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CHAPTER 2 

Related Work 

 

Motion planning problems were originally addressed in the robotics field. The problems that 

have been studied can be roughly divided into two categories: freely moving bodies, and 

fixed-based robot arms. The free-flying object problem is also called the “piano mover’s 

problem,” as described below. Given a piano that has been unloaded at the curb, how to move 

and maneuver it to its final destination inside the house? The problem is non-trivial as often a 

particular sequence of rotations is required to clear tight corners and narrow doorways. The 

fixed robot problem, on the other hand, usually deals with moving a link chain anchored at the 

base. The problem was motivated by the large amount of manipulator robots in the industry.  

 

In this thesis, we will discuss gross motion planning belonging to the first type of 

problem. That is, given a virtual human with versatile locomotion, plan both the gross and 

local motions to reach its destination. The motion for a virtual human to achieve a given goal 

is typically very complex because of the degrees of freedom involved and the contact 

constraint that needs to be maintained. Therefore, it is common to take a two-level planning 

approach to solve this problem. The first level only considers global motion planning, which 

is the motion planning for the whole body treated as a simple projected geometry. Given the 

gross motion plan from the first level, the second level only considers local motion planning 
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that moves the legs of a virtual human to realize the corresponding gross motion in an 

efficient way. In the following sections, we will first review some general gross motion 

planning and character animation approaches. Then we will introduce some two-level motion 

planning approaches. 

 

2.1. Gross Motion Planning 

The gross motion-planning problem was originally brought up in the context of robotics to 

generate collision-free paths for robots. A survey of approaches to the problem can be found 

in [6][14][33]. According to [8], most planners solve this problem with two phases. The first 

phase, called preprocessing phase, converts the geometric problem into a problem with 

abstract data structure (ADT) such as a graph. This ADT will then be used to search for a 

feasible path in the query phase. Generally speaking, early research focuses on developing 

theoretical foundation and complete solutions for the problem [10][24]. Due to the curse of 

dimensionality, several researches in the last decade proposed practical solutions that can be 

applied to wider arrange of applications despite the lack of completeness [7][17]. 

 

Many efficient planners have been proposed to solve the problem for objects with low 

degrees of freedom (DOF’s) (typically less than or equal to four). Most of these planners are 

complete planners because they can always give a correct answer (success or failure) to the 

given problem. Among these planners, the potential-field based approach is the most popular 

one. They compute an artificial potential field in the workspace as the heuristic to search the 

configuration space for a feasible path [7]. For this type of planners, the main challenge falls 

on making the planner suitable for on-line or real-time applications [28][29]. For problems 
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with more than four DOF’s, randomized approaches are usually unavoidable for answering a 

planning query very quickly. Typical randomized planners include RPP [7] and PRM [17] 

planners. The PRM planners, the main stream method at the current time, spend a significant 

amount of time in the preprocessing phase to construct a representative roadmap in the 

freespace. Variations of sampling strategies have been proposed for a generic or a specific 

problem [20][26][3].  

 

2.2. Character Animation 

Among many character animation approaches, motion capture is a powerful and widely used 

technique for generating realistic human motions for computer graphics applications and 

video games. However, one of the limitations on motion capture is that the captured 

sequences are not flexible for adaptation, and can only be used to animate a particular 

sequence in a particular situation. Taking the clip of “running through the hall way and 

climbing up stairs” as an example, in most computer games, this action can be achieved by 

using the “running” motion followed by the “stair-climbing” motion. The motions are linked 

together to create a realistic animation. This is a relatively simple task as all the motions of 

the character are predefined. However, if we change the height of the stairs, the same 

sequence will fail to generate a valid animation.  

 

It is not possible to have a motion capture sequence to cover every kind of the 

environmental variations, as this would be too expensive both computationally and financially. 

Motion warping [2], blending [27], dynamic filter [16], and signal processing algorithms all 

attempt to address this problem by offering some additional flexibility through interpolating 

or extrapolating joint trajectories in the time domain, frequency domain, or both. In practice, 
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they can usually only be applied to a fairly limited set of situations involving minor changes 

to the environment or starting conditions. Significant changes typically lead to unrealistic or 

invalid motions. 

 

Alternatively, kinematics-based methods are more flexible than motion capture 

technologies in handling obstacles in an uneven terrain. Forward and inverse kinematic 

models have been designed for synthesizing walking motions for human figures. The 

researches on automatically generating humanoid motions can be found in the literature of 

robotics and computer animation [11][21][5]. These research efforts differ mainly on the way 

they perform the global path planning and how the locomotion is taken into account.  

 

Although various aspects of motion generation have been studied, we will only concern 

the lower-body motion and the resulting body displacement. Early work in computer 

animation focused on generating a human walking motion to achieve a high-level goal [1] or 

generating a dynamically stable motion for a given path on a flat or uneven ground [23][4][6]. 

But no planning is done to generate the global path automatically. Since our application is 

mainly for computer graphics, simulating human walking with realistic looking will be the 

main concern [5].  

 

2.3. Two-Level Motion Planning 

Due to complexity or the “curse of dimensionality”, motion planning for full human-like 

objects is still unmanageable. Most of the time, the humanoid motion planning problem can 

be decomposed into global and local motion planning problems. One can approximate the 

human model with a simpler object such that its global path planning solutions can be easily 
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obtained. Then the global path is further realized by the local motion planner to generate the 

feasible locomotion. This kind of motion planning problem is usually called two-level motion 

planning. For the problem of generating humanoid motions in a virtual environment, both 

types of planning needs to be considered in order to ensure that the desired task can be 

accomplished. 

 

2.3.1. Low DOF Workspace Approach 

In [12], a gross motion planner utilizing graphics hardware has been proposed to generate 

humanoid body motion on a flat ground in real time. All obstacle geometry within the 

character's height range is projected orthographically onto a grid as obstacles. Then the gross 

planning problem is reduced to find a collision-free path for a disc in a 2D plane. Cyclic 

motion capture data along with a PD controller on the position and velocity is used to 

generate the final motion for the character as it tracks the global path. In [34], a multi-layer 

grid is used to represent the configuration space for a humanoid with different locomotion 

such as walking and crawling, and the humanoid may change its locomotion along a global 

path. Cyclic motions for each locomotion are then added to the trajectory produced by the 

path planner and further verified by the dynamics filter to yield dynamically consistent 

behavior.  

 

In [15], a digital actor is modeled with active (all degrees of freedom attached to the legs) 

and reactive (attached to the upper parts of the body) degrees of freedom. A collision-free 

trajectory is computed for the active part of the digital actor. Then the motion warping 

technique is applied to the motion capture data along the path when the reactive part of the 

digital actor collides with obstacles. In [9], the proposed planner evaluates footstep locations 
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for viability using a collection of heuristic metrics of relative safety, effort required, and 

overall motion complexity. At each iteration of the search loop, a feasible footstep is selected 

from the footstep transition sets. The global path of this approach is a sequence of footstep 

locations toward a given goal state. 

 

2.3.2. Randomized Approach 

In [18], a stochastic search approach which is guided by a combination of geometric 

constraints, posture heuristics, and distance-to-goal metrics has been proposed. The planner is 

able to generate versatile humanoid motions in an unstructured environment where a set of 

predefined grasp points serve as contact constraints. The gross planner will decide a global 

path consisting of a set of grasp points. For each grasp point on the path, the local planner 

uses the grasp point and posture heuristics to generate human motions randomly. In [19], 

sequences of valid footprints are searched through augmented probabilistic roadmap with a 

posture transition graph, and then the hierarchical displacement maps each pair of footprints 

to their corresponding motion clips. Since the motion clips are captured in advance, the 

locomotion may not be flexibly adapted to uneven terrain to avoid collisions.  

 

In [13], a humanoid robot with real-time vision and collision detection abilities is 

presented. The robot can plan its footsteps amongst obstacles but cannot step onto them. 

Considering locomotion directly in global path planning may generate more complete result 

but, on the other hand, it limits the flexibility of locomotion. A recent work that can plan 

efficient humanoid motions in real time with a given general description of the objects in the 

workspace has been proposed in [31][32]. A more detailed description of this approach will be 

given in the following chapters. 


