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摘要 

计算机动画在当今具有广泛的应用，无论游戏、电影还是虚拟现实，到处都

有它的身影。人物动画作为计算机动画的一部分，是一个应用研究热点。因为人

物运动的复杂性，无论是人体关节的相互作用，还是皮肤之间的作用，都会随着

运动的不同而不同。想逼真模拟人物运动，不仅要考虑人物的逻辑动作，还要处

理好皮肤等组织的变形。而将人物放置到虚拟环境中，还需要考虑在环境中如何

运动以及与环境中其它物体之间的碰撞检测。这些都具有相当的难度。 

本文的研究工作分为三个主要部分：第一部分是虚拟人运动模型的建立；第

二部分是虚拟人运动控制；第三部分是基于 A*算法的三维地形条件下的路径规

划。 

虚拟人模型是三维计算机动画的基础，在三维人体动画中，首要问题就是要

构造出逼真的人体模型。本文采用分层虚拟人表示方法，在这样一种分层表示模

型中，一个虚拟人模型由基本骨架层和皮肤层组成。其中的基本骨架由关节确定

其状态，决定了虚拟人体的基本运动姿态，然后由皮肤层确定虚拟人显示的外观。 

 运动控制是虚拟人研究中一项十分重要的内容，也是本文的一个研究重点，

本文主要结合了关键帧方法和逆运动学方法来实现虚拟人的步行运动。生物学的

研究把步行运动归结为两个运动相的循环：站立相和摇摆相。本文根据这两个运

动相将每一步划分成三个阶段，并借助3D Max设计出对应于每个阶段的关键帧，

且使用 Spline 插补法来产生平滑的插补曲线，这样使动画看起来很通畅、平滑。

而逆运动学可以明确关节模型中不同层次的对象的位置，可以让运动看起来更自

然协调。 

 要实现虚拟人在三维场景中的行走，本文首先建立一个虚拟场景，并且运用

模糊逻辑理论，用栅格法将 3D 虚拟环境映射成 2D 环境。然后应用启发式搜索

来进行路径规划，产生从初始位置到目标位置的最优路径，引导虚拟人对环境进

行漫游。A*算法是本文用来解决路径搜索问题的启发式搜索方法，其主要思想

是通过不断搜索，以避开障碍物、不断逼近目的地的节点来获得所需要的路径。 

 

关键词：骨骼蒙皮；运动控制；路径规划 
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Abstract 

 Computer animation is widely used in different fields today, such as game, movie 

and virtual reality. As a part of Computer animation, human animation now becomes a 

hot point in application research. Human motion is complex and different from each 

other along, neither the reciprocity between joints, nor the effect between skin. We 

have to consider the human’s logistic action and deal well with the skin distortion if 

we want to realistically simulate the human motion. We also have to consider that 

how virtual human moves and the collision between human and other objects in 

virtual environment if virtual human is placed in virtual environment. 

 There are three parts of this project: modeling a virtual human motion; simulating 

the virtual human motion; path planning based A* algorithm in three- dimensional 

environment. 

 Virtual human model is the base of three-dimensional computer animation. In 

virtual human animation, modeling a realistically human is the first subject. 

Multi-level human expression is adopted in this paper. A virtual human is formed by 

based skeleton level and skin level in this multi-level model. The skeleton level, of 

which the joints determine the state, decides the basic motion pose of virtual human. 

The skin level decides the appearance showed.  

 Motion control is most important in virtual human research and also the keystone 

of this paper. Virtual human walking is the point in this paper. Keyframe and inverse 

kinematics are combined to implement the virtual human walking in this paper. In the 

biological research, human walk is divided into two phases: stance phase and swing 

phase. Based on these two phases, we divide one step into three phases, and design 

the keyframe of every phase by using 3D MAX, then generate even interpolation 

curve by using Spline interpolation method. And then, the animation looks more 

smoothing. And we use inverse kinematics to determine the objects’ position on 

different level in the joint model. And the animation looks more nature and harmony. 

 Before implementing that virtual human walk in the three-dimensional 

environment, we firstly create a virtual environment, and mapping the 3D 
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environment into 2D environment by using grid method based on fuzzy logics theory. 

Then we use heuristic search for path planning, generating an optimal path from start 

position to end position, and lead the virtual human roam in the environment. A* 

algorithm is a heuristic search method used in this paper for path planning. Through 

continuously search, it can find out the nodes to get the required path. 

 

Key Words: Skeletal Skin; Motion Control; Path Planning 
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