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Abstract:    Component-based software reuse and development is considered to be the best way to improve the efficiency and 
quality of development. To meet the demands of aircraft instrument exhibition in an aviation virtual library, we present a model-
ing and simulation tool for cockpit instruments on component methods, achieving display functionality and providing a visual 
interaction platform in the aviation virtual library. For the rapid model construction and reuse of virtual library resources, we 
classify entities in the cockpit into several categories by their behavior, and design a template for each category to describe its 
attributes. This efficiently reduces the modeling cycle, and thus largely helps users to take advantage of the library resource. 
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1  Introduction 
 

Aviation technology has become the most ac-
tive high-tech field in the 21st century. The field is 
an important symbol of a country’s national power 
(Zhang et al., 2009). With the development of com-
puter and storage technology, the aviation virtual 
library becomes the best option because of its capac-
ity and convenience. The idea of building a typical 
immersive virtual environment in an aviation virtual 
library has become a reality. 

An aviation virtual library includes the digitiza-
tion of the physical library’s displays. Users can 
browse all the collections and learn the knowledge 
structure of aviation technology. An aviation virtual 
library can also provide visual interaction to the pub-
lic. To exhibit aircraft instruments in the aviation 
virtual library, first we need to digitalize them into 
3D models. 

Currently, the most popular way to model the 
exhibit is using 3D modeling software (Bruce et al., 

1998; Alm, 2001; Robinson et al., 2004; Park et al., 
2008; Wang et al., 2009); that is, the display of the 
cockpit and the control system is modeled by model-
ing tools. The related actions are added to the model 
to implement the simulation for users. 

The most common instrument modeling tools 
are: (1) Multigen-Paradigm Creator, with a special 
instrument panel module (Multigen-Paradigm, Inc., 
2001; 2004a; 2004b; 2004c; 2004d) that enables 
automatic creation of various common instrument 
templates, such as dial gauge, vertical gauge, cylin-
drical gauge, and the pitch ladder. The reuse of the 
instrument’s unit level design solution is efficient, 
but does not provide system-level reuse or integra-
tion technology of the simulator, which results in a 
longer design cycle. (2) DiSTI GL Studio (DiSTI, 
2009a; 2009b) is a platform-based rapid prototyping 
tool. It can make realistic virtual aircraft instruments, 
but the software is not flexible enough. It does not 
have its own graphics editor, and requires users to 
have a certain programming background. (3) Avia-
tion Instrument Control developed by GMS (Global 
Majic Software, http://www.globalmajic.com/), 
which uses VB, VC, and other languages, generating 
18 general aviation instruments including ADI (alti-
tude direction indicator), altimeter, and compass. 

Journal of Zhejiang University-SCIENCE C (Computers & Electronics) 
ISSN 1869-1951 (Print); ISSN 1869-196X (Online) 
www.zju.edu.cn/jzus; www.springerlink.com 
E-mail: jzus@zju.edu.cn 

 

 

* Project supported by the National High-Tech R & D Program (863) 
of China (No. 2009AA012103) and the State 211 Project of China 
(No. 201003005) 

© Zhejiang University and Springer-Verlag Berlin Heidelberg 2010 



Li et al. / J Zhejiang Univ-Sci C (Comput & Electron)   2010 11(11):911-918 912 

However, the picture is not textured or realistic, and 
cannot produce meters other than the 18 general 
aviation instruments. 

Using the instrument modeling tool mentioned 
above we can achieve the 3D digital modeling of the 
cockpit, but the consideration of modeling versatility 
and softness is poor, resulting in a longer modeling 
cycle, and an inconvenience while building the vir-
tual library. Moreover, since the internal structure of 
the aircraft (such as cockpit modeling and instru-
ment behavior simulation) is more complex, a 3D 
display is not enough. 

To solve these problems, our research deals 
with the method of instrument modeling, based on 
the special demands of an aviation virtual library, by 
combining domain knowledge and component tech-
nologies, classifying entities in a common cockpit 
design process, designing a component-based model 
representation for entities, and establishing appropri-
ate templates for each of them. Users can use prede-
fined templates to complete a simple figure model-
ing and interactive behavior logic modeling. In addi-
tion, we design a simulation tool that can exhibit the 
modeling results and provide visual interaction to 
the users. Compared to the same type of instrument 
modeling method, this system is based on compo-
nents rapid modeling and the reusability, and the 
simulation reality is improved. This approach is 
much more convenient, and thus effectively reduces 
the modeling cycle. 
 
 
2  Component-based modeling method 
 

A component is a closed and independent reus-
able package that provides specific functions. It is a 
new software developing method following the 
modular, structured, and object-oriented develop-
ment technology (Le et al., 2001; Xi and Yuan, 
2009). The combination of domain knowledge and 
component technologies can eliminate repetitive 
tasks, thereby reducing development costs and im-
proving development efficiency. At the same time, 
through high quality reuse of existing resources, the 
errors introduced by re-development is avoid, and 
the software quality is improved (Le et al., 2001; Xi 
and Yuan, 2009). 

While building a component-based system, first 
we need to divide the system into several functional 
modules, select functions to achieve the required 

components, and finally put these components to-
gether to construct the target system. 

Among these tasks, the classification and prop-
erties design of the entity model is the foundation of 
the component model development. Establishing 
individuals inconsequently may cause subsequent 
development repeat or omission, making the entity 
model analysis the most important part in simulation 
software development for virtual library construction. 

2.1  Related definitions 

First, we define several concepts before the li-
brary’s entity attributes are introduced. 

The entity model of the cockpit is the abstrac-
tion of instruments and various controllers. Accord-
ing to the different ways of expression, it can be di-
vided into two classes—static entity and dynamic 
entity. 
Definition 1 (Static entity)    An entity that does not 
require an operation after simulation begins, e.g., 
dial, shell, and scale. 
Definition 2 (Dynamic entity)    An entity that can 
interact with users and requires real-time updates 
throughout the operation process, e.g., needle and 
button. 

Due to the characteristics of the domain 
knowledge, in this study we divide the entity prop-
erty into custom attributes, describing the compo-
nent itself, and interactive attributes, describing the 
interaction between components. Custom attributes 
include geometric and physical attributes; interaction 
attributes can be further hierarchically broken down 
into behavioral and action attributes. Fig. 1 shows 
the assembly structure of the components, and the 
concepts are defined in the following. 
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Fig. 1  Structure diagram of the components 
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1. Custom attributes 
Custom attributes are used to customize the 

functions of the entity, as a single part, not affecting 
the globality of the software, similar to the concept 
of component parameters.  
Definition 3 (Geometric attribute)    An attribute 
that describes the geometrical information of the 
entity, such as vertices and texture. 
Definition 4 (Physical attribute)    An attribute that 
describes the basic behavior of a dynamic entity, 
such as the value of the button’s displacement and 
the way the odometer changed.  

2. Interactive attributes 
Interactive attributes describe the interaction 

and communication between entities in order for 
achieving the coordination between entities, similar 
to the method of components. 
Definition 5 (Behavioral attribute)   An attribute that 
describes the entity’s changing process in simulation. 
Definition 6 (Action attribute)    An attribute that 
describes the entities’ changing sequence generated 
by their own state over time, which describes the 
interaction between entities. 

2.2  Description of entity 

To implement the component-based model, the 
method this research adopts is described as the  
following. 

Classify the entities that are commonly used in 
the design of a cockpit, such as Table 1. 
 

 
 
 
 
 
 

 
The design provides an interface for each entity. 

Multiple entities can be implemented by the same 
interface. Interface design methods are shown in Fig. 2. 

Interface is the interaction mechanism among 
the entities that provide the external interaction. 
Each entity interface contains one or more attributes. 
Due to the fact that the geometrical and interaction 
attributes between the entities are the same but the 
physical attributes are different, we design a corre-
sponding template for each category to describe its 
physical attributes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2.1  Realization of custom attributes 

1. Geometric attributes 
The common figure in the modeling process 

can be simply summed up as a line, rectangle, sphere, 
etc. The system allows users to interact via a mouse 
to draw a common figure, and supports the texture 
mapping function to map images on the figures.  

The system contains interfaces that are used to 
change the way by which the texture is mapped to 
the figure. The texture can be scaled up and down 
and rotation of the texture can be adjusted, and but-
tons are provided, allowing the user to set the texture 
to its actual size, or to reset the texture placement 
fields, etc. This can improve the efficiency and the 
authenticity of the modeling results. 

The figure modeled by this system can be 
stored in OpenFlight format. OpenFlight is used for 
storing data and image information of the spatial 
data format, through geometrical figures, levels, and 
attributes to describe a 3D object; it is thought to be 
the industrial standard of spatial data format in the 
field of virtual reality. The description of geometric 
attributes must accord to the relevant form. 

2. Physical attributes 
Physical attributes describe the dynamic behav-

ior of the basic entity. Fig. 3 shows an altimeter that 
contains the dynamic entity we define in our system. 

Each dynamic entity has an attribute for de-
scribing the current state called ValueOut. The vari-
ous dynamic entity description methods are intro-
duced below. 

(1) Push button. In the cockpit, generally but-
tons can be pulled or pressed; some special ones 
need to be rotated after pull or press. Therefore, in 
the template design process, the situation of 

Table 1  Entity classification 

Entity Classification 
Static  Line, rectangle, circle, sphere, rectangle scale, 

circle scale, light source, viewport 
Dynamic  Needle, button, knob, switch, thumb, odome-

ter, mutex group 
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translation and rotation needs to be considered. Tem-
plates for buttons can be described as follows: 
 

BTN={<Type>, <Axis>, <Value>, <Continuous>, 
<Angle>, <Orient>, <Detent>, <Toggle>, 
<ValueOut>}. 

 
Type: whether the button needs to rotate after 

pull or rotate.  
Axis: displacement or rotation direction along x, 

y, or z axis.  
Value: displacement size of the button’s pull or 

push status.  
Toggle: when this option is checked, the button 

state changes only when the button is clicked; when 
unchecked, the button goes down when the mouse is 
pressed down, and returns to the up state when the 
button is released. 

Angle, Orient: rotation angle and direction, re-
spectively.  

Detent: the number of detents or stops the but-
ton has. 

Continuous: if this field is checked, the button 
can be rotated in either direction any number of 
times. 

(2) Knob, Switch, Needle. Although Knob, 
Switch, and Needle have a significant difference in 
appearance, their physical attributes are basically the 
same, including only simple rotation operations. The 
description is nearly the same as that for button: 
 
Knob/Switch/Needle={<Axis>, <Angle>, <Orient>, 

<Detent>, <Continuous>, <ValueOut>}. 
 
(3) ThumbWheel. The ThumbWheel object 

simulates a thumb wheel found in different instru-
mentations. ThumbWheel objects must be used in 
conjunction with an odometer for proper use. At run-

time, the ThumbWheel will provide mouse-dragging 
interaction ability that will increase or decrease the 
odometer according to the direction of the mouse 
drag. Its attributes can be described as 
 

ThumbWheel={<Axis>, <Orient>, <Detent>, 
<TypeOfBehaviors>, <ValueOut>}.  

 
The first three are the same as those for button. 
TypeOfBehaviors sets the default behavior for 

the ThumbWheel. If set to Analog, the digits roll to 
the next value. If digital, each digit snaps to the next 
value (Fig. 4).  

 
 
 
 
 
 
 
 
(4) Odometer. Odometer objects provide a 

method of creating analog or digital odometers or 
other instruments having described number thumb-
wheels that rotate within the instrument. The tem-
plates are described as 
 

Odometer={<MaxValue>, <MinValue>, <Init-
Value>, <BaseSystem>, <TypeOfBehav-
iors>, <WheelList>, <OrderOfMagnitude>, 
<RolloverThreshold>, <ValueOut>}. 

 
MaxValue, MinValue, InitValue: the largest 

and smallest values allowed to be displayed in the 
odometer, and the initial value displayed in the 
odometer object at run time, respectively. 

BaseSystem defines the base system for this 
odometer. The default is decimal (base 10). Some 
other bases are also supported, e.g., base 8 which is 
often used in aircraft transponders. 

WheelList: the list of the thumbwheels that the 
odometer contains. 

OrderOfMagnitude: this read-only field de-
scribes what digit value will be output. 

RolloverThreshold: this read-only value defines 
when each following digit rolls over to the next digit 
value. 

Using these methods, we can describe every 
odometer rotating behavior. As per an odometer 

(a) (c) (b) 

Fig. 4  Analog and digital thumbwheels 
(a) Initial state; (b) Analog thumbwheel; (c) Digital 
thumbwheel 

  

 

 

Needle Thumb 

Knob Switch 

Fig. 3  Controllers of the altimeter 

Odometer 
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shown in Fig. 5, units and tens digits remain un-
changed; others are turntable during simulation. We 
can describe the attributes of the odometer as  
follows:  

By the right thumbwheel’s position it can be in-
ferred that the InitValue is 59 375, TypeOfBehaviors 
is Analog, BaseSystem is decimal, OrderOfMagni-
tude is 5, and the RolloverThreshold is 100. 

 
 
 
 
 
 
 
 

 

2.2.2  Interactive attributes 

1. Behavioral attributes 
The behavioral attribute, as an atomic property 

of the entity, is the most important to be considered 
in the simulation process. We can set a parameter 
(property) for each entity to describe the behavioral 
attributes, through the parameter that describes the 
entity resulting from actions, and directly search the 
component library for components. 

 
Property={<Type>, <Name>, <InitValue>, 

<ObjName>, <MethodIdx>}. 
 
Type, Name, InitValue, ObjName: data type, 

name, initial value, and entity name, respectively. 
MethodIdx: the corresponding method parame-

ters. There are 24 methods designed in the system, 
which are commonly used in the flight simulation 
process, such as translation, rotation, scaling, chang-
ing the physical location, changing the physical cen-
ter of rotation, and setting the dynamic physical state 
(ValueOut). Users can choose among these methods 
according to their need to operate entity and achieve 
the flight simulation. 

Take the altimeter shown in Fig. 3 for example. 
First, we need to model the central needle (referred 
to as ‘AltiNeedle’), select the needle template, and 
set its property. To control the AltiNeedle’s rotation, 
we use a property named ‘altitude’ to indicate the 
degree of ‘AltiNeedle’, and set its InitValue to 0. 
ObjName is selected as ‘AltiNeedle’, and Meth-
odIdx is selected as ‘Set dynamic entity state’. Then 

we can join ‘altitude’ and ‘AltiNeedle’ together, and 
the needle’s rotation can be controlled by ‘altitude’. 

2. Action attributes 
Action attributes describe an entity’s input and 

output attributes, reflecting the interaction between 
the different entities of the cockpit. Interaction gen-
erally requires two entities: the trigger entity and the 
receiving entity. The trigger entity produces active 
behavior and sends interaction information. Through 
the receiving entity, one can simulate the interaction 
between the trigger and receiving entity  

We referenced database ECA (event-condition-
action) rules to indicate the event and conditions 
needed for the action. We imitate the workflow en-
gine Java Business Process Management (JBPM)’s 
graphical process designer, and use a workflow en-
gine to control the behavior of the objects sequence, 
thereby describing the behaviors of various control 
devices and simulating the real cockpit environment. 
 
 
3  Component library 
 

To facilitate system management and rapid 
modeling, we need to establish the database of com-
ponents to manage various entities effectively. The 
structure is as shown in Fig. 6. It consists of five 
components: container class, base class, template 
class, entity class, and composite entity class. 

 
 
 
 
 
 
 
 
 
 
 
 

The container class is a factory to generate spe-
cific entities which are used for storage entity man-
agement tools to provide addition, deletion, and 
modification operations for entities. 

The base class is the prototype of the entity. 
Other types of entities that can improve the model-
ing efficiency and flexibility derive from this model. 

  

Thumbwheel 
(dynamic) 

Texture 
(static) 

Fig. 5  Odometer on the altimeter 

Fig. 6  Component library structure
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The template class contains the description 
templates for buttons, knobs, and other entities men-
tioned previously. Template class, including static 
and dynamic entity templates, is stored in the com-
ponent libraries, and cannot be modified or deleted 
by the user.  

The entity class is a custom class generated ac-
cording to user requirements. It can be replaced, 
modified, or added to other operations. 

The composite entity class is the combination 
of several entities. In the modeling process, a com-
bination of certain entities is often used, and encap-
sulating those as a composite entity can improve the 
development efficiency, making the whole structure 
more trenchant. 

The component library operating flow is as 
shown in Fig. 7. In the modeling process, the entity 
container loads and edits the models from compo-
nent libraries, and at the same time the correspond-
ing template is loaded, editing and saving compo-
nent’s attributes. While rendering, first we need to 
load models from component libraries, then we can 
combine entities with template matching searching 
based on the input and output attribute values or 
relevant behaviors of the entities, automatically 
searching out related entities, and then we refine the 
function of them to effectively carry out a scenario 
simulation for the users. 

The way of rendering based on component li-
braries will be greatly improved. An automatic ex-
traction behavior is helpful to improve the entity 
design efficiency and make the development proce-
dure more flexible. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4  System implementation 
 

The component is a reusable package that pro-
vides a specific function. This study deals with the 
design and implementation of a rapid modeling tool 
for aircraft instruments based on the principles refer-
enced above. The system allows users to take a 
‘WYSIWYG’ approach to modeling, and the model 
can be set to appropriate attributes or behaviors for 
scenario simulation. 

The design flow is as shown in Fig. 8. First, the 
instrument designer can use the modeling tool to 
model the instrument and set the behaviors of the 
instrument. The result of the modeling can be stored 
in files. Using the simulation tool, users can view the 
modeling results. 

As Fig. 9 shows, the system includes a model-
ing tool and a simulation tool. Here we use an ex-
ample of altimeter application simulation develop-
ment to specify the system development process and 
the use of various tools. 

The final effect of altimeter development (Fig. 3) 
requests the following functions while rendering: the 
needle value and odometer’s readings should be the 
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same, and the barometric height adjustment knob 
and the electrical/PNEU switch knob should provide 
mouse-dragging interaction ability. First, we need to 
use the modeling tool to model the altimeter and set 
its behavior. 

4.1  Modeling tool 

The modeling tool can be used to model the in-
strument’s appearance and logic behavior. The de-
velopment process is as shown in Fig. 10.  

 
 
 
 
 
 
 
 

 
 
 
 
 

 
First, a user can select the appropriate static or 

dynamic entity template to generate the figure, and 
then edit its settings to complete the instrument’s 
appearance and basic behavior modeling. After that, 
through the code editor module and process designer 
module, the user can set corresponding entity behav-
ioral attributes and action attributes to achieve logic 
simulation. 

The modeling tool includes the following five 
modules: 

1. Interactive module: a human-computer inter-
action interface for operation, providing object 
picked up, scene navigation, entity stretching, and 
other operations. 

2. Object creation module: including two 
classes of objects, static and dynamic. The static 
entity can be created through choosing entity tem-
plates then placing and modifying geometry in the 
rendering window. The dynamic entity can be cre-
ated by selecting corresponding static entity and 
modifying its attribute to complete the dynamic be-
havior design. 

3. Code editor module: through this module we 
can set corresponding entity attributes and behavior, 
to realize logic simulation. 

4. Process designer module: a graphical tool for 
authoring behavior of object sequence. It can express 
simulation processes graphically in terms of behav-
ior, wait states for asynchronous communication, 
timers, automated actions, etc. To bind these behav-
iors together, it has an extensible control flow 
mechanism. This enables a smooth transition from 
process modeling to the practical implementation. 

5. Reading and writing module: providing two 
functions, loading and saving files. The ‘load file’ 
function can load the Openflight format model and 
the scene layout file (xml format) that describes the 
layout of the scene. The ‘save file’ function can store 
the model to Openflight format, and the correspond-
ing attribute of the model will be stored into a trigger 
file. The writing module can also save the scene lay-
out file.  

Using the modeling tool to model the altimeter, 
first we need to edit a static object. One selects a 
rectangle template in the toolbar at the left side of 
the window, places and modifies the rectangle with 
the mouse through the canvas, loads the altimeter 
dial’s texture, and adjusts the position of the texture 
to adapt the size of the rectangle to complete the dial 
production. One repeats the steps above to produce 
needle, knobs, switches odometer, and other objects. 
The results are shown in Fig. 11.  

 
 
 
 
 
 
 
 

 
 
 
 

After editing the static objects, we need to edit 
the altimeter’s dynamic behavior of its controls. One 
selects the needle and the needle template, sets the 
corresponding attribute (Fig. 12a), and then repeats 
the steps. The knobs, switches, thumb wheels, and 
odometer’s attributes are set as shown in Figs. 12b–
12e. 

When the modeling process is complete, one 
clicks the ‘generate code’ button, and can generate a 
trigger file which stores the behavior set for the  
altimeter. 

Fig. 11  Static entity modeling results
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4.2  Simulation tool 

After editing and setting the behavior of the 
model with the modeling tool, we can use the simu-
lation tool to render the scene. This tool can load the 
scene file and extract models from the component 
libraries while rendering, can read relevant entity 
triggering document templates, and can simulate the 
dynamic behavior according to user’s setting behavior. 

For example, Fig. 13 is the simulation tool’s 
rendering results of the altimeter. It can be seen that 
the needle and the odometer’s readings are the same. 
This can also be achieved with knobs, switches, and 
other controller simulation. 

 
 

 
 
 
 
 
 
 
 

5  Conclusions 
 

This paper introduces a component based aircraft 
instrument modeling tool. It uses a software reuse 
method in the cockpit, classifies entities in the cock-
pit design process, makes a component-based model 
representation for entities, and establishes appropri-
ate templates for each of them. With the simulation 
tool, users can preview the modeling result and in-
teract with models, thus effectively achieving rapid 
modeling. The tool provides an immersion display 
platform for an aviation virtual library. Compared to 
the traditional modeling methods, the reusability, 
reality of display, and modeling complexity are 

 
 
 
 
 
 
 
 
 
 
 

 

significantly improved, helping library users quickly 
obtain useful and realistic resources. This could also 
be used in cockpit design in the future. 
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(a) Needle and odometer’s readings are the same; (b) But-
ton knob’s initial state; (c) Button knob’s rendering result 

(b) (c)
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