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Abstract:    In this paper, a novel component-based scene graph is proposed, in which all objects in the scene are classified to 
different entities, and a scene can be represented as a hierarchical graph composed of the instances of entities. Each entity contains 
basic data and its operations which are encapsulated into the entity component. The entity possesses certain behaviours which are 
responses to rules and interaction defined by the high-level application. Such behaviours can be described by script or behaviours 
model. The component-based scene graph in the paper is more abstractive and high-level than traditional scene graphs. The 
contents of a scene could be extended flexibly by adding new entities and new entity components, and behaviour modification can 
be obtained by modifying the model components or behaviour scripts. Its robustness and efficiency are verified by many examples 
implemented in the Virtual Scenario developed by Peking University. 
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INTRODUCTION 
 

With the tremendous growth of the digital en-
tertainment industry in the past decades, the scale of 
game scene is becoming more gigantic. To effectively 
manage and organize the massive data, game engine 
usually uses hierarchical scene graph. Many popular 
3D modelling tools, such as Maya, 3D Studio Max, 
use scene graph to manage the scene content 
(Sowizral, 2000). 3D modelling software—Houdini 
directly edits scene graph to create and modify the 
virtual environment. Most virtual reality systems, 
especially those distributed ones, adopt the architec-
ture based on scene graph, for example DIVE (Frécon 
and Stenius, 1998), Repo-3D (MacIntyre and Feiner, 
1998), Avocado (Tramberend, 1999). With the sup-

port of a lot of 3D Graphics Specification (VRML 
(Lukka, 1999), X3D (Brutzman, 2003)) and common 
3D programme development library (SGI Open In-
ventor (Hartley, 1998), Java3D (Orr, 2001)), the 
scene graph has become one of the most popular ways 
in 3D applications. 

In the virtual environment or the game, scene 
graph manages the scene contents or the scene objects 
according to the affiliation relationship, and is a di-
rected acyclic graph (DAG). Its multifarious 
group-node affects or restricts its child graph. Each 
leaf-node is a container of the geometry object and the 
attribute object, with the geometry object encapsu-
lating the geometrical data of the scene object, and the 
attribute object inflecting the rendering effect on the 
render environment of the scene object.  

Our component-based scene graph takes each 
scene object as an entity where the content and the 
behavior are separated. The behavior is defined by 
two means: script or behavior model. Differing from 
the traditional scene graph in which various group- 
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nodes are utilized to perform different function ele-
ment, with the function element of our scene graph 
being separated and encapsulated from the scene 
graph. By this data separation, the entity, the behavior 
model and the function element can be composable. 
In this way we can extend the system flexibly by 
adding new dynamic link libraries (DLL) without 
touching the system source code which bring nu-
merous advantages in the construction of the scene or 
the virtual environment 
 
 
RELATED WORK 
 

The scene graph was first presented by Strauss 
and Carey (1992). One of the most famous scene 
graphs in commercial software is Open Inventor 
(Hartley, 1998) which is the 3D graphics program 
development library of SGI. Recently, with the de-
velopment of Object-Oriented Design and the reus-
ability technology in the software engineering field, 
the design of the scene graph tends to the “Kernel+ 
Plug-in” model so that the extensibility of the scene 
graph becomes one very important feature. The 
Kernel usually includes the hierarchical structure of 
the scene graph, mathematical library and basic 
graphics units. Plug-in usually provides the reading- 
writing, operation, and rendering of the complex 
object. OSG (Burns and Osfield, 2004) is a typical 
programming toolkit which uses the “Kernel+Plug- 
in” model. The kernel of OSG realizes a classical 
hierarchical structure of scene graph, and provides 
multifarious group-nodes to realize the space trans-
form, fog, light, etc. The plug-in of OSG provides the 
conversion of file format, the rendering of complex 
object and special traversal of scene graph, and so on. 

Another trend of scene graph design is to sepa-
rate data from algorithms, because scene data is in-
dependent while the algorithms depend on a different 
development platform. BOOGA—a Compo-
nent-Oriented Framework (Amann et al., 1997) for 
computer graphics is such a representative work. 
BOOGA is made of three layers: the Library Layer, 
the Framework Layer, and the Component Layer. The 
Framework Layer encapsulates the geometric object 
of 3D graphics, and the Component Layer is the 
combination of different components, each of which 
performs an operation on the data structures from the 

framework layer. The Component Layer encapsulates 
the operation algorithm of each object. BOOGA 
consists of ready-to-use components to support rapid 
application development. New components can be 
seamlessly integrated into the existing system. VRS 
(Döllner and Hinrichs, 2000; 2002) is another similar 
render system. VRS consists of graphics object, scene 
graph and behavior graphs. Graphics Objects repre-
sent shapes, graphics attributes, and non-graphics 
attributes. Behavior graphs describe event-dependent 
and time-dependent behavior of scene objects. 

Behavior is also an important function of the 
scene graph. Java3D uses behavior node to realize 
animation, keyboard and mouse event response, 
movement, and selection. Open Inventor implements 
behavior by the call-back function of scene graph 
node. Both these two methods have their own disad-
vantages. While realizing a new behavior, Jave3D 
must increase a behavior node and Open Inventor 
needs to write a new call-back function. 

 
 

ARCHITECTURE 
 

Our scene graph framework consists of five parts: 
the scene graph kernel, the entity library, component 
library, behavior library and scene graph engine 
(Fig.1). The scene graph kernel can create leaf-node 
and group-node, realize basic function element and 
define the interfaces for all components. The entity 
library is the dataset of all entities. The initial entity 
library is null. The component library is the aggregate 
of entity components, behavior model components 
and function element components. The script library 
is the aggregate of the behavior script to which the 
entity can be loaded. Scene  graph  engine is made of  

 
 
 
 
 
 
 
 
 
 
 
 

Entity Component Script

Kernel 

 
 

 

Scene graph engineer 
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Fig.1  The architecture of  our scene graph 



Li et al. / J Zhejiang Univ SCIENCE A   2006 7(7):1247-1252 1249

three child engines: scene graph execution engine, 
entity proxy and script engine.  

An instance of the scene graph is a hierarchical 
graph in which the kernel uses structural node to link 
the entity instance. Running a scene graph instance is 
such a procedure: the execution engine visits the en-
tity proxy to get the entity data and all kind of com-
ponents, and the script engine gets behavior script and 
translates it for execution engine according to the 
behavior script template engine from component 
library. The entity proxy maintains all the entities and 
components of current scene graph. When the scene 
graph needs a new entity and component, the entity 
proxy loads it from the entity library and the com-
ponent library. If an entity and component is not ac-
tive for a long time, entity proxy will release it.  

 
Kernel 

The element of the scene hierarchical graph is 
called the scene element, which includes structural 
node, function element and entity instance. The 
structural node responsibility is to organize the scene 
element. The function element offers operation for a 
structural node, and entity instance is the scene con-
tent. Scene hierarchical graph is a directed acyclic 
graph (DAG), and has only one root. Every scene 
element, except the root node, can be shared (Fig.2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Structural node 
Structural node is the container of scene ele-

ments. It has two kinds of nodes: group node and leaf 
node. The group node contains leaf node, and the leaf 
node contains entity instance. Both the group node 
and leaf node do not have any function, and just or-
ganize the scene according to affiliation. Structural 

node has several attributes, with its child tree inher-
iting these attributes.  

2. Function element 
The traditional structural node has various func-

tions, and usually provides some operations, such as 
space transform node, light node, fog node, billboard 
node, switch node and so on. We separate these nodes 
from structural node, and encapsulate them as func-
tion elements. Structural nodes only organize the 
scene, and their function is realized by function ele-
ments. A structural node can link some new function 
elements, so that we can increase a new function 
element. All function elements inherit the same in-
terface, with the interface having three functions: the 
before-traversal-function, the after-traversal-function, 
and the interaction handler function which responds 
to the keyboard and mouse event. 

The advantage of separating function element 
from structural node is releasing the restriction of 
scene objects’ functional affiliation. Consequently 
our scene graph is purely organized according to 
content affiliation. Since a group of scene elements 
share one function, conventional scene graphs take 
the functional node as the parent of these group nodes. 
For example, if a group of unassociated scene ele-
ments have the same lighting parameters, conven-
tional scene graphs will take these group scene ele-
ments as the child of the light node. While such group 
scene elements in our scene graph will share the light 
node. Obviously, our scene graph architecture re-
duces the depth of the hierarchical structure, since we 
do not need to increase a parent node for every new 
function. In this way, it is more convenient for our 
framework to add new functions, while our scene 
graph can maintain a small kernel. 

 
The behavior script and the behavior model 

Our scene graph system realizes the entity be-
havior by two means: script and behavior model. The 
behavior script is executed when handling an event 
and the behavior model is a traversal method of scene 
graph. Behavior script should be translated by script 
engine; the behavior mode is a compiled DLL and can 
be executed directly. When the behavior script and 
the behavior model are executed, the input comes 
from the property list of the entity and the output edits 
the entity property.  

1. Behavior script 

Fig.2  Scene hierarchical structural graph 
A, B, C, D, G, H are structural nodes; E, F, N, J are function
elements; K, L, M, R, I are entity instances. F is shared by
A and B; R is shared by C and H 
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A behavior script is a sequence of script com-
mands, each of which corresponds to a function. The 
system defines all the script commands in the script 
template and the command function is implemented 
in the component. For the in-depth discussion of the 
definition of script criterion, please refer to (Adams, 
2002). 

2. Behavior model 
The behavior model, for example, the physical 

simulation model, is to realize behaviors for every 
entity. The behavior model does not use script, but 
uses a compiled DLL-Behavior model component to 
realize behaviors. In the executing mode of behavior 
model, the required attributes can be dynamically 
added to the property list of the entity instance. These 
attributes which can be dynamically appended are 
called behavior model property aggregate. The be-
havior model only visits the property aggregate of the 
behavior model. For example, for a simple mechani-
cal simulation behavior model, its property aggregate 
is mechanical parameters one, and the behavior model 
will compute the mechanical state for every entity 
instance according to their property aggregate of the 
behavior model. 

 
Scene graph engine  

Scene graph engine is made of three parts: entity 
proxy, script engine and execution engine, in which 
the execution engine is core, and takes charge of 
executing the scene graph instance, and the entity 
proxy and the script engine provide service for exe-
cuting the engine. 

1. Entity proxy 
The entity proxy maintains the required entities 

and the entity components of the current scene graph 
instance. The operation of the entity proxy is to load 
and unload the entity components by use of the Ref-
erence Count Semantics to manage the life of entity 
components, and buffering the entity components by 
LRU algorithm to avoid dithering. The advantage of 
using the entity proxy to manage entity components is 
that entity components are transparent for scene graph 
execution engine.  

2. Script engine 
The function of the script engine is translating 

behavior script to executable code. The script engine 
installs the required script template components from 
components library. A script template defines a set of 

script commands which are encapsulated in a com-
ponent. The script engine chooses a script template 
component according to various applications. During 
the execution of an entity instance, if it refers to be-
havior script, the script engine will be run to translate 
the referred script to executable code.  

3. Execution engine 
The task of scene graph execution engine is 

scene graph traversal implementation. The basic tra-
versals in the scene graph are: update traversal, clip 
traversal and render traversal. The traversal in the 
scene graph is from update to clip and render orderly. 
Users can add a new traversal at an arbitrary position 
in the scene graph. The execution engine traverses the 
hierarchical graph from top to bottom and from left to 
right in the scene graph, with child nodes inheriting 
the attributes of parent, but brothers do not affecting 
each other.  

The core of scene graph traversal is the rendering 
traversal. The render traversal manages the render 
environment and draws the scene with the entity’s 
render function. The process of render traversal is that 
when a structural node is visited, the before-traversal- 
function elements with which this structural node link 
is executed, and then to traverse all children of the 
structural node; finally the after-traversal-functions 
are executed in reverse; when a entity instance is 
visited, the entity’s render function is called upon to 
draw the entity. Fig.3 is an issue of render traversal. 
 
 
EXAMPLES 
 
Example 1: A simple 3D scene 

The example shows how to create a 3D scene by 
using our scene graph framework. The virtual scene 
consists of rabbit, windmill, carriage and terrain, and 
we use structural node to link the various entities and 
form a hierarchical graph. We write a behavior script 
for the rabbit and windmill. The behavior script of 
rabbit is executed in the operation of handling event, 
and the behavior script of windmill is run in the up-
date operation; the rabbit’s behavior is jumping when 
it is clicked, and the windmill’s behavior is to turn 
around along the z-axis. Fig.4 is the issue of forming 
the scene, Fig.5 is the behavior script of the scene and 
Fig.6 shows the snapshot of the virtual scene. 
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// the code of forming scene 
GroupNode root=new GroupNode; 
LeafNode[A, B]=new LeafNode; 
EntityInstance [D, E, F, G]=new EntityInstance; 
FuncElement H=new LightElement; 
root.append([A, B]); 
root.append(H); 
A.append([D, E, G]); 
B.append(F); 
D.attach(“Terrain”); 
E.attach(“Windmill”); 
F.attach(“Rabbit”); 
G.attach(“Carriage”); 

Scene graph 

Root 

 

A 
 

B 

D E G F 

 

Fig.4  The issue of forming the scene 

H 

(1) The behaviour script of Windmill (E1) 
/* The rotation angle add one every frame */ 
E1.rotation.axis=vector3f(0, 0, 1); 
E1.rotation.angle=E1.rotation.angle + float(1); 
(2) The behaviour script of Rabbit (E2) 
/* if a clicked event happens, Set the velocity and accel-
eration property of rabbit */ 
If  event.type==Mouse_Down  Then 

E2.velocity=vector3f(1, 1, 0); 
E2.acceleration=vector3f(−0.01, −0.01, 0); 

End if 

Fig.5  Behavior scripts of the scene 

Fig.6  The virtual scene 

Fig.7  The race game 

Fig.3  Issue of traversal scene graph. (a) A scene graph
instance. A, B, C are structural nodes, F, I are function
elements, and D, E, G, H are entity instances; (b) The
expanding graph of render traversal; (c) The puppet
code for rendering procedure. The functions of “apply”
and “unapply” are applying function element and
canceling function element, and correspond to the
executing function before traversal child nodes and the
executing function after traversal child nodes 
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Example 2:  A race game 
Our scene graph framework can be taken as a 

mini game object-oriented game engine. We imple-
ment a race game to test the effect of our game engine. 
Based on the hierarchical tree-structured scene graph, 
our game engine supports the hierarchical view frus-
tum culling by AABB-boundingbox for each node, 
and a triangle-based quadtree for polygon culling and 
terrain rendering (polygons are internally sorted by 
texture), and a hierarchical Z-buffer designed for 
hidden face removal. Furthermore, the functions such 
as collision, dynamic lighting and shadows are im-
plemented. 

The race game is run on a PC whose CPU is 
AMD Sempron 2500+, memory is 512 MB, and the 
graphics card is ATI9550. The scene has 22634 ver-
texes and 14316 faces, and the resolution of rendering 
window is 640×480, then the race game can run at the 
speed of 270 fps. Fig.7 (see page 1251) shows a 
snapshot of the race game. 
 
 
CONCLUSION 

 
A novel scene graph framework which can cre-

ate a virtual scene conveniently is presented in this 
paper. We provide a flexible mechanism for the scene 
graph to extend content and behavior. As long as a 
new scene object is encapsulated and added into the 
entity library and the component library, it can join 
the corresponding system. Furthermore, we do not 
need to modify the source code for the new scene 
object. We also can dynamically increase the entity’s 
behavior. If all the entities need a common behavior, 
we can add a behavior model to implement it. If an 
individual entity needs a new behavior or changes its 
behavior, we can implement this by writing a script or 
editing the script. The examples verify that our scene 
graph framework is extensible and efficient. 
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