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ABSTRACT

In this paper we describe a methodology developed for quantita-
tive evaluation of a model-based tracking framework targeting 3D
rigid curved objects. In particular, this framework considers the use
of sparse polygonal meshes for tracking curved objects in order to
solve the trade-off between the computational time and tracking ac-
curacy. A simulator was designed considering how to compare ob-
jective results from the standard edge based tracking with the new
proposed framework. Experimental results using synthetic data are
showed.

Keywords: model-based tracking, rigid curved objects, quantita-
tive evaluation

Index Terms: G.1.2 [Numerical Analysis]: Approximation—
Approximation of surfaces and contours; I.4.8 [Image Processing
and Computer Vision]: Scene Analysis—Tracking.

1 INTRODUCTION

In computer vision, tracking the 3D pose of a known object is a
common task, being important in applications such as augmented
reality, robotic manipulation, gesture recognition, among others.
For rigid objects, this means to continuously recover 6 DOF pa-
rameters representing the object position and orientation relative to
the camera while it moves around the scene [4].

For model-based tracking, a common approach represents the
target object using a polygonal mesh, whose outlines are matched
with detected edges in the video image. This matching is achieved
by looking for strong gradients in the video image using an initial
estimation of the pose and performing edge normal search of pro-
jected edges. The final pose is then obtained after an optimization
process [1], [2]. However, the approaches mentioned above are ap-
plied mainly to polyhedral objects with flat faces.

When dealing with smooth objects, dense meshes are required
to accurately recover the object shape, creating a trade-off between
the computational time and the tracking accuracy as exemplified in
Fig.1.a: a sparse mesh (light green lines) is overlaid on the target
object and the red lines represent the edges from the patches on the
contour from where normal search will be performed to find nearby
edges. If the edges from the mesh are used directly, it is possible
to notice a large distance d between the sample points on the model
and the detected edge points.
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Figure 1: A sparse polygonal mesh is overlaid on the target object
and a comparison between the distance evaluation of (a) the stan-
dard tracking and (b) the tracking framework to be evaluated using
conics is showed.

The tracking framework evaluated in this paper tries to solve this
problem by using quadric equations, calculated for each patch in
the mesh, to give local approximations of the object shape. Hence,
instead of using the original edges from the mesh for matching with
detected edges in the video image, curves representing the quadrics
projection in the current viewpoint are used for distance evaluation
as can be seen in Fig.1.b. This will be referenced in the remaining
parts of this paper as Conics Tracking (CT).

For quantitative evaluation of tracking algorithms, numerical re-
sults that measure and quantify them are necessary. Usually three
main conditions are evaluated: robustness, computational time and
accuracy. In this paper we present the simulator we designed to
allow a fair comparison of these conditions, considering a model-
based tracking scenario having polygonal meshes with different
levels of quality. The main goal is to obtain an objective compa-
rison between the CT approach and a standard edge based tracking
using both sparse and dense meshes.

Different parameters can be controlled by the user in this simu-
lator, such as its initial pose, number of attempts, the object move-
ment and also the noise to be added in order to disturb the system
and create a more realistic scenario. The next section describes in
more details the simulator and experimental results using two ob-
jects in four different poses are given in section 3 followed by the
conclusions in section 4.



2 SIMULATOR

2.1 Overview

This simulator takes as input three models of the target object in
different levels of quality: a very dense mesh, a dense mesh and
a sparse mesh. While the actual evaluation is done between the
tracking using sparse mesh and the tracking using dense mesh, the
very dense mesh is used only to create a synthetic representation of
the real object.

Figure 2.a shows the very dense mesh being used to create a
realistic outline of the target object and in Figure 2.b and Figure 2.c,
the dense mesh and the sparse mesh, respectively, are represented
by the white lines and overlaid on the target object area.

The simulation consists of a series of different trials, each one
representing the object in a different initial position, manually ini-
tialized. Each trial has a number n of runs specified by the user and
in the beginning of each run, the test model moves back to its ini-
tial position. Then, a new pose is produced by the simulator using
Gaussian noise, whose values are the same for all approaches being
compared.

Considering the pose parameters vector is represented using the
notation s = (rx,ry,rz, tx, ty, tz)T , the noise values are calculated for
each of the rotation (rx,ry,rz) and translation (tx, ty, tz) components,
according to a standard deviation value also specified by the user.
The bigger these values are, the further the test model moves. In
Figure 2, this new pose is represented by the blue lines and the
camera displacement between the initial pose and this new pose will
give the values for quantitative comparison between the approaches.

Another parameter that can be also controlled by the user is the
presence of noise in the edge detection process. This noise aims to
create a simulation closer to a real scenario, which can be disturbed
by edge points which does not necessarily belongs to the object
being tracked.

Figure 2: The (a) very dense mesh creates a synthetic representation
of the target object and its outline. Then, (b) dense mesh and (c)
sparse mesh can be evaluated and their values can be compared.

2.2 Evaluation
As mentioned earlier, three conditions are evaluated in this simula-
tion: robustness, computational time and accuracy.

Robustness is defined as the success rate of the tracking within
the n runs. Considering the error values are stored in a vector de,
during the optimization step, the following cost equation is mini-
mized:

ec(s) =
n

∑
i=1

de(Xi,φ(cc(cw(s)))) (1)

The terms in the equation above represent:

• cw: contour parameters in world coordinates.

• (cc(cw(s))): contour parameters in camera coordinates pa-
rameterized by the pose parameter vector s.

• φ(cc(cw(s))): projection of the contour in camera coordinates
to the 2D image plane.

• Xi: detected points in image coordinates.

• de: vector containing the distance between the contour edges
and the detected points in image coordinates.

An error threshold is set in order to define the success rate: if the
error at the end of the optimization step is smaller than this thresh-
old, the tracking succeeds; otherwise, the pose is computed again
until the error falls below this threshold or a maximum number of
iterations is reached. If the error value is still above an acceptable
value, it is considered a failure.

Computational time represents the average processing time and
accuracy is evaluated by analyzing the mean squared error (MSE)
and the standard deviation of the estimated error values for the angle
and the distance components of the pose parameter vector.

3 EXPERIMENT RESULTS

The experiments considered two different objects with no texture
information available in four different poses, showed in Figure 3.
Each pose was evaluated in n=1000 trials and the approximate num-
ber of patches used for each of the objects can be seen in Table 1.

Figure 3: Object poses

Table 1: Approximate number of patches used in the experiments
Object 1 Object 2

Very dense mesh 10000 patches 5000 patches
Dense mesh 5000 patches 1000 patches
Sparse mesh 500 patches 100 patches



Figure 4: Robustness and computational time results

Figure 5: Accuracy results

Remeshing of the models was obtained by the software QSlim
provided in [3] and the sparse mesh was created such that it has ap-
proximately 10% of the total number of patches of the dense mesh.

The standard deviation for the noise in the rotation component
was set to 5.0 degrees and in the translation component was set to
3.0 cm per frame, considering a frame rate of 30fps and the hypo-
thetical situation of the user holding the object and moving it in a
distance of 90.0 cm.

Results are showed comparing CT, Sparse Mesh Tracking (SMT)
and Dense Mesh Tracking (DMT). The main hypothesis while eval-
uating these algorithms is that CT should perform better than SMT
and present accuracy closer to results given by DMT, but with better
performance.

Figure 4 shows the success rate and the computational time for
each of the objects and the respective poses. It is possible to see
the success rate was high for all methods tried, with small varia-
tions among them. On the other hand, CT showed better results for
the computational time in most of the cases (which can be also vi-
sualized in the graph of Figure 6). Furthermore, in Figure 5, CT

also presented better results than SMT and results very close to
DMT, validating the hypothesis of the tracking framework being
evaluated. A better comparison of these numerical results can be
visualized in the graphs of Figure 7.

4 CONCLUSION

This paper has presented a methodology for quantitative evaluation
of model-based tracking of 3D rigid curved objects, when compa-
rison between the use of sparse and dense polygonal meshes are
necessary. The evaluation considered poses of the object in distinc-
tive views and with parameters which tried to approximate possible
movements in the real world.

One improvement to be done on the proposed simulator includes
improvement on the algorithm that generates the noise used in the
simulated environment. Furthermore, if the tracking framework in-
cludes some prediction model, a method to compare results using
and not using this prediction model can be necessary, which is yet
to be implemented.



Figure 6: Graphs showing computational time results for object 1 and object 2

Figure 7: Graphs showing accuracy results for object 1 and object 2
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