �F�1�6� �m�o�d�e�l� �w�i�t�h� �t�h�e� �d�e�s�i�g�n� �e�y�e� �l�o�c�a�t�e�d� �a�s� 

�i�n�d�i�c�a�t�e�d�.� �B�o�t�h� �t�h�e� �r�e�c�t�a�n�g�u�l�a�r� �a�n�d� �e�q�u�a�l� �a�r�e�a� �p�l�o�t�s� �a�r�e� �c�r�e�a�t�e�d� �a�l�o�n�g� �w�i�t�h� �o�t�h�e�r� 

�k�e�y� �p�a�r�a�m�e�t�e�r�s�.� 

�T�h�e� �p�u�s�h� �b�u�t�t�o�n� �l�a�b�e�l�e�d� �S�A�V�E� �P�S� �c�r�e�a�t�e�s� �t�h�i�s� �P�o�s�t�S�c�r�i�p�t� �f�i�l�e�.� �W�h�e�n� 

�s�e�l�e�c�t�e�d�,� �a� �p�o�p�-�u�p� �m�e�n�u� �a�p�p�e�a�r�s� �r�e�q�u�e�s�t�i�n�g� �a� �f�i�l�e�n�a�m�e� �f�o�r� �t�h�e� �o�u�t�p�u�t� �f�i�l�e�.� �A�f�t�e�r� 

�t�h�e� �f�i�l�e�n�a�m�e� �i�s� �e�n�t�e�r�e�d�,� �(�m�a�x�i�m�u�m� �l�e�n�g�t�h� �o�f� �e�i�g�h�t� �(�8�)� �c�h�a�r�a�c�t�e�r�s�)�,� �t�h�e� �f�i�l�e� �i�s� 

�o�p�e�n�e�d�,� �t�h�e� �g�r�a�p�h�s� �a�r�e� �w�r�i�t�t�e�n�,� �a�n�d� �t�h�e�n� �t�h�e� �f�i�l�e� �i�s� �c�l�o�s�e�d�.� �T�o� �p�r�i�n�t� �t�h�e� �f�i�l�e�,� �t�h�e� 

�u�s�e�r� �c�a�n� �u�s�e� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �c�o�m�m�a�n�d�s� �f�r�o�m� �a� �U�N�I�X� �w�i�n�d�o�w�.� 
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�7�.�5� �C�o�d�e� �O�r�g�a�n�i�z�a�t�i�o�n� 

�T�h�e� �c�o�d�e� �f�o�r� �t�h�e� �p�i�l�o�t�'�s� �v�i�e�w� �m�o�d�u�l�e� �c�a�n� �b�e� �s�e�p�a�r�a�t�e�d� �i�n�t�o� �t�h�r�e�e� �d�i�s�t�i�n�c�t� 

�g�r�o�u�p�s�.� �T�h�e� �f�i�r�s�t� �s�e�t� �o�f� �r�o�u�t�i�n�e�s� �f�a�l�l� �i�n�t�o� �t�h�e� �G�U�I� �c�o�n�s�t�r�u�c�t�i�o�n� �g�r�o�u�p�.� �T�h�e� �s�e�c�o�n�d� 

�s�e�t� �o�f� �r�o�u�t�i�n�e�s� �f�a�l�l� �i�n�t�o� �t�h�e� �B�-�s�p�l�i�n�e� �s�u�r�f�a�c�e� �i�n�t�e�r�s�e�c�t�i�o�n� �g�r�o�u�p�.� �T�h�e� �l�a�s�t� �s�e�t� �o�f� 

�r�o�u�t�i�n�e�s� �f�a�l�l� �i�n�t�o� �t�h�e� �d�a�t�a� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �g�r�o�u�p�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�e� �G�U�I� �r�o�u�t�i�n�e�s� 

�i�s� �t�o� �c�r�e�a�t�e� �t�h�e� �g�r�a�p�h�i�c�a�l� �i�n�t�e�r�f�a�c�e� �t�h�a�t� �t�h�e� �d�e�s�i�g�n�e�r� �w�i�l�l� �u�s�e� �t�o� �c�o�n�t�r�o�l� �t�h�e� �p�i�l�o�t�'�s� 

�v�i�e�w� �m�o�d�u�l�e�.� �T�h�e�s�e� �r�o�u�t�i�n�e�s� �s�e�t� �u�p� �t�h�e� �w�i�n�d�o�w�s�,� �m�e�n�u� �b�u�t�t�o�n�s� �a�n�d� �a�l�l� �o�f� �t�h�e� 

�s�t�r�u�c�t�u�r�e�s� �t�o� �b�e� �d�i�s�p�l�a�y�e�d�.� �T�h�e�s�e� �r�o�u�t�i�n�e�s� �a�r�e� �c�e�n�t�e�r�e�d� �a�r�o�u�n�d� �t�h�e� �i�n�t�e�r�f�a�c�e� �t�o�o�l� 

�k�i�t� �d�e�v�e�l�o�p�e�d� �b�y� �W�o�y�a�k� �[�W�o�y�a�9�2�]� �a�n�d� �a�r�e� �c�o�d�e�d� �i�n� �C�+�+�.� �T�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� 

�r�o�u�t�i�n�e�s�,� �w�h�i�c�h� �w�e�r�e� �o�r�i�g�i�n�a�l�l�y� �p�a�r�t� �o�f� �t�h�e� �s�u�r�f�a�c�e� �m�o�d�u�l�e�,� �f�i�n�d� �t�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� �o�f� 

�t�h�e� �c�a�n�o�p�y� �w�i�t�h� �t�h�e� �f�u�s�e�l�a�g�e� �c�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�n� �s�e�n�d� �t�h�i�s� �d�a�t�a� �b�a�c�k� �t�o� �t�h�e� 

�t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�o�u�t�i�n�e�s�.� �T�h�e�s�e� �r�o�u�t�i�n�e�s� �w�e�r�e� �o�r�i�g�i�n�a�l�l�y� �c�o�d�e�d� �i�n� �C� �b�y� �J�o�n�e�s� 

�[�J�o�n�e�9�1�}� �b�u�t� �h�a�v�e� �b�e�e�n� �m�o�d�i�f�i�e�d� �t�o� �w�o�r�k� �i�n�d�e�p�e�n�d�e�n�t�l�y� �o�f� �t�h�e� �e�x�i�s�t�i�n�g� �A�C�S�Y�N�T� 

�G�U�I� �a�n�d� �t�o� �i�n�t�e�r�f�a�c�e� �w�i�t�h� �t�h�e� �n�e�w� �p�i�l�o�t�'�s� �v�i�e�w� �G�U�I�.� �T�h�e� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�o�u�t�i�n�e�s� 

�t�a�k�e� �t�h�i�s� �d�a�t�a� �a�n�d� �t�r�a�n�s�f�o�r�m� �i�t� �i�n�t�o� �c�o�o�r�d�i�n�a�t�e�s� �t�h�a�t� �c�a�n� �b�e� �p�l�o�t�t�e�d� �i�n� �t�h�e� �i�n�t�e�r�f�a�c�e� 

�w�i�n�d�o�w�s� �a�s� �e�i�t�h�e�r� �a� �r�e�c�t�a�n�g�u�l�a�r� �o�r� �e�q�u�a�l� �a�r�e�a� �p�l�o�t�.� �T�h�e�s�e� �r�o�u�t�i�n�e�s� �a�r�e� �w�r�i�t�t�e�n� 

�C�+�+� �a�n�d� �i�n�t�e�r�f�a�c�e� �w�i�t�h� �t�h�e� �G�U�I� �r�o�u�t�i�n�e�s� �t�o� �d�i�s�p�l�a�y� �t�h�e� �d�a�t�a�.� �A� �c�o�m�p�l�e�t�e� �l�i�s�t� �o�f� �t�h�e� 

�f�u�n�c�t�i�o�n�a�l� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �t�h�e�s�e� �r�o�u�t�i�n�e�s� �c�a�n� �b�e� �f�o�u�n�d� �i�n� �A�p�p�e�n�d�i�x� �D�.� 
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�8�.�0� �R�e�s�u�l�t�s� 

�T�h�e� �P�i�l�o�t�'�s� �V�i�e�w� �M�o�d�u�l�e� �w�a�s� �t�e�s�t�e�d� �a�g�a�i�n�s�t� �s�e�v�e�r�a�l� �m�o�d�e�l�s� �t�o� �m�a�k�e� �s�u�r�e� 

�t�h�a�t� �t�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� �r�o�u�t�i�n�e�s� �w�e�r�e� �r�o�b�u�s�t� �a�n�d� �t�o� �m�a�k�e� �s�u�r�e� �t�h�a�t� �t�h�e� �r�e�s�u�l�t�i�n�g� �t�o�t�a�l� 

�v�i�s�i�o�n� �p�l�o�t�s� �w�e�r�e� �c�o�r�r�e�c�t� �a�n�d� �a�c�c�u�r�a�t�e�.� 

�T�h�e� �f�i�r�s�t� �t�e�s�t� �c�a�s�e� �w�a�s� �a� �s�i�m�p�l�e� �c�y�l�i�n�d�e�r�-�s�p�h�e�r�e� �i�n�t�e�r�s�e�c�t�i�o�n�.� �T�h�i�s� �m�o�d�e�l� 

�c�a�n� �b�e� �s�e�e�n� �i�n� �F�i�g�u�r�e� �9�.� �T�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� �c�u�r�v�e� �p�r�o�d�u�c�e�d� �w�i�t�h�i�n� �t�h�e� �e�x�i�s�t�i�n�g� 

�B�-�s�p�l�i�n�e� �m�o�d�u�l�e� �o�f� �A�C�S�Y�N�T�,� �c�a�n� �b�e� �s�e�e�n� �i�n� �F�i�g�u�r�e� �1�0� �a�n�d� �c�a�n� �a�l�s�o� �b�e� �e�a�s�i�l�y� 

�c�o�m�p�u�t�e�d� �b�y� �h�a�n�d�.� �T�h�e� �t�o�t�a�l� �v�i�s�i�o�n� �p�l�o�t�s� �f�o�r� �t�h�i�s� �m�o�d�e�l� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e�s� �1�1� 

�a�n�d� �1�2�.� �I�t� �i�s� �e�v�i�d�e�n�t� �f�r�o�m� �t�h�e�s�e� �f�i�g�u�r�e�s� �a�n�d� �f�r�o�m� �t�h�e� �a�c�t�u�a�l� �n�u�m�e�r�i�c�a�l� �r�e�s�u�l�t�s� �t�h�a�t� 

�t�h�e� �t�o�t�a�l� �v�i�s�i�o�n� �p�l�o�t�s� �a�r�e� �c�o�r�r�e�c�t� �f�o�r� �t�h�e� �g�i�v�e�n� �d�e�s�i�g�n� �e�y�e� �l�o�c�a�t�i�o�n�.� 

�A� �s�e�c�o�n�d� �a�n�d� �m�o�r�e� �c�o�m�p�l�i�c�a�t�e�d� �t�e�s�t� �c�a�s�e� �w�a�s� �b�a�s�e�d� �o�n� �t�h�e� �F�-�1�6� �f�i�g�h�t�e�r� 

�m�o�d�e�l� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�3�.� �T�h�i�s� �m�o�d�e�l� �w�a�s� �l�o�a�d�e�d� �i�n�t�o� �A�C�S�Y�N�T� �a�n�d� �t�h�e� 

�i�n�t�e�r�s�e�c�t�i�o�n� �c�u�r�v�e� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�4�.� �T�h�e� �t�o�t�a�l� �v�i�s�i�o�n� �p�l�o�t�s� �f�o�r� 

�t�h�e� �r�e�s�p�e�c�t�i�v�e� �d�e�s�i�g�n� �e�y�e� �l�o�c�a�t�i�o�n� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e�s� �1�5� �a�n�d� �1�6�.� �A�l�t�h�o�u�g�h� �t�h�i�s� 

�m�o�d�e�l� �i�s� �m�o�r�e� �c�o�m�p�l�i�c�a�t�e�d� �t�o� �c�h�e�c�k� �b�y� �h�a�n�d�,� �a� �f�e�w� �c�h�e�c�k�s� �o�f� �t�h�e� �n�u�m�e�r�i�c�a�l� 

�r�e�s�u�l�t�s� �w�i�l�l� �s�u�b�s�t�a�n�t�i�a�t�e� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �t�h�e� �p�l�o�t�s�.� 

�T�h�e�s�e� �t�w�o� �c�a�s�e�s� �d�e�m�o�n�s�t�r�a�t�e� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �t�h�e� �p�i�l�o�t�s� �v�i�e�w� �m�o�d�u�l�e� �t�o� 

�c�o�m�p�u�t�e� �a� �t�o�t�a�l� �v�i�s�i�o�n� �p�l�o�t� �b�a�s�e�d� �o�n� �t�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� �o�f� �t�h�e� �c�a�n�o�p�y� �w�i�t�h� �t�h�e� 

�f�u�s�e�l�a�g�e�,� �h�o�w�e�v�e�r� �i�t� �m�u�s�t� �b�e� �r�e�-�s�t�a�t�e�d� �t�h�a�t� �i�n� �o�r�d�e�r� �f�o�r� �t�h�e� �m�o�d�u�l�e� �t�o� �w�o�r�k� �a�t� �t�h�i�s� 

�t�i�m�e�,� �a�n� �a�c�c�u�r�a�t�e� �c�a�n�o�p�y� �c�o�m�p�o�n�e�n�t� �m�u�s�t� �b�e� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �A�C�S�Y�N�T� �g�e�o�m�e�t�r�y�.� 
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�A�t� �t�h�e� �p�r�e�s�e�n�t� �t�i�m�e�,� �s�e�v�e�r�a�l� �o�f� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �c�o�m�p�o�n�e�n�t�s� �h�a�v�e� �b�e�e�n� 

�i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �t�o�t�a�l� �v�i�s�i�o�n� �p�l�o�t�s�.� �A�s� �s�h�o�w�n� �e�a�r�l�i�e�r�,� �t�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� �l�i�n�e� 

�b�e�t�w�e�e�n� �t�h�e� �c�a�n�o�p�y� �a�n�d� �f�u�s�e�l�a�g�e� �c�o�m�p�o�n�e�n�t�s� �i�s� �a� �g�o�o�d� �a�p�p�r�o�x�i�m�a�t�i�o�n�.� 

�H�o�w�e�v�e�r�,� �o�t�h�e�r� �c�o�m�p�o�n�e�n�t�s� �w�i�l�l� �r�e�d�u�c�e� �t�h�e� �v�i�s�i�b�i�l�i�t�y� �o�f� �t�h�e� �p�i�l�o�t� �d�e�p�e�n�d�i�n�g� �u�p�o�n� 

�t�h�e� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �d�e�s�i�g�n� �e�y�e�.� �S�o� �f�a�r�,� �t�h�e� �w�i�n�g�s� �a�n�d� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �t�a�i�l� �s�u�r�f�a�c�e�s� 

�h�a�v�e� �b�e�e�n� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �v�i�s�i�b�i�l�i�t�y� �c�a�l�c�u�l�a�t�i�o�n�s�.� �D�u�e� �t�o� �t�h�e� �w�a�y� �t�h�a�t� �t�h�e� �g�e�o�m�e�t�r�i�c� 

�p�a�r�a�m�e�t�e�r�s� �o�f� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �a�r�e� �s�t�o�r�e�d� �(�i�.�e�.�,� �a�s� �B�-�S�p�l�i�n�e� �s�u�r�f�a�c�e�s�)� �t�h�e� 

�c�o�m�p�o�n�e�n�t� �e�x�t�r�e�m�e�s� �i�n� �t�e�r�m�s� �o�f� �x�,�y� �a�n�d� �z� �v�a�l�u�e�s� �a�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �c�o�m�p�u�t�e�.� �F�o�r� 

�c�a�l�c�u�l�a�t�i�o�n� �p�u�r�p�o�s�e�s�,� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �a�r�e� �a�p�p�r�o�x�i�m�a�t�e�d� �a�s� �f�l�a�t� �p�l�a�n�e�s� �s�o� �a�s� �t�o� 

�r�e�d�u�c�e� �c�o�m�p�u�t�a�t�i�o�n�a�l� �t�i�m�e�.� �F�i�g�u�r�e�s� �1�5� �a�n�d� �1�6� �s�h�o�w� �h�o�w� �t�h�e� �w�i�n�g�t�i�p�s� �r�e�d�u�c�e� �t�h�e� 

�v�i�s�i�b�i�l�i�t�y� �o�f� �t�h�e� �p�i�l�o�t� �f�o�r� �t�h�i�s� �p�a�r�t�i�c�u�l�a�r� �F�1�6� �m�o�d�e�l� �a�n�d� �d�e�s�i�g�n� �e�y�e� �l�o�c�a�t�i�o�n�.� �T�h�e� 

�w�i�n�g�t�i�p�s� �a�r�e� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �h�a�t�c�h�e�d� �f�i�l�l� �a�r�e�a�s�.� �A�s� �t�h�e� �d�e�s�i�g�n� �e�y�e� �l�o�c�a�t�i�o�n� �i�s� 

�m�o�v�e�d� �r�e�a�r�w�a�r�d�,� �t�h�e� �w�i�n�g�t�i�p� �f�i�l�l� �a�r�e�a�s� �w�o�u�l�d� �m�o�v�e� �t�o�w�a�r�d�s� �t�h�e� �9�0�°� �p�o�s�i�t�i�o�n� �o�n� 

�t�h�e� �t�o�t�a�l� �v�i�s�i�o�n� �p�l�o�t�s�.� 

�A�s� �m�e�n�t�i�o�n�e�d�,� �t�h�e� �p�i�l�o�t�s� �v�i�e�w� �m�o�d�u�l�e� �h�a�s� �t�h�e� �f�u�n�c�t�i�o�n�a�l�i�t�y� �t�o� �p�r�o�d�u�c�e� �a� 

�s�i�m�u�l�a�t�e�d� �v�i�e�w� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e� �l�a�n�d�i�n�g� �a�p�p�r�o�a�c�h� �p�l�o�t�s� �a�s� �s�p�e�c�i�f�i�e�d� �i�n� �t�h�e� �m�i�l�i�t�a�r�y� 

�s�t�a�n�d�a�r�d�s�.� �T�h�e� �l�a�n�d�i�n�g� �a�p�p�r�o�a�c�h� �p�l�o�t� �i�s� �a� �o�n�e�-�p�o�i�n�t� �p�e�r�s�p�e�c�t�i�v�e� �p�r�o�j�e�c�t�i�o�n� �o�f� �t�h�e� 

�f�o�r�w�a�r�d� �v�i�s�i�b�i�l�i�t�y� �o�f� �t�h�e� �p�i�l�o�t�.� �T�o� �r�e�p�r�e�s�e�n�t� �t�h�i�s� �i�n� �t�h�e� �p�i�l�o�t�s� �v�i�e�w� �m�o�d�u�l�e�,� �a� �P�H�I�G�S� 

�v�i�e�w� �w�a�s� �s�e�t� �u�p� �w�i�t�h� �t�h�e� �v�i�e�w� �r�e�f�e�r�e�n�c�e� �p�o�i�n�t� �a�t� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �d�e�s�i�g�n� �e�y�e�.� 

�T�h�e� �v�i�e�w� �u�p� �v�e�c�t�o�r� �w�a�s� �d�i�r�e�c�t�e�d� �i�n� �t�h�e� �p�o�s�i�t�i�v�e� �Z� �d�i�r�e�c�t�i�o�n�,� �u�p� �f�o�r� �t�h�e� �p�i�l�o�t�,� �a�n�d� 

�t�h�e� �v�i�e�w� �n�o�r�m�a�l� �v�e�c�t�o�r� �w�a�s� �p�o�s�i�t�i�o�n�e�d� �i�n� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �s�i�g�h�t�.� �T�h�e� �v�i�e�w� �p�l�a�n�e� 

�w�a�s� �s�e�t� �a�t� �1�0� �i�n�c�h�e�s� �f�r�o�m� �t�h�e� �d�e�s�i�g�n� �e�y�e� �l�o�c�a�t�i�o�n� �a�s� �p�e�r� �t�h�e� �s�t�a�n�d�a�r�d�s�.� �W�i�t�h� �t�h�e� 
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�a�i�r�p�l�a�n�e� �m�o�d�e�l� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �a� �w�i�r�e�f�r�a�m�e�,� �a� �p�l�o�t� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �i�n� �F�i�g�u�r�e� �1�7� �i�s� 

�c�r�e�a�t�e�d�.� �T�h�i�s� �p�l�o�t� �s�h�o�w�s� �t�h�e� �r�u�n�w�a�y�,� �h�o�r�i�z�o�n� �l�i�n�e� �a�n�d� �i�n�t�e�r�s�e�c�t�i�o�n� �l�i�n�e� �a�s� �w�e�l�l� �a�s� 

�t�h�e� �c�a�n�o�p�y� �a�n�d� �n�o�s�e� �o�f� �t�h�e� �p�l�a�n�e�.� �I�f� �t�h�e� �r�u�n�w�a�y� �i�s� �v�i�s�i�b�l�e� �a�b�o�v�e� �t�h�e� �n�o�s�e�,� �t�h�e�n� 

�t�h�i�s� �w�o�u�l�d� �b�e� �a�n� �a�c�c�e�p�t�a�b�l�e� �p�o�s�i�t�i�o�n� �f�o�r� �t�h�e� �d�e�s�i�g�n� �e�y�e�,� �a�s�s�u�m�i�n�g� �t�h�e� �t�o�t�a�l� �v�i�s�i�o�n� 

�p�l�o�t�s� �a�l�s�o� �m�e�e�t� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s�.� �I�f� �t�h�e� �m�o�d�e�l� �i�s� �s�h�a�d�e�d�,� �a� �p�l�o�t� �a�s� �s�h�o�w�n� �i�n� 

�F�i�g�u�r�e� �1�8� �i�s� �c�r�e�a�t�e�d�.� �T�h�i�s� �p�l�o�t� �i�s� �m�u�c�h� �e�a�s�i�e�r� �t�o� �i�n�t�e�r�p�r�e�t�;� �t�h�e� �n�o�s�e� �i�s� �t�h�e� �s�h�a�d�e�d� 

�c�o�m�p�o�n�e�n�t� �a�n�d� �t�h�e� �c�a�n�o�p�y� �i�s� �t�h�e� �w�i�r�e�f�r�a�m�e� �c�o�m�p�o�n�e�n�t�.� �T�h�e� �a�b�i�l�i�t�y� �f�o�r� �t�h�e� 

�d�e�s�i�g�n�e�r� �t�o� �i�n�t�e�r�a�c�t�i�v�e�l�y� �r�o�t�a�t�e� �t�h�e� �p�i�l�o�t�s� �h�e�a�d� �a�n�d� �c�h�a�n�g�e� �t�h�e� �s�i�m�u�l�a�t�e�d� �v�i�e�w� �i�s� 

�n�o�t� �a� �r�e�q�u�i�r�e�m�e�n�t� �u�n�d�e�r� �t�h�e� �m�i�l�i�t�a�r�y� �s�t�a�n�d�a�r�d�s�,� �h�o�w�e�v�e�r� �i�t� �w�o�u�l�d� �b�e� �a� �v�e�r�y� 

�b�e�n�e�f�i�c�i�a�l� �t�o�o�l� �f�o�r� �t�h�e� �d�e�s�i�g�n�e�r� �a�n�d� �i�s� �c�u�r�r�e�n�t�l�y� �b�e�i�n�g� �c�o�d�e�d�.� 

�T�h�i�s� �l�a�s�t� �e�x�a�m�p�l�e� �o�f� �t�h�e� �s�h�a�d�e�d� �m�o�d�e�l� �w�i�t�h� �t�h�e� �P�H�I�G�S� �v�i�e�w� �s�e�t� �u�p� �a�t� �t�h�e� 

�d�e�s�i�g�n� �e�y�e� �l�o�c�a�t�i�o�n� �c�o�u�l�d� �b�e� �e�x�t�e�n�d�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e� �v�i�e�w� �o�f� �a� �w�e�a�p�o�n�s� 

�g�u�i�d�a�n�c�e� �s�y�s�t�e�m�.� �A� �P�H�I�G�S� �v�i�e�w� �w�i�t�h� �t�h�e� �r�e�f�e�r�e�n�c�e� �p�o�i�n�t� �s�e�t� �u�p� �a�t� �t�h�e� �d�e�s�i�g�n� �e�y�e� 

�l�o�c�a�t�i�o�n� �o�r� �w�e�a�p�o�n�s� �e�y�e� �l�o�c�a�t�i�o�n� �c�o�u�l�d� �b�e� �s�e�t� �u�p� �a�n�d� �t�h�e� �m�o�d�e�l� �s�h�a�d�e�d�.� �T�h�i�s� 

�w�o�u�l�d� �p�r�e�s�e�n�t� �t�h�e� �d�e�s�i�g�n�e�r� �w�i�t�h� �t�h�e� �"�w�e�a�p�o�n�s� �e�y�e� �v�i�e�w�"� �f�r�o�m� �w�h�i�c�h� �t�h�e� �b�e�s�t� 

�p�o�s�s�i�b�l�e� �l�o�c�a�t�i�o�n� �f�o�r� �t�h�e� �w�e�a�p�o�n�s� �c�o�u�l�d� �b�e� �d�e�t�e�r�m�i�n�e�d�.� 
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�9�.�0� �C�o�n�c�l�u�s�i�o�n�s� 

�A�l�t�h�o�u�g�h� �t�h�e� �P�i�l�o�t�'�s� �V�i�e�w� �M�o�d�u�l�e� �c�a�n� �b�e� �i�m�p�r�o�v�e�d�,� �t�h�e� �q�u�e�s�t�i�o�n� �r�e�m�a�i�n�s� 

�"�D�o�e�s� �t�h�i�s� �m�o�d�u�l�e� �m�e�e�t� �i�t�s� �g�o�a�l�s� �?�"� �T�h�e� �f�i�r�s�t� �g�o�a�l� �w�a�s� �t�o� �p�r�o�v�i�d�e� �t�h�e� �a�i�r�c�r�a�f�t� 

�d�e�s�i�g�n�e�r� �w�i�t�h� �a� �p�r�o�g�r�a�m� �t�h�a�t� �w�o�u�l�d� �a�u�t�o�m�a�t�e� �t�o� �p�r�o�c�e�s�s� �o�f� �p�r�o�d�u�c�i�n�g� �t�h�e� �t�o�t�a�l� 

�v�i�s�i�o�n� �p�l�o�t�s� �a�s� �s�p�e�c�i�f�i�e�d� �i�n� �t�h�e� �m�i�l�i�t�a�r�y� �s�t�a�n�d�a�r�d�s�.� �T�h�i�s� �g�o�a�l� �i�s� �m�e�t� �b�y� �t�h�e� �P�i�l�o�t�'�s� 

�V�i�e�w� �M�o�d�u�l�e�.� �T�h�e� �s�e�c�o�n�d� �g�o�a�l� �w�a�s� �t�o� �p�r�o�v�i�d�e� �t�h�i�s� �a�u�t�o�m�a�t�i�o�n� �w�i�t�h� �a� 

�c�o�n�s�i�d�e�r�a�b�l�e� �t�i�m�e� �s�a�v�i�n�g�s� �o�v�e�r� �t�h�e� �m�a�n�u�a�l� �a�p�p�r�o�a�c�h�.� �A�g�a�i�n�,� �t�h�i�s� �g�o�a�l� �i�s� �m�e�t� �b�y� 

�t�h�e� �m�o�d�u�l�e�.� �T�h�e� �o�t�h�e�r� �g�o�a�l�s� �w�e�r�e� �t�h�a�t� �t�h�e� �p�i�l�o�t�s� �v�i�e�w� �m�o�d�u�l�e� �w�o�u�l�d� �i�n�t�e�r�f�a�c�e� �w�i�t�h� 

�t�h�e� �e�x�i�s�t�i�n�g� �A�C�S�Y�N�T� �c�o�d�e� �a�n�d� �u�t�i�l�i�z�e� �t�h�e� �g�e�o�m�e�t�r�y� �s�t�r�u�c�t�u�r�e�s� �c�r�e�a�t�e�d� �w�i�t�h�i�n� 

�A�C�S�Y�N�T� �f�o�r� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n�s�,� �b�u�t� �t�h�a�t� �i�t� �w�o�u�l�d� �b�e� �c�o�d�e�d� �i�n� �a� �w�a�y� �t�h�a�t� �w�o�u�l�d� �a�l�l�o�w� 

�f�o�r� �e�a�s�i�e�r�,� �f�u�t�u�r�e� �i�m�p�r�o�v�e�m�e�n�t� �a�n�d� �m�o�d�i�f�i�c�a�t�i�o�n�.� �T�h�e�s�e� �g�o�a�l�s� �w�e�r�e� �m�e�t� �a�s� �w�e�l�l�.� 

�T�h�e� �p�i�l�o�t�s� �v�i�e�w� �m�o�d�u�l�e� �u�t�i�l�i�z�e�s� �t�h�e� �e�x�i�s�t�i�n�g� �A�C�S�Y�N�T� �g�e�o�m�e�t�r�y� �s�t�r�u�c�t�u�r�e�s� �a�n�d� 

�i�n�t�e�r�s�e�c�t�i�o�n� �r�o�u�t�i�n�e�s� �f�o�r� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n�s� �b�u�t� �i�s� �c�o�d�e�d� �i�n� �a�n� �O�O�P� �m�e�t�h�o�d� �u�s�i�n�g� 

�C�+�+� �a�n�d� �a�n� �O�O�P� �g�r�a�p�h�i�c�a�l� �u�s�e�r� �i�n�t�e�r�f�a�c�e� �b�a�s�e�d� �u�p�o�n� �t�h�e� �I�S�O� �g�r�a�p�h�i�c�a�l� 

�s�t�a�n�d�a�r�d�,� �P�H�I�G�S�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �p�r�o�g�r�a�m� �i�s� �f�u�n�c�t�i�o�n�a�l� �a�n�d� �m�e�e�t�s� �t�h�e� �g�o�a�l�s� �s�e�t� �f�o�r�t�h�,� �i�t� �c�a�n� �b�e� 

�i�m�p�r�o�v�e�d�.� �D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �p�i�l�o�t�'�s� �v�i�s�i�o�n� �i�s� �a� �n�o�n�-�t�r�i�v�i�a�l� �c�a�l�c�u�l�a�t�i�o�n�.� �A�C�S�Y�N�T� 

�i�S� �a� �c�o�n�c�e�p�t�u�a�l� �d�e�s�i�g�n� �t�o�o�l�,� �a�n�d� �i�n� �o�r�d�e�r� �t�o� �c�r�e�a�t�e� �a� �p�r�o�g�r�a�m� �t�h�a�t� �i�s� �h�e�l�p�f�u�l�,� �y�e�t� 

�q�u�i�c�k�,� �m�a�n�y� �a�s�s�u�m�p�t�i�o�n�s� �a�n�d� �c�o�m�p�r�o�m�i�s�e�s� �h�a�d� �t�o� �b�e� �m�a�d�e�.� �T�h�e� �e�x�i�s�t�i�n�g� 

�A�C�S�Y�N�T� �c�a�n�o�p�y� �a�n�d� �f�u�s�e�l�a�g�e� �g�e�o�m�e�t�r�y� �d�o� �n�o�t� �h�a�v�e� �t�h�e� �d�e�t�a�i�l�s� �s�u�c�h� �a�s� �c�a�n�o�p�y� 

�C�o�n�c�l�u�s�i�o�n�s� �5�1



�f�r�a�m�i�n�g� �a�n�d� �i�n�s�t�r�u�m�e�n�t�a�t�i�o�n�.� �T�h�u�s�,� �t�h�e� �o�n�l�y� �d�e�t�e�r�m�i�n�i�n�g� �f�a�c�t�o�r� �a�s� �d�i�s�c�u�s�s�e�d� 

�e�a�r�l�i�e�r� �i�s� �t�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� �l�i�n�e�.� �A�s� �f�a�r� �a�s� �o�t�h�e�r� �c�o�m�p�o�n�e�n�t�s� �a�r�e� �c�o�n�c�e�r�n�e�d�,� �(�e�.�g�.�,� 

�e�n�g�i�n�e�s�,� �w�i�n�g�s�,� �c�a�n�a�r�d�s�,� �e�t�c�.�.�.�)� �,� �m�o�r�e� �s�i�m�p�l�i�f�i�c�a�t�i�o�n�s� �m�u�s�t� �b�e� �m�a�d�e� �s�u�c�h� �a�s� 

�r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e�m� �a�s� �f�l�a�t� �p�l�a�n�e�s� �t�o� �r�e�d�u�c�e� �c�o�m�p�u�t�a�t�i�o�n�a�l� �t�i�m�e�.� �T�h�e� �i�n�t�e�r�s�e�c�t�i�o�n� 

�r�o�u�t�i�n�e�s� �a�n�d� �t�h�e� �m�e�t�h�o�d�s� �o�f� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �a�r�e� �r�o�b�u�s�t� �b�u�t� �a�r�e� �n�o�t� �c�a�p�a�b�l�e� �o�f� 

�h�a�n�d�l�i�n�g� �a�l�l� �p�o�s�s�i�b�l�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�s�.� �A�n� �e�x�a�m�p�l�e� �o�f� �a� �c�a�s�e� �t�h�a�t� �w�o�u�l�d� �f�a�i�l� �i�n�c�l�u�d�e� 

�a� �c�a�n�o�p�y� �l�o�c�a�t�e�d� �o�n� �a� �w�i�n�g�,� �l�o�c�a�t�e�d� �o�n� �t�h�e� �t�i�p� �o�f� �t�h�e� �n�o�s�e� �o�r� �l�o�c�a�t�e�d� �i�n� �a�n�y� �o�t�h�e�r� 

�a�b�n�o�r�m�a�l� �p�l�a�c�e�.� 

�T�h�e�r�e� �a�r�e� �o�t�h�e�r� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �t�h�e� �m�o�d�u�l�e� �d�u�e� �t�o� �t�h�e� �e�x�i�s�t�i�n�g� �s�t�r�u�c�t�u�r�e�,� 

�c�o�m�p�o�n�e�n�t� �l�i�s�t� �a�n�d� �c�o�n�c�e�p�t�u�a�l� �l�e�v�e�l� �o�f� �A�C�S�Y�N�T�.� �F�o�r� �m�o�s�t� �c�o�m�m�e�r�c�i�a�l� �a�n�d� �s�o�m�e� 

�m�i�l�i�t�a�r�y� �a�i�r�p�l�a�n�e�s�,� �s�u�c�h� �a�s� �c�a�r�g�o� �p�l�a�n�e�s�,� �t�h�e�r�e� �i�s� �n�o� �d�e�f�i�n�e�d� �c�a�n�o�p�y� �c�o�m�p�o�n�e�n�t�,� 

�b�u�t� �i�n�s�t�e�a�d�,� �t�h�e�s�e� �a�i�r�c�r�a�f�t� �h�a�v�e� �w�i�n�d�o�w�s�.� �T�h�i�s� �m�o�d�u�l�e� �w�i�l�l� �n�o�t� �h�a�n�d�l�e� �t�h�e� �a�n�a�l�y�s�i�s� 

�o�f� �s�u�c�h� �a�i�r�c�r�a�f�t�.� �T�h�e� �r�e�s�e�a�r�c�h� �w�o�r�k� �o�f� �T�j�u�n�g� �w�a�s� �i�n� �t�h�e� �a�r�e�a� �o�f� �m�a�p�p�i�n�g� �p�l�a�n�e� 

�c�u�r�v�e�s� �o�n�t�o� �B�-�s�p�l�i�n�e� �s�u�r�f�a�c�e�s� �[�T�j�u�n�9�3�]�.� �A� �f�u�t�u�r�e� �v�e�r�s�i�o�n� �o�f� �t�h�e� �p�i�l�o�t�s� �v�i�e�w� �m�o�d�u�l�e� 

�c�o�u�l�d� �b�e� �m�o�d�i�f�i�e�d� �t�o� �u�t�i�l�i�z�e� �t�h�i�s� �t�e�c�h�n�i�q�u�e� �o�f� �p�l�a�n�e� �c�u�r�v�e� �m�a�p�p�i�n�g� �t�o� �p�l�a�c�e� 

�w�i�n�d�o�w�s� �o�n�t�o� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �a�i�r�c�r�a�f�t�.� �T�h�e� �e�n�g�i�n�e�e�r� �c�o�u�l�d� �d�e�s�i�g�n� �t�h�e� �w�i�n�d�o�w�s� 

�a�s� �2�-�D� �c�u�r�v�e�s� �t�h�e�n� �m�a�p� �t�h�e�m� �o�n� �t�h�e� �s�u�r�f�a�c�e�.� �O�n�c�e� �t�h�e� �m�a�p�p�i�n�g� �w�a�s� �c�o�m�p�l�e�t�e�,� 

�t�h�e� �n�e�w� �3�-�D� �c�o�o�r�d�i�n�a�t�e�s� �c�o�u�l�d� �b�e� �s�e�n�t� �i�n�t�o� �t�h�e� �e�x�i�s�t�i�n�g� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �r�o�u�t�i�n�e�s� �t�o� 

�p�r�o�v�i�d�e� �t�h�e� �p�r�o�p�e�r� �t�o�t�a�l� �v�i�s�i�o�n� �p�l�o�t�s�.� 

�O�n�e� �o�t�h�e�r� �p�o�s�s�i�b�l�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�i�s� �p�i�l�o�t�s� �v�i�e�w� �m�o�d�u�l�e� �w�o�u�l�d� �b�e� �i�n� �t�h�e� 

�a�r�e�a� �o�f� �t�h�e� �w�e�a�p�o�n�s� �s�y�s�t�e�m�s� �o�n� �a�i�r�c�r�a�f�t�.� �T�h�e� �w�e�a�p�o�n� �s�y�s�t�e�m�s� �o�n� �t�o�d�a�y�'�s� �a�i�r�c�r�a�f�t� 

�a�r�e� �v�e�r�y� �s�i�m�i�l�a�r� �t�o� �t�h�e� �p�i�l�o�t�s�,� �f�o�r� �t�h�e�y� �t�o�o� �h�a�v�e�  ��e�y�e�s �� �t�h�a�t� �n�e�e�d� �t�o� �s�e�e�.� �T�h�e�s�e� 
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 ��e�y�e�s� �r�a�n�g�e� �f�r�o�m� �i�n�f�r�a�r�e�d� �s�e�n�s�o�r�s� �t�o� �r�a�d�a�r� �a�n�t�e�n�n�a�s� �a�n�d� �l�a�s�e�r�s� �s�i�g�h�t�s�.� �A�l�l� �o�f� 

�t�h�e�s�e� �"�e�y�e�s�"� �h�a�v�e� �a� �r�e�s�p�e�c�t�i�v�e� �t�r�a�n�s�m�i�t�t�i�n�g� �o�r� �r�e�c�e�i�v�i�n�g� �c�o�n�e� �t�h�a�t� �m�u�s�t� �n�o�t� �b�e� 

�i�n�f�r�i�n�g�e�d� �u�p�o�n� �b�y� �t�h�e� �a�i�r�c�r�a�f�t� �s�t�r�u�c�t�u�r�e�.� �T�h�e� �c�o�d�e� �c�o�u�l�d� �b�e� �m�o�d�i�f�i�e�d� �s�o� �t�h�a�t� �t�h�e� 

�d�e�s�i�g�n� �e�y�e� �l�o�c�a�t�i�o�n� �c�o�u�l�d� �b�e� �l�o�c�a�t�e�d� �a�t� �t�h�e� �t�i�p� �o�f� �t�h�e� �w�e�a�p�o�n� �a�n�d� �g�i�v�e�n� �t�h�e� 

�p�a�r�a�m�e�t�e�r�s� �o�f� �t�h�e� �w�e�a�p�o�n�s� �s�e�n�s�o�r� �c�o�n�e�,� �a� �p�l�o�t� �s�i�m�i�l�a�r� �t�o� �t�h�e� �t�o�t�a�l� �v�i�s�i�o�n� �p�l�o�t� 

�c�o�u�l�d� �b�e� �p�r�o�d�u�c�e�d�.� �I�f� �s�h�a�d�i�n�g� �w�a�s� �i�n�c�o�r�p�o�r�a�t�e�d�,� �t�h�e� �g�e�o�m�e�t�r�y� �c�o�u�l�d� �b�e� �s�h�a�d�e�d� 

�w�i�t�h� �t�h�e� �v�i�e�w� �s�e�t� �u�p� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �c�o�n�e� �o�f� �t�h�e� �w�e�a�p�o�n�.� �T�h�i�s� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �a� 

�s�i�m�u�l�a�t�e�d� �"�w�e�a�p�o�n�s� �v�i�e�w�"�.� 

�T�o� �c�o�n�c�l�u�d�e�,� �t�h�i�s� �r�e�s�e�a�r�c�h� �l�a�i�d� �d�o�w�n� �a� �f�o�u�n�d�a�t�i�o�n� �f�o�r� �t�h�e� �p�i�l�o�t�s� �v�i�e�w� 

�m�o�d�u�l�e� �a�n�d� �a�c�c�o�m�p�l�i�s�h�e�d� �t�h�e� �b�a�s�i�c� �g�o�a�l�s� �a�s� �s�t�a�t�e�d�.� �T�h�e� �f�u�t�u�r�e� �a�p�p�l�i�c�a�t�i�o�n�s�,� 

�m�o�d�i�f�i�c�a�t�i�o�n�s� �a�n�d� �e�x�t�e�n�s�i�o�n�s� �o�f� �t�h�i�s� �m�o�d�u�l�e� �a�s� �w�e�l�l� �a�s� �A�C�S�Y�N�T� �a�r�e� �n�u�m�e�r�o�u�s�.� 

�F�i�g�u�r�e�s� �1�9� �a�n�d� �2�0� �r�e�p�r�e�s�e�n�t� �s�o�m�e� �c�o�l�o�r� �p�h�o�t�o�s� �o�f� �t�h�e� �p�i�l�o�t�'�s� �v�i�e�w� �m�o�d�u�l�e� 

�i�n�t�e�r�f�a�c�e�.� 
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