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Abstract. This paper describes a design and implementation of a new handheld 
user interface framework called HIVE. HIVE provides the familiar 2D user in-
terface on a mobile handheld computer to support user interactions in a virtual 
environment. It provides a scripting language based on XML and Lua to ease 
the development of handheld user interfaces and to increase the reusability of 
the interface components. This paper also discusses the use of the HIVE 
framework to develop a couple of handheld user interface applications for vir-
tual environments to show usability. 

1   Introduction 

Interaction is a critical component in virtual reality [2]. The virtual interface is the vir-
tual representation of physical user interfaces, such as menu, buttons, sliders, and di-
als, floating in a 3D virtual environment. It is the most commonly used interaction 
method in the virtual environment since it uses the familiar desktop PC user interface 
widgets. However, it is difficult for novice users to manipulate such interfaces in the 
virtual environment using 3D input devices, such as a wand or a virtual glove. In ad-
dition, every visual manifestation of interaction device for the virtual interfaces must 
be created in the virtual environment, which takes lots of efforts. 

In the past, there have been a few attempts of using other computing devices, such 
as Personal Digital Assistants (PDAs) or notebook computers, to support user interac-
tions in the virtual environment [1,8,10,11,12]. For instance, a 2D map interface is 
used to help users navigate and collect data easily in a Virtual Field [8]. A PDA inter-
face was built for users to select virtual fish and to view detailed information about 
the selected fish in Virtual Aquaria [11]. In Virtual Harlem, AMIS (Annotator Man-
agement Interface System) allows users to view a list of virtual annotations or see the 
locations on a 2D map. Then, users can select one of the annotations from the list or 
from the map to play the annotation back within the virtual environment [10]. 

However, it is difficult to create handheld user interfaces for virtual environments 
since it requires lots of domain knowledge, such as user interface design, mobile sys-
tems, networking programming, and virtual reality. Also, these interfaces are specifi-
cally developed for certain virtual environments, and hence they cannot be easily  
reused in other VR systems. Thus, some researchers have developed several toolkits  
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Fig. 1. The Architecture of the HIVE Framework 

that allow the easy creation of such handheld virtual interfaces, such as Tweek [6], 
VIST [9], and Glass library [5]. 

In this paper, we present an overview of a new handheld user interface framework 
called HIVE (Handheld-based Interface development framework for Virtual Envi-
ronments). HIVE is designed to ease the development of virtual interfaces by provid-
ing reusable interface components and a powerful scripting language. This paper first 
presents related works on handheld user interface toolkits. It then describes the detail 
design and implementation of the HIVE framework. It also discusses two handheld 
user interface applications designed with HIVE, and then it concludes with the future 
research directions. 

2   Related Works 

A handheld device, such as PDA is small, lightweight, and portable, while it has 
enough power to handle multimedia data, such as a large chunk of texts, sounds, and 
movie clips. Also, it supports most of graphical user interface (GUI) available in the 
desktop computer which is very familiar to many users. Due to this fact, recently 
there are many works done on utilizing such devices (i.e., PDA) as the user interac-
tion aids for virtual environments, which usually implement WIMP (Windows, Icons, 
Menus, Pointer) user interfaces on handheld devices. However, most of them are de-
signed for specific VR applications, and hence, they are not easily applicable to other 
virtual environments. Also, building such handheld user interfaces requires a lot of 
different knowledge domains, such as user-interface programming, network pro-
gramming, 3D graphics, and virtual reality. Hence, researchers have developed a few 
toolkits for easy construction of such handheld virtual interfaces. 

Tweek is a handheld user interface design toolkit with the abstract communication 
architecture and the dynamic loading mechanism for extensibility of GUI compo-
nents. Tweek incorporates a 2D GUI system to help user interaction in a virtual envi-
ronment. It is built on top of C++, Java, Java BeansTM, XML, and CORBA. It consists 
of three major components: the GUI client system, the server interacting with the vir-
tual environment, and the middleware. The middleware is based on CORBA to man-
age the inter-language communication between a VR application written in C++ and 
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the Java-based GUI interface. While it is a powerful toolkit for the handheld user in-
terface development, it requires a steep learning curve from the developer due to the 
knowledge requirements on various domains. Also, the developers need to re-write 
and compile their Java codes even for a very little modification, thereby increasing 
the development time. 

VIST is a toolkit for constructing handheld user interfaces designed to increase  
reusability by using dynamic loading mechanism and a glue scripting language. It 
employs a dynamic loading mechanism to rapidly prototype handheld applications by 
assembling various user interface components. Unlike Tweek, VIST employs a light-
weight simple component model that simplifies the development of interface compo-
nents. However, the VIST’s scripting language is not rich enough to describe all the 
logics of the virtual interactions. Hence, most functionality has to be implemented in 
low-level modules and its scripting language only supports the interoperability among 
such modules. This weak scripting capability would increase the development time 
unless a lots of low-level interaction modules are already available. 

The Glass library provides similar features to Tweek and VIST. It is designed for 
distributed computing systems based on cluster computers. It also offers a GUI design 
tool that enables developers to easily create GUI-based handheld interfaces without 
programming. However, it is not extensible compared to other toolkits since it only 
provides three types of event templates: simple, exit, and skin. The “simple” event 
sends the associated event number to the interested nodes of the clustered system to 
process the event. The “exit” event is used to terminate the application. The “skin” 
event is used to change the background image of the handheld device. An important 
feature of the Glass interface is that it treats a handheld device as one of the cluster 
nodes, which makes the interface quite coherently tied to the VR applications. 

3   HIVE Framework 

Fig. 1 shows the architecture of HIVE (Handheld-based Interface development 
framework for Virtual Environments). HIVE is divided into a core system, which is 
the main executable program, and a collection of modules. The modules include stan-
dard user interface components provided along with the core program, such as button 
or list; new modules can be added by UI module developers. The core system in-
cludes Lua C API wrapper classes and HIVE Runtime Environment (HRE). HRE in-
terprets the HIVE script and then divides it into HIVE Runtime Script Language 
(HRSL)—a Lua script—and HIVE Module Description Language (HMDL) code. 
HRE then initializes all modules specified in the HMDL script and displays the GUI 
modules on the main HIVE Window. HIVE Window is a parent window of all HIVE 
visual modules, which have visual representations that would be shown on the screen. 
HIVE Window also serves as the entry point of the framework. That is, when HIVE 
Window is executed, it loads all the binary images of components of the HIVE 
framework and executes them. 

The left image of Fig. 2 shows the function prototypes of a module defined for  
Microsoft Windows platform. When the HIVE framework loads a module, it also ini-
tializes and checks the available messages from the module. When making a GUI 
module, developers should implement at least five export functions and a Lua 
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Fig. 2. Function prototypes of the HIVE Module (left) and Detailed System Design of the 
HIVE Framework (right) 

function called by the HIVE framework. The HIVE framework calls “Init()” function 
defined in the dynamic library module to process any startup code of the module, 
while “Destroy()” is used for cleaning up. “GetMsgMap()” function is also called to 
find out the events that the module can handle. “ProcessPaintMsg()” is called when-
ever the visual component needs to be redrawn. Finally, “IsTopWindow()” function 
checks whether the module is on top of other component modules or not. 

The right image of Fig 2 shows the overall layout of the HIVE framework’s event 
and message flows. The HIVE modules generate events based on the user’s input or 
other stimulus, such as a network packet reception, an input from a web camera, and 
so on. The events are, then, sent to the HIVE message controller in the HRE. Then, 
the message controller checks whether the event handler for the event exists in the 
runtime environment. If the handler is found, the mapped event processing routine 
written in Lua is called, which will be shown in the HIVE Window. 

3.1   HIVE Scripting 

HIVE provides a higher-level scripting system that is executed by HIVE Runtime En-
vironment (HRE). The scripting system consists of HIVE Module Description Lan-
guage (HMDL) and HIVE Runtime Script Language (HRSL) code. HMDL is de-
signed based on the XML script code, for easy configuration and extensibility. 
HMDL is intended to specify the description of module by describing the module’s 
name, executable component file, and event associated with the module. It also de-
fines the position, orientation, and size of the GUI component modules to be laid out 
on the HIVE Window. Finally HMDL defines the event handler code and the initiali-
zation script codes written in HRSL, inside <SCRIPT> and <EVENT> tags of 
HMDL. HRSL incorporates the Lua script language [7]. 

The script code starts with the element “HIVE.” After this element, user can write 
Lua script for global initialization or HMDL code. With given HMDL code, the 
framework loads the dynamic library files listed by the attribute “file” of the XML 
element, “GUI_MODULE” or “MODULE.” GUI_MODULE defines a graphical 
module that has a visual representation shown on the screen, whereas the MODULE 
can work without any visual representation, such as the network communication  
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Fig. 3. An Example of the HIVE Script Code 

module. For the GUI_MODULE, the framework reads “POSTION”, “SIZE”, 
“ORIENTATION”, which defines the layout of each GUI component on the HIVE 
Window. 

Fig. 3 shows an example of HIVE script illustrating a GUI module. The name of 
the module is block. The script loads the “Block.dll”, a Windows dynamic linking li-
brary file. After loading the DLL, the framework registers the functions provided by 
the module. In the script, accessing the module functions can be done by the follow-
ing the dot (.) notation: <module_name>.<module_function>. For example, 
“block.GetX()” allows the scripting tool to access the function named “GetX()” of the 
module, whose name is “block”. The element “EVENT” has an attribute “type,” 
which specifies the name of the event. 

As shown in Fig. 3, the block module contains MOUSE_LEFT_BUTTON_UP 
MOUSE_LEFT_BUTTON_DOWN_AND_MOVE, and so on. When a user clicks on 
the left mouse button, the block module sends the message named 
MOUSE_LEFT_BUTTON_DOWN and, then, triggers a HRSL code fragment, Proc-
essBtnDown(…). The XML element “SCRIPT” is used to define initialization of 
HRSL codes, such as function definitions and global variables. These code fragments 
between the elements “SCRIPT” are executed when the program starts. 

3.2   HIVE Runtime Environment (HRE) 

HIVE Runtime Environment (HRE) is the virtual platform that executes HRSL using 
the Lua interpreter and stores the functions and global variable data. HRE is designed 
around the Lua runtime environment. The Lua runtime environment exists in the form 
of dynamic or static library as well as binary executables specific to the platforms. 
HRE contains the Lua environment as a form of static library to increase the reliabil-
ity of the HIVE framework and to minimize the number of components of the frame-
work for easier deployment. 

HRSL can have functions and data written in Lua, which are maintained in HRE 
during run-time. HRE is designed to raise the reusability of modules. For example, a 
map view interface application (which will be described in section 4.2) marks the  
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location of items with blue rectangles to be shown on the display device. Adding or 
removing these items can be easily modified on the HRSL script without rewriting 
and rebuilding the low-level components. 

In addition, the map view interface marks the current location of the user in the vir-
tual environment as a red rectangle. To show the current location, the interface appli-
cation should get the location data from the virtual environment through a network or 
other medium. However, the 3D virtual world coordinate also needs to be converted 
to the 2D display device coordinate since the 3D world and 2D application have dif-
ferent coordinate system. This converting routine is typically declared in the low-level 
module, especially in VIST. Using HIVE, this routine can be easily implemented in 
the HRSL script. 

4   HIVE Applications 

We developed two handheld user interface applications using HIVE for virtual envi-
ronments to show the usability of this framework. 

4.1   The Block Simulator Interface for Tangible Moyangsung 

Tangible Moyangsung is a virtual heritage edutainment system that employs the 
tangible interfaces to help a group of users to learn collaboration while they work 
together for repairing a destroyed virtual Moyangsung castle [3]. In this system, a 
war story is presented to players to increase the engagement. The mission of the 
game is for players to walk around the castle to find a destroyed part of the wall and 
then repair the wall by putting the tangible blocks (i.e., Tetris-pattern blocks made 
of transparent acryl) on the board before the enemies invade. When the players get 
close to a broken wall in the virtual environment, they would see the pattern of the 
destroyed wall on the tangible (10 x 10 grid) board interface, and then the players 
should put blocks in the correct position on the pattern appeared on the board to re-
pair the destroyed wall of the virtual castle. the block simulation handheld user  
interface. 

Tangible Moyangsung is currently installed in the X-edu studio at Jeonju Univer-
sity. The tangible interface used in this project helps users to easily layer the blocks in 
the virtual environment compared to the traditional virtual interface, such as 3D block 
placement interaction using a 3D input device. However, this interface is not easily 
deployed in other places without the hardware because it is fixed on a table. Thus, we 
used the HIVE framework to develop a handheld user interface that simulates the 
board interface for the Tangible Moyangsung system. This block simulator interface 
is designed for a user to manipulate the blocks with more familiar drag-and-drop 
mechanism. The user simply select a block from the block palette with a mouse or 
stylus, and drag-and-drop it to the appropriate place on the board. This mobile-version 
block interface is still a lot easier than the virtual interface. The left image of Fig. 4 
shows the destroyed part of virtual Moyangsung and the right image of Fig. 4 shows 
the block simulator interface built using the HIVE framework. 
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Fig. 4. The Moyangsung VR system (left), and the block simulation handheld user interface 
(right) 

For the block simulator interface, we created three low-level modules: network, 
block, and grid modules. The network module, which is a non-GUI module, processes 
communication between the interface and the game context server of the Moyangsung 
system to control the virtual environment. The block GUI module is designed for 
block manipulation (such as, moving a block over a window area or presenting the 
mouse cursor on the screen). User’s manipulation of a block generates an event and 
passes it to the HIVE script system. Then, the script system processes the event han-
dler, and then sends a command to the grid module. The grid GUI module checks 
where the block is placed on the board and generates an event to the script environ-
ment that eventually calls the network module to communicate with the game context 
server. 

4.2   The Interactive Map View Interface for Digital Goguryeo 

Digital Goguryeo is a virtual heritage application that reconstructs the Goguryeo mu-
ral painting tomb, Anak No.3 [4]. It is designed to create an interactive learning envi-
ronment that enriches the users’ understanding of the past and to present Goguryeo 
history and culture comprehensively. In this environment, users explore the painted 
chambers and corridors as they exist at the present time. When they are close to the 
painting, the two dimensional painted figures become life-sized three dimensional 
characters, giving narrations about cultural artifacts and interactively ask and answer 
questions on the context of the paintings. 

The right image of Fig. 5 shows the interactive map view interface for the Digital 
Goguryeo application. It shows the user’s current location in the virtual environment 
as a red rectangle and also highlights the location of ten important cultural relic items 
in the tomb presented as blue rectangles. Using this interface, the user can mark 
his/her current VE location or take a memo with a stylus on the touch screen window. 
In this interface, the locations of items are received from the virtual environment 
when the program starts and they are specified in a HIVE script so that the interface 
designer can easily modify them. 
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Fig. 5. Digital Goguryeo inside the tomb view (on the left) and the top-down map view inter-
face (on the right) 

5   Conclusion and Future Work 

In this paper, we presented a new handheld user interface framework called HIVE 
(Handheld-based Interface framework for Virtual Environments). HIVE is designed 
for the rapid prototyping of user interfaces on a handheld computer to support user in-
teractions in a virtual environment. HIVE incorporates a simple module-based archi-
tecture and a higher-level scripting system, to make this toolkit easy to learn and to 
increase reusability and extensibility. In HIVE, Lua is used to support a powerful 
scripting tool that enables developers to easily add interface logics in the script with-
out modifying the low-level modules. A couple of handheld user interface applica-
tions were also developed to illustrate some features of the HIVE framework. 

In the future, we will develop more general 2D GUI modules (such as, sliders and 
menus) and specific VR interaction modules (such as, selection, navigation, and ma-
nipulation) to simplify the development process of virtual interfaces. We will also 
conduct a user study of developing handheld user interfaces using HIVE in compari-
son with a low-level visual embedded C++ language and other toolkits such as VIST 
to investigate if HIVE increases productivity and reusability. 
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