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1 Introduction 

 

Abstract. We present a novel shape approximation method using a 

pill decomposition approach given the surface points and their 

corresponding normals at each point on the surface. We first extract 

the maximal empty sphere representation of a given input shape and 

then construct the ‘pill’: consisting of two sphere meshes. These 

collection of pills are progressively decomposed to obtain a good 

approximation of the original shape. Our algorithm is easy to reuse 

and implement and is currently available in a multi-processing 

setup. To ensure reproducibility and further research, the source 

code and raw data has also been released. 

 

Modern devices such as Virtual Reality (VR) need robust real time 

body tracking systems to track the particular objects which may come 

in front of it. This means there is a need of an appropriate 

representation, which when combined with a lightweight 

customized tracking algorithm can be readily deployed with ease on 

an edge device. 

 

In this report, we introduce a modified geometric representation mesh 

structure known as the 'pill'. We propose a new algorithm based on 

this representation to approximate the shapes of various objects using 

the Medial Axis Transform. Further, we also perform extensive 

analysis on a variety of shapes and sizes using our ‘pill decomposition 

approach’ and obtain good approximations as reported in the sections 

below. 
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2 Methodology 

 

2.1 Geometric Representations 

 

The fundamental unit or shape using which a particular 3D structure 

is represented is known as the geometric representation for that 

particular shape. 

Following are some commonly used geometric representations. 

 

 

 

     Figure 2.1(a) 

 

In this report, we employ ‘sphere meshes’ to represent the full body of 

a human. It was shown in [1] that sphere meshes were the most 

efficient complexity wise for dealing with human like shapes. 

Therefore, we considered sphere meshes to be the most appropriate 

representation in this case.  
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2.2 Existing Approaches 

 

 

 

Figure 2.2(a): Voronoi diagram/Ray tracing based methods 

 The idea is to construct an approximate represenatation using a basic 

unit (covered below). Such methods are less prone to discretization 

errors leading to higher precision but they require heavy 

computational requirements.  

 

 

 

Figure 2.2(b): Deep Networks 

Deep Learning based networks extracts the features (ex: skeleton 

points) from a certain Region of Interest (ROI) and then uses a GCN 

(or CNN in some cases) to obtain the frame level prediction. This is 

then extrapolated over the previous/next frames if necessary. 
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2.3 Tracking Techniques 

 

Tracking techniques can be broadly divided into 2 categories:- 

• Generative Tracking 

• Discriminative Tracking 

Each of these approaches have their own respectively advantages and 

disadvantages:- 

• Discriminative tracking procedures are usually more precise (i.e; 

prevent error propagation) and they need more data. 

• Generative tracking procedures can be re-initialized and they are 

based on templates. However, final convergence and 

optimization depends significantly on the initial template 

chosen. 

An ideal scenario would usually be a mix of the two methods: 

Develop an initial novel representation (generative) and use it for 

realtime (discriminative) hand tracking. 

 

2.4 Sphere Meshes 

Why Sphere Mesh? 

- In [1], it was shown that a sphere mesh based tracking template 

performed significantly better than other template based models. 

Some of it’s advantages were:- 

 * Complex motion tracking 

 * Tracking at 60 FPS 

 * No need of per-frame re-initialization. 

An additional advantage of using sphere meshes is that it’s 

exceptionally stable – usually MAT based algorithms are known to be 
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notoriously hard to properly optimize to a particular shape’s boundary 

[2]. This in turn helped to design our proposed algorithm efficiently. 

 

2.5 Medial Axis Transform (MAT) 

 

What does Medial Axis Transform (MAT) actually mean? 

 - A medial ball is a ball that fits completely inside B and does not 

contain any other ball that would fit inside B. The MAT is defined as 

the set of points that are the centres of all medial balls of B (see 

Figure in the previous slide). Each medial ball touches the medial ball 

B in at least two points, called its feature points. 

 

 

   Figure 2.5(a): MAT for a random shape 

 

 

Why is it useful? 

The MAT can be typically subdivided into open clusters that 

correspond to various features such as curves and sharp edges in the 

given shape. Further, such representations expose different 

propertiesof a shape which has their own unique use cases. This MAT 

can then be used for further post-processing where it can be used to 

extract specific features. 
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2.6 Rotating Calipers (R.C.) Algorithm 

 

 

 

 

This algorithm is used to find out the set of antipodal points in a 

convex 2D hull. This algorithm has a complexity of O(NLogN). This 

is especially useful in implementing our algorithm as we are required 

to find out the furthest point in the surface from the initial chosen 

point. 

 

2.7 Initial Ball and Point Construction 

 

 

Figure 2.7(a): Initial Ball construction 

Figure 2.6(a): Convex Hull for a set of 

points. Points in red are antipodal. 
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Initial Ball construction 

We use the algorithm proposed in [4] to obtain the initial maximal 

ball. The initial ball radius is set which is iteratively made to be 

maximal by running a KDTree query to find out the nearest 

neighbours from that point and checking whether the radius equals the 

distance from the sample point to the center of the ball under 

consideration. 

Initial point 

This can be any random point from the given set of coordinates. We 

employ a simple randomizer to pick any index from a given input list 

of points. 

 

2.8 Iterative Radius 

 

 

The radius for each maximal empty ball is calculated iteratively by 

applying the simple formula below:- 

 
Each of these radiuses obtained has to satisfy certain criterions:- 

• If r<0: Then the ball has been computed on the other side of 

the curve and hence can’t be taken into consideration 

• If r>init radius: Otherwise the algorithm will diverge. 

Figure 2.8(a): Iterative refinement of the radius at each step 
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3 Experiments and Results 

 
3.1 Pill: A New Representation 

 

 
 

   Figure 3.1(a): The Pill structure 

 

Pill: The ‘Pill’ data structure can be thought of as a set of 2 

sphere mesh balls which are connected by 2 direct common 

tangents (DCTs). It can be thought of as a ‘primitive’ building 

unit. 

 

Applications: This construct is particularly important for 

approximating surfaces – these can be thought of as a 

fundamental representation which can be further broken down 

as far as possible. The more these ‘pills’ are broken down, the 

better the obtained figure is for that shape. 
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3.2 Proposed Algorithm 

 

Our proposed algorithm has been outlined below. 

 

 
 

 

# Here, MASB refers to the maximal empty ball class. 
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3.3 Maximal Empty Ball figures 

 

Below are the obtained Maximal empty Ball figures for shapes 

are shown:- 

 

                                      Figure 3.3(a): A giraffe 

 

 

  Figure 3.3(b): A Human 
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3.4 Approximated Figures 

Some obtained shape approximations for some figures are shown 

below. (With Downsampling: 10 and for 10 iterations) 

 

 
Figure 3.4(a): A Tricapsule 

 

 
Figure 3.4(b): An Octopus 
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3.5 Implementation details 

The following crucial input parameters are required for running 

the algorithm:- 

1. Downsampling rate (d): This option takes in the no. of points 

per d no. of points. This is important for the stability and 

robustness of the algorithm – otherwise extra points may 

introduce excessive noise. We found a rate of 10 to satisfy 

our needs although this parameter can vary greatly from user 

to user. 

2. Neighbours (k): The no. of neighbouring points to be 

considered while running a kd query. We found the optimal 

value to be 10.  

3. Initial radius (r): The arbitrary initial radius which is to be 

given for the initial empty maximal ball to be formed. If the 

initial point is the first point itself, then the radius can be 

obtained using the compute_radius function below:- 

 

We kept the default value of r to be 500 for all our 

experiments. 

4. Iterations (n): An initial budget which is given to the 

algorithm which should be hopefully enough for the 

algorithm to converge to a good approximation. We found 

either 9 or 10 iterations to be suitable for our purposes. 

5. Workers (w): The no. of multiprocessing workers to be used 

for the algorithm. Recommended value is no. of CPU cores-1. 

The x, y coordinates and the corresponding normals at each 

point are given in .txt files which are then pre-processed to 

remove any duplicate or malicious points. These are then used 

in accordance to Algorithm 1 as proposed in section 3.2.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
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4 Conclusion 
 

In this project we achieve the two major goals set out: to obtain the 

maximal empty ball representation for shapes (as illustrated in section 

3.3) and to obtain a good approximation of input shapes using the 

proposed pill decomposition algorithm as shown in section 3.4.  

Some particular points need to be kept in mind when designing such 

systems:- 

• Extent of Approximation. This depends on the particular 

geometric representation being chosen and the input shape 

under consideration.  

• Extension to 3D based data. This algorithm needs to 

significantly modified if it’s to be applied to 3D data such as 

consideration of ray projection directions and changes in the 

fundamental pill structure to include voluminous data as well. 

• Real time systems. Our codebase is already implemented in a 

multi-thread setting and can very easily be extended to a GPU 

setting as well – each of the individual KD-tree queries can be 

treated as parallel threads.  

 

The man challenge has always been to find an appropriate 

representation, which when coupled with an efficient algorithm can 

be used for other real-time applications. This trade-off between better 

representation vs more accuracy opens up a vast arena of research 

especially in classic computer graphics where this subject has seen 

significant interest. Also, learnable representations can also be 

another viable option: specific representation for each type of shape 

may be best suited for that purpose. 
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5    Furthur Applications 

 
 

 

 

 

 

 

 

 

 

Figure 5(a): Real time VR tracking 

Figure 5(b): 3D Reconstruction 
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Entire codebase is available at: https://github.com/sarosijbose/BodyTrack2D  

.exe files for generating MAT from shapes: 

https://github.com/jijup/Summer2022/tree/main/software  
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