
 
 

 

  
Abstract— Due to the great diversity of individuals, the 

variety of behaviors, and the potential complexity of 
environment, creating autonomous virtual human in realistic 
virtual environment has been a challenging area in virtual 
reality research. This paper focuses on autonomous movement 
animation control for synthesizing the life-like actions of virtual 
human. A hierarchical structure of autonomous movement 
animation control is described. Optimized A* algorithm is 
implemented for pathfinding in the high level; steering control 
is applied in the middle level for incorporating the surrounding 
dynamic environment, avoiding obstacles and tending toward 
safety; collision detection copes with the collisions in 
physics-level, and skinned mesh animation produces realistic 
action animations of virtual human. Experiments have been 
carried out in simulated virtual environment, which 
demonstrate the robustness and efficiency of the presented 
approach which makes the autonomous virtual human's 
movement in virtual environment appear intelligent, smooth 
and natural. 
 

Key words—Autonomous behavior, obstacle avoidance, path 
planning, virtual human.  
 

I. INTRODUCTION 
Combining artificial intelligence with virtual reality 

techniques to create autonomous virtual human in realistic 
virtual environment has been a heated topic in the area of 
virtual reality research in recent years [1-7]. There are two 
types of virtual humans as defined by N.I. Badler[1]: Agent, a 
virtual human figure representation that is created and 
controlled by computer programs or simulator; Avatar, a 
virtual human that represents and is controlled directly by a 
real human. Many efforts have been made in the research of 
virtual human, which mainly include geometry modeling, 
physics modeling, perception and cognition, 
decision-making and behavior modeling. Nowadays, there 
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are numerous applications of computer graphics, computer 
animation and simulation where it is necessary to model 
life-like virtual humans with high level autonomous behavior 
control ability, such as human factors analysis, city planning, 
architecture visualization, military simulations, virtual reality, 
gaming and other interactive entertainments. 

We proposed an integrated AI framework for the 
perception and behavior decision of autonomous virtual 
human in [8], as shown in Fig. 1, which mainly implements 
an Octree frustum culling-based visual perception system 
and a decision network-based behavioral decision making 
system. Movement control forms the lowest level of AI 
technique in the autonomous virtual human model, which is a 
core component responsible for synthesizing movement 
behaviors of virtual humans and must be able to get the 
information about the environment, steer the virtual human’s 
movement to pursue some goal, avoid the obstacles and 
collisions with other characters, tend toward safety and 
escape from the dangers. In this paper, we focus on the 
hierarchical real-time autonomous movement control for 
synthesizing life-like movement behaviors of virtual humans 
in virtual environment. Optimized A* algorithm is 
implemented for pathfinding, steering control is applied for 
incorporating the surrounding dynamic environment, 
collision detection copes with the collisions in physics-level, 
and skinned mesh animation produces the realistic action 
animation of virtual human. Experiments have been carried 
out in simulated virtual environment, which demonstrate the 
robustness and efficiency of the presented approach that 
enables the autonomous virtual humans’ movement 
animation in virtual environment appear intelligent, smooth 
and natural. 

 
 

 
 

Fig. 1 Integrated AI Framework of Autonomous Virtual Human 
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Fig. 2 Hierarchical Movement Control of Virtual Human 

 

II. HIERARCHICAL STRUCTURE OF AUTONOMOUS 
MOVEMENT ANIMATION CONTROL 

Fig. 2 illustrates the hierarchical structure of movement 
animation control for autonomous virtual human.  

(1) In the high level, path planner is responsible for 
determining where the character intends to move. This is 
often a pathfinding algorithm, generating intermediate targets 
on the path to a final goal. The popular A* algorithm is 
chosen for pathfinding search and the optimization 
postprocessing is applied for smoothing the path to get rid of 
the zigzag effect produced by the basic A* search. 

(2) In the middle level, steering control is implemented for 
dealing with the dynamic objects which move in the virtual 
environment over time and the detailed fine obstacle features 
on the terrain. Steering is responsible for moving the 
character to its goal by incorporating its surrounding dynamic 
environment, which avoids the static and dynamic obstacles, 
and tends toward safety as it moves. 

(3) In the bottom physics-level, skinned mesh animation 
using vertex blending is implemented for driving realistic 
animations of virtual human and collision detection copes 
elegantly with the collision in physics-level to avoid the 
virtual human get stuck on an obstacle. 

In the following sections, the details of the hierarchical 
movement animation control for autonomous virtual human 
will be expanded. 

 

III. PATH PLANNER 

A. A* Pathfinding 
To successfully find a efficient path from one location in 

virtual environment to another, the virtual human must be 
provided with some search space representation of the 
navigable virtual world and be able to execute search over the 
space. A* search algorithm [9,10] is a common solution for 
the search itself and has been used with great success. 

A* algorithm is the most popular choice for pathfinding, 
which was originally applied to various mathematical 
problems and was adapted to pathfinding during the early 
years of artificial intelligence research. A* algorithm is fairly 
flexible and can be used in a wide range of contexts, which is 
guaranteed to find the best path from the origin to the 
destination, if one exists. A* is like other graph-searching 
algorithms which can potentially search a huge area of the 
map. It’s like Dijkstra’s algorithm which can be used to find a 
shortest path. It’s like BFS in that it can use a heuristic to 
guide itself [9]. 

B. Optimization Postprocessing of A* Pathfinding  
Although A* search is widely implemented in solving 

pathfinding problems, the basic A* has been found woefully 
inadequate for achieving the realistic movement required by 
virtual human. In Fig. 3, the left column shows two examples 
of the basic A* search in pathfinding, which produces an 
unfortunate “zigzag” effect. This effect is caused by the fact 
that basic A* algorithm searches the eight tiles surrounding a 
tile, and then proceeds to the next tile. This is fine in primitive 
games where units simply hop from tile to tile, but is 
unacceptable for the smooth movement required in real-time 
navigation of virtual human in virtual environment. [11] 
presented a postprocessing solution for smoothing the path to 
get rid of the zigzag effect, which takes place after basic A* 
algorithm has completed its path. The smoothing algorithm is 
similar to “line of sight” smoothing, in which all waypoints 
are progressively skipped until the last one that can be “seen” 
from the current position. The smoothing algorithm simply 
checks from waypoint to waypoint along the path, trying to 
eliminate intermediate waypoints when possible.  In Fig. 3, 
the right column shows the optimization postprocessing for 
smoothing the paths achieved by the basic A* search which 
are shown correspondingly in the left column. 

 
Fig. 3 Optimization Postprocessing of Basic A* Search. The paths 
in left column shows the results of the basic A* search, and the paths 
in right column show the results of the smoothing postprocessing. 
The black blocks represent the buildings on the terrain; “S” denotes 
the start and “T” denotes the termination for the pathfinding.  



 
 

 

IV. STEERING CONTROL 

A. Limitations of Static A* Pathfinding 
A* algorithm is a static pathfinding algorithm, which can 

hardly fulfill the task of planning path dynamically in real 
time to deal with the dynamic objects in virtual environment. 
It uses a grid-based map representation for pathfinding, 
which makes it impossible to mark all the detailed fine 
obstacle features on the map for the A* search space, such as 
the trees or the small scale static obstacles in the virtual 
environment, due to the limited cell subdivision of the search 
space. Moreover, the unnaturally straight-lines fashion of A* 
planned path makes things even worse. So the A* path 
planner only generates the intermediate targets on the path to 
a final goal. 

B. Steering Controls 
Reynolds proposed a model for flocking based on local 

rules, as well as a system for simulating realistic autonomous 
virtual characters using steering forces [12]. In [12], 
Reynolds describes the term steering behavior, which 
addresses “the ability of a character to navigate around their 
world in a life-like and improvisational manner”. Steering is 
responsible for moving the character to its goal by 
incorporating its environment. For example, a character has 
to avoid a collision with an obstacle during walking to his 
destination.  

The steering behaviors are described in terms of the 
geometric calculation of a vector representing a desired 
steering force. The common steering behaviors include: seek, 
flee, pursuit, evasion, offset pursuit, arrival, obstacle 
avoidance, wander, path following, flow field following, 
unaligned collision avoidance, separation, cohesion, 
alignment, flocking and leader following. [13] proposed a 
family tree of the steering behaviors, which marks a steering 
behavior as a child of another if it can be seen as extending 
the behavior of its parent, as shown in Fig. 4.  In our system, 
the following steering behaviors are mainly implemented: 
Seek and Flee, Pursue and Evade, Path following and 
Obstacle avoidance. A sidestep repulsion vector [14] is 
introduced in our steering computation to cope with the 
problem when the total steering repulsion is roughly opposite 
to the destination direction. 

 

 
Fig. 4 Steering Family Tree [13] 

 

C. OpenSteer Library Implementation 
In our system, OpenSteer Library is implemented for 

computing the steering behaviors. OpenSteer [15,16] is an 
open-source toolkit to support construction and simulation of 
steering behaviors of autonomous characters in games, 
animation and simulations, which is the C++ implementation 
of Reynolds’ steering model. OpenSteer uses an abstract 
mobile vehicle model for steering behaviors, which is 
defined as a point mass approximation with the following 
properties: mass, position, velocity, maximum steering force 
(acceleration), maximum speed, etc.  

The physics of the abstract vehicle model is based on 
forward Euler integration. At each simulation step, the 
currently selected steering behaviors return the desired 
steering forces limited by maximum steering force and the 
steering forces are applied to the vehicle’s point mass. This 
produces acceleration equal to the steering force divided by 
the vehicle’s mass. That acceleration is added to the old 
velocity to produce a new velocity, which is then truncated 
by maximum speed. Finally, the velocity is added to the old 
position. In brief, the computation is as following, 

steering force = truncate (steering forces, max force) 
acceleration = steering force / mass 
velocity = truncate (velocity + acceleration, max speed) 
position = position + velocity 
 

V. PHYSICS-LEVEL CONTROL 

A. Collision Detection 
Steering is a practical, fast solution to obstacle and hazard 

avoidance, but it isn’t intended to be entirely fool proof. 
Occasionally, collisions will occur between entities; for 
example, if the magnitude of a repulsion vector of steering 
isn’t high enough, or if the specific steering vector is ignored 
due to the combination strategy of different steering 
behaviors. A virtual character can also collide with the static 
obstacles while avoiding dynamic hazards.  So the collisions 
should be coped with elegantly in the physics-level of 
movement control system by collision detection process in 
order to avoid the virtual human get stuck on an obstacle.  

Collision detection, also known as interference detection 
or contact determination, is the process of detecting pairs of 
geometric objects that are intersecting or are within a given 
proximity of each other [17]. SOLID Collision Detection 
Library [18] is implemented in our system. SOLID is a 
software library containing functions for performing 
intersection tests and proximity queries that are useful for 
interference detection of multiple three-dimensional objects 
undergoing rigid motion in the context of collision detection. 
In SOLID, the motions of objects are controlled by the client 
application, and the collision response is handled by callback 
functions. The types of response and the callback functions 
that need to be executed for each pair of intersecting objects 
are stored in a response table. Given a scene and a response 
table, a collision test computes the required response data for 
all pairs of colliding objects on which a response is defined 
and passes these data together with the colliding pair to the 



 
 

 

callback. The response actions are defined by the client 
application in the callback. 

B. Skinned Mesh Animation 
For driving the 3D virtual human models to produce the 

realistic smooth action animation, the skinned mesh 
animation technique [19-22] is implemented.  

Skinned mesh animation is a kind of skeletal animation 
technique, which provides a natural underlying structure for 
driving an articulated character such as virtual human. 
Skinned mesh doesn’t suffer the problem of rigid body 
animation [20]. In skinned mesh animation, portions of the 
character's skin can normally be associated with multiple 
bones, each one having a scaling factor called vertex weights, 
or blend weights. To calculate the final position of the vertex, 
each bone transformation is applied to the vertex position, 
scaled by its corresponding weight. This algorithm is called 
matrix palette skinning [19,20]. Skinned mesh animation 
combines both advantages from articulated body animation 
and single mesh blending animation, namely flexibility and 
smoothness.  

In our system, we animate a skinned mesh of virtual 
human with the “SkinnedMesh” class in the DirectX SDK 
Library. A virtual human can have multiple animation 
sequences for his different behaviors. For example, a 
character may have a walking sequence, a running sequence, 
an idling sequence, a fighting sequence, and so on. The 
multiple animation sequence data is represented by animation 
set data which has been pre-edited and embedded into .X 
model file of the virtual human. Once the .X model files have 
been loaded by DirectX API, the animation set is loaded into 
the animation controller. According to the output name of the 
behavior control module, the controller switches between the 
multiple animation sequences, picks up the corresponding 
animation from the animation set, and plays it. Fig. 5 shows 
some examples of skinned mesh animations of virtual 
character. 

VI. EXPERIMENTS AND CONCLUSIONS 
Experiments have been carried out in the simulated virtual 

environment. The virtual environment comprises terrain and 
stationary objects. Fig. 6 shows some scenes produced in our 
experiments. Experimental results prove the sufficiently 
robustness and flexibility of the proposed hierarchical control 
approach for producing life-like movement animation of 
autonomous virtual humans in the real-time interactive 
virtual environment. 

 

 
Fig. 5 Examples of Skinned Mesh Animation 

 

Fig. 6 Scenes of Experimental Results 
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