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Abstract—Pose and motion estimation techniques required to 
drive robotic manipulators involved in quality control in the 
automotive industry often encounter important limitations when 
applied on weakly textured panels moving in complex 
environments. Difficulties originate from the reduced 
performance of classical feature extraction, tracking and 
matching algorithms that heavily depend on the presence of rich 
textures over the objects. While maintaining a simple hardware 
architecture relying on passive stereoscopy, this paper proposes a 
supervisory approach for machine vision systems that overcomes 
the sensitivity of feature-based tracking to occlusions, 
photometric variations and ubiquitous appearances of factory 
associates in the field of view of the vision system. Furthermore, 
the drift accumulating with the tracking module is also corrected. 
Experimentation demonstrates the suitability of the proposed 
supervised pose and motion estimator for automated robotic 
marking of surface deformations over moving panels. 

Keywords-visual servoing, pose and motion estimation, machine 
vision, sensor-based robotic navigation, industrial manufacturing. 

I.  INTRODUCTION  

Continuous research efforts are invested in the 
development of robust and fault-tolerant techniques for several 
challenging tasks including robotic interaction with moving 
industrial objects. The implementation of these approaches has 
initiated a new era for industrial processes automation, ranging 
from assembly operations to critical quality control 
procedures. However, the transition from existing approaches, 
developed for robots acting on moving bodies [1, 2], to 
commercial autonomous systems experiences a dual barrier. 
While the lack of robust and objective methods for the 
evaluation of empirical performance represents an important 
issue [3], the difficulty of tracking industrial panels, which 
often suffer from a lack of unique features over their surfaces 
is even more challenging [1]. 

In order for a robotic arm to perform tasks on a moving 
panel, vision and range sensors must provide accurate and real-
time data about the pose and motion of the object, whose 
surface appearance plays a central role. When considering 
quality control in the automotive industry, the target objects 
usually correspond to weakly textured automotive body panels, 
which are still unfinished at the stage of inspection. Therefore, 
the latter exhibit a very low number of sharp, distinctive 
features over their surfaces. The appearance of the panels, 

along with the necessity of operating in real-time and without 
the existence of dedicated 3D CAD models, impose severe 
limitations, even for the most established computer vision tools 
available for pose and motion estimation (PME) which 
extensively rely on  feature extraction [4, 5], tracking [6, 7], 
and matching [8]. For example, applying the SIFT scale-
invariant feature transform [4] on scenes containing such 
weakly textured surfaces demonstrated poor repeatability and 
variability [9], leading to a degradation of the lifespan of the 
few features extracted throughout a tracking sequence [10]. As 
an alternative, Torr’s structure and motion toolkit [8], whose 
central component is a Maximum A Posteriori Sampling 
Consensus (MAPSAC) for matching features in the presence of 
outliers, also encounters severe limitations over weakly 
textured panels [10]. Since the set of matches contains a large 
number of outliers, the unicity property [9] of the feature 
matching process is severely compromised. 

Weber and Malik [11] identified three classes of errors 
affecting the optical flow computation performed by the 
Lucas-Kanade (LK) feature tracker [6]. Systematic errors, 
related to cases where a large displacement is present in-
between the processed frames, can be resolved through the 
adoption of a multi-scale representation of the tracking 
algorithm, using image pyramids [7]. Also, the failure of the 
brightness constancy assumption, resulting from occlusions or 
photometric variations, causes severe tracking errors. The 
optimization criterion proposed by Jin et al. [12], which relies 
on a hybrid geometrical and photometry model for 
characterizing the inter-frame motion, achieves robustness to 
photometric variations. However, this approach remains 
sensitive to occlusions and to strong changes in the intensity of 
the feature patches, produced by the appearance of different 
entities in the inspected scene. Finally, the cumulative errors 
in the motion prediction process must also to be taken into 
consideration, as they produce a drift of the features 
throughout the tracking history. This last type of error is 
apparent when a set of features needs to be tracked over a long 
period.  

The objective of this research is to develop innovative 
hierarchical processing structures for the integration and 
adaptation of classical computer vision techniques within a 
real-time architecture to handle pose and motion estimation of 
automotive panels over long sequences. The solution 
described in the following sections builds upon previous 
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achievements for a PME that includes a coarse-level 
supervisory layer [10] to provide an integrated solution for 
automated detection and robotic marking of surface 
deformations. The coarse-level supervisory structure provides 
extra robustness to the LK tracker in cases where brightness 
variations and occlusions occur. The current effort aims at also 
correcting the drift that accumulates with the tracking over 
long sequences by the combination of the coarse-level 
supervision strategy with a fine-level supervisory gate.  

The proposed computational technique resolves the main 
limitations of state-of-the-art computer vision tools for cases 
where the objects of interest are weakly textured and exhibit 
free movements in complex industrial environments. Such 
operational conditions often lead to severe occlusions by a 
manipulator robot and to sporadic appearances of factory 
associates in the field of view of the vision sensors which must 
anyhow continue to track the object to ensure the integrity of 
the task.  

The proposed supervised PME architecture differs from 
existing solutions that rely on multiple vision sensors, 
controlled backgrounds and 3D models of the industrial parts 
[1, 2] to provide timely-mannered, accurate and fault-tolerant 
visual servoing data to a robotic station. It rather addresses 
these constraints entirely from a software perspective while 
relying only on passive stereoscopy, which increases the 
flexibility of the strategy to operate under various conditions.  

In the following sections, the experimental platform is 
described and the framework for the original dual supervisory 
architecture of the PME is introduced. The fine supervisory 
module, which addresses the limitations of the coarse 
supervisory level, is extensively described and experimentally 
validated under realistic industrial operation conditions for a 
robotic quality control application. 

II. APPLICATION AND EXPERIMENTAL PLATEFORM 
The proposed quality control application combines an 

automated defects detection system with a robotic station that 
handles the marking of deformations over automotive panels 
moving on an assembly line, with no human supervision 
beyond system configuration. A view of the experimental 
platform is shown in Fig. 1. The detection of surface 
deformations, which relies on the analysis of a 3D model of 
the panel acquired with a structured light sensor [13], is 
beyond the scope of this paper. Specific attention is provided 
to the dually supervised PME, which is the central component 
of the automated robotic system action on moving panels for 
marking the surface defects. 

Different automotive panels, including car doors and 
fenders are tested, as they replicate the appearance of 
unfinished automotive panels at the stage of early 
manufacturing. The assembly line functions are provided by a 
54cm sled system, driven by a separate motor at variable 
speeds.  

The supervised PME relies on a calibrated stereoscopic 
sensor (SS), composed of two Point Grey Flea2 640x480 CCD 
cameras with 8.5mm lenses. A 44.5cm baseline is set between 
the cameras, as it offers adequate precision in reconstructing 
the sparse structure of the inspected parts. The panels are 
located at approximately 310cm from the acquisition system 
when traversing the inspection station. 

 
Figure 1: Experimental platform for pose and motion evaluation. 

III. SUPERVISED POSE AND MOTION ESTIMATOR 
The dual supervisory PME architecture, illustrated in Fig. 

2, relies on a minimum set (typically 6 to 10) of macro-
features (MFs), which are manually pre-selected over the 
structure of a given type of panels. The selection of the MFs is 
performed only once when configuring the visual servoing 
robotic station. Under mass production conditions, where a 
large number of the same panel must be inspected, the 
configuration represents a minor procedure and is easily 
performed with minimal training and knowledge about the 
operation of the inspection system. Such selected MFs are 
shown in Fig. 3a and 3b for two types of panels used in the 
experimentation. The dually supervised PME embeds 
automatic re-initialization of MFs each time a new automotive 
panel of the same type enters the inspection station [10]. As 
shown in Fig. 2, re-initialization of the MFs is triggered by a 
rigid body detection module, which informs the PME when 
the automotive part fully appears in both views of the SS. 

 
Figure 2: Dual supervisory pose and motion estimation architecture. 

After re-initialization, the MFs position information is 
stored in two topological structure buffers (TSBs) that are 
used by the supervisory system. The first buffer is populated 
with the Euclidean distances between each 2D MF and all the 
other MFs in the extracted set. The second buffer stores the 
relative X and Y displacements, expressed with respect to the 
image plane, between each MF and all the other MFs.  

  
                       (a)                                                 (b) 

Figure 3: Pre-selected MFs over the surface of: (a) a car door, (b) a fender. 

After the re-initialization procedure, the MFs are tracked 
frame-by-frame, with a pyramidal LK tracker [6, 7], which is 
applied separately on both views of the SS. Given that the 



MFs are stored in an indexed structure, the feature tracking 
process also provides the solution to the stereo matching. The 
data provided by the feature tracker, coupled with the 
calibration information of the SS, constitute the input to the 
motion estimation module, which computes the rigid 
transformation exhibited by the automotive part between 
successive pairs of frames.  

The known limitations of the pyramidal LK tracker when 
applied on weakly textured panels that move in complex 
environments are addressed by the supervisory architecture. 
The latter is responsible for continuously monitoring and 
validating all MFs, along with their associated motion vectors 
and disparities. The objective of the coarse-level supervisory 
system is to correct the severe tracking errors generated by the 
LK tracker in case of occlusions, illumination changes and 
variations in the reflectance property of the automotive panels 
throughout the motion sequence. The coarse-level supervision 
builds upon the two TSBs described above, which offer a 2D 
signature of the tracked region. Apart from reliably correcting 
erroneous motion vectors, the coarse-level supervisory layer is 
also able to recover the MFs lost during the tracking. The only 
constraint of the coarse-level supervisory layer is related to the 
scaling effects exhibited by the moving panel. Changes in 
scaling of the panel as imaged by the SS need to be minimal 
over the entire tracking sequence, given that the two buffers 
are populated only once at the beginning of the tracking 
process. However, the limited field of view of the SS, which 
represents the width of the inspection station, imposes a 
relatively uniform distance between the vision sensor and the 
assembly line. The requirement is therefore easily satisfied 
under most configurations. An elaborate investigation of the 
LK tracker and improvements achieved with the coarse-level 
supervisory layer are presented in [10].  

In addition, the drift accumulated with the pyramidal LK 
tracker must also be taken into consideration, in order to 
provide stable visual servoing data to the robotic marking 
process. For that matter, a supplementary fine-level 
supervisory layer is introduced in this paper. This new layer, 
shown in Fig. 2, further refines the precision of the feature 
tracking and matching processes, by correcting the drift 
accumulating during tracking. It also provides the dually 
supervised PME with the robustness required for cases where 
an assembly line contains curved sections that influence the 
motion of the automotive panel being inspected. The 
following section elaborates on the design of the fine-level 
supervisory layer. 

IV. FINE-LEVEL SUPERVISORY LAYER 
The objective of this hierarchical structure is to monitor 

and validate the feature tracking and matching processes of the 
PME at every iteration, imposing time-efficiency and 
precision to the visual servoing data provided to the robotic 
marking station. A comparative basis is initially established 
with Sampson’s first-order correction which aims at 
improving the validation of the epipolar geometry. 

A. Sampson’s first-order correction 
Hartley and Zisserman [14] have studied in detail 

Sampson’s first-order approximation, which has beneficial 
effects in correcting feature matches, such that the epipolar 
constraint is more precisely validated, assuming that the 

fundamental matrix of the SS is accurately known or 
estimated. However, if at a given point over the motion 
sequence, the MFs are already displaced, due to drifting, the 
corrections provided by Sampson’s approximation are not able 
to eliminate the drift accumulation. These corrections will 
only enforce the validation of the epipolar geometry with no 
constraint related to the ground-truth position of the MFs over 
the inspected panels, which needs to be consistent with the 
locations shown in Fig. 3. Although Sampson’s correction has 
beneficial effects from a pair-wise perspective over the pose 
estimation problem, the cumulative tracking errors recursively 
affect the motion estimations, which cause inaccuracies in the 
robotic guidance. For these reasons, a more robust monitoring 
procedure must be embedded in the fine-level supervisory 
layer in order to successfully account for the small, but 
significant errors which appear during the tracking of the MFs 
set over a significant number of frames [11, 12]. 

B. Fine-level supervisory design 
The immediate consequence of the drift associated with the 

use of the pyramidal LK tracker is on the lifetime of the MFs. 
As a result, some MFs experience a re-initialization of their 
tracking process, leading to the inter-frame feature 
correspondence operation being applied over a shorter time 
span. The integration time of the computed trajectory is 
therefore decreased, which results in apparently good tracking 
performance for that particular feature, although it might no 
longer belong to the physical structure of the inspected object. 
Given that the pose and motion estimation constitutes the basis 
of the robotic interaction with the moving panel, the erroneous 
information that is transferred to the robotic marking station 
corrupts the attitude of the robot end-effector with respect to 
the deformations that need to be marked. The significant 
amount of drift that can accumulate from the tracking process, 
even after the addition of the coarse-level supervisory layer, is 
illustrated in Fig. 4. The locations of the MFs are shown in the 
1st (considered as ground-truth, GT) and the last (20th) frame 
grabbed by the left stereo-camera (CamL), which are 
separated by only 40 seconds. Almost all MFs suffer from 
considerable drift throughout the motion period, especially 
those highlighted in zoomed areas. 

 
Figure 4: 1st and 20th processed frames, showing the effect of drift 

accumulating with the pyramidal LK tracker. 

To alleviate these problems, the fine-level supervisory 
layer consists of an original validation method that assigns a 
signature to the limited set of 3D MFs, to aid in the final 
refinement of the feature tracking process. When compared to 
the coarse-level supervisory gate [10], the fine-level validation 



technique privileges the testing performed in 3D, due to the 
scaling effects which affect the MFs topological structure in 
the image plane. For that reason and in order to validate the 
generality of the proposed supervision technique, the sled 
motion is no longer constrained to a plane that is almost 
perpendicular to the principal axis of the SS. This movement 
introduces a scaling effect in the image planes, as the car door 
gets closer to the acquisition system during its motion cycle. 

The proposed procedure for assigning a signature to the 
MFs is inspired by an overlapping error methodology. Starting 
from the initial 3D structure of the MFs, corresponding to the 
GT frame, the primary goal is to verify how the subsequent 3D 
structures of the MFs, recovered over the tracking process, 
differ from their GT distribution. However, the metrics by 
which the GT and the current 3D MFs structures can be 
reliably compared are critical. Identifying the amount of 
displacement that needs to be applied to the GT rigid structure, 
in order to compare it to the current 3D MFs, involves relying 
on the motion estimation data, which builds upon a least-
squares technique, proposed by Arun et al. [15]. The latter is 
strongly influenced by the precision of the feature tracking and 
matching results. 

The proposed solution for identifying the MFs affected by 
drift relies on a normalization procedure [14], known as “pre-
conditioning”. It consists in transforming the 3D coordinates 
of the MFs, defined with respect to the world reference frame, 
here CamR, to a normalized space, NS . This normalization 
involves two steps. First, the 3D MFs are centered about their 
centroid: 

           
~

i i MFMF MF MF, i 0, , N 1= − = −             (1)                   
where NMF is the number of MFs and the centroid is 

MFN 1

i
MF i 0

1MF MFN
−

=
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⎝ ⎠ ∑

. Then, the mean 3D Euclidean distance 

from the origin to the centered macro-features MFs, 
~

iMF , d  

is computed, and the normalized macro-features, iMF , are 
obtained: 

                        
~

i i2MF MFd
⎛ ⎞= ⎜ ⎟
⎝ ⎠

                              (2) 

in a manner in which the average Euclidean distance from the 
origin is equal to 2 . 

By transferring the 3D topological structure of the MFs, 
recovered throughout the tracking, to the normalized space, 
the identification of the drifted MFs can be achieved, with no 
need to predict the location of the 3D GT structure at 
subsequent frame extraction times. While the first step of the 
normalization procedure removes the translation component, 
which affects the 3D MFs throughout the motion cycle, the 
rotation component is still present in the set of normalized 
MFs. It needs to be taken into account in order to result in a 
consistent validation technique. By introducing a pre-
processing step, to remove the rotation component between 
the two data sets, the proposed solution acquires robustness for 
cases where the assembly line is curved, causing the panel to 
get closer to the SS, and to exhibit rotations around its Yo axis, 
as represented in Fig. 1. The inverse of the rotation matrix, 
extracted from the estimated rigid transformation relating the 
GT 3D structure with the current 3D structure, is applied to the 

normalized 3D MFs belonging to the current frame. The 
normalized 3D structures for the GT and the 20th frame (after 
removal of the rotation component) are illustrated in Fig. 5.  

 
Figure 5: 3D structures of the door MFs in NS (1st, 20th frame). 

The flowchart of the proposed fine-level supervisory layer 
is detailed in Fig. 6. After removing the rotation component 
affecting the normalized 3D MFs of the current frame, the 
displacement between the two 3D normalized structures is 
evaluated. A measure called “displacement residual”, rδ, is 
computed for each MF, i i i iMF (X ,Y , Z ),  i=0,···, NMF-1, in NS , 
as follows: 

           GT GT GT
i i i i i ir (i) X X Y Y Z Zδ = − + − + −           (3) 

where the MFs belonging to the GT frame have the 
coordinates GT GT GT GT

i i i iMF (X ,Y , Z ) . Then, from the total set of 
MFs, the ones exhibiting a displacement residual greater than 
a threshold, experimentally set to Tδ=0.02, are classified as 
drifted. In the case represented in Fig. 5, all MFs are 
categorized as drifted. 

 
Figure 6: Proposed fine-level supervisory layer. 

However, the correction of the drifted MFs cannot be 
performed by a simple substitution with the corresponding MF 
belonging to the GT structure in the normalized space. This is 
due to the fact that the inverse transformation to the original 
reference frame (CamR) relies on the initial 3D positions of 
the MFs in the 20th frame, which affected the calculation of 
both the centroid value and the scaling factor. For that reason, 
the proposed thresholding technique is only used to identify 
the MFs that need to be corrected. Also, the method relies on 
the constancy of the number of detected MFs throughout the 
entire motion range. A variable number of detected MFs 



would result in different values for the centroid and the scaling 
factor, preempting a consistent comparison. However, 
experimentation with the coarse-level supervisory layer 
demonstrated that lost MFs can reliably be recovered under 
most industrial manufacturing conditions regardless of the 
occlusions caused by the robot arm or the workers moving in 
the inspected scene [10]. 

 When the number of MFs with a displacement residual 
smaller than the threshold, Tδ, is greater or equal to three (the 
cardinality test), their associated 3D coordinates (defined in 

NS  and forming the Spass set of size Npass) in the current frame 
need also to be tested for non-colinearity. This validation test 
is performed in NS  and evaluates: 

( ) ( ) ( )2 2 2

ij i j i j i j

ijk ijk ijk ij ijk ik ijk jk

d X X Y Y Z Z ,i j

p (p d )(p d )(p d ), i j k

⎧ = − + − + − ≠⎪
⎨
⎪Α = − − − ≠ ≠⎩

 (4) 

where ijd is the Euclidean 3D distance between any two MFs 

belonging to Spass, ijkΑ is the area subtended by any three MFs 

of Spass, while ( )ij ik jk
ijk

d d d
p 2

+ +
= is the semi-perimeter 

formed by the three MFs, according to Heron’s formula. In 
order for the extracted MFs to form a non-degenerated 
configuration, the maximum distance between any two MFs, 
as well as the maximum area between any three selected MFs 
have to verify the conditions: 

                  
max MFs
ij min_ Dist min

max MFs
ijk min_ Area min

d T 1.5 D

T 1.5 A

⎧ ≥ = ⋅⎪
⎨

Α ≥ = ⋅⎪⎩
                  (5) 

where MFs
minD  is the minimum distance between any two GT 

MFs in NS , and MFs
minA  is the minimum area subtended by any 

three MFs in the GT structure defined in NS . The coefficient 
appearing in eq. (5) was selected experimentally.  

 Once the extracted set of non-drifted normalized MFs, 
Spass, has passed the cardinality and non-colinearity tests, as 
depicted in Fig. 6, these MFs, as defined with respect to CamR, 
along with their corresponding GT MFs, are used for 
estimating the rigid transformation exhibited by the panel 
between the GT and the current view. Upon the calculation of 
the (R, T) pair [10], the MFs classified as drifted are corrected 
based on their 3D location in the GT frame and the newly 
estimated rigid transformation, as follows: 

                  GT
CorrectedMF R MF T.= ⋅ +                      (6) 

The full calibration of the SS makes possible the back-
projection of the corrected MFs on the image plane, and thus, 
the refinement of the 2D topological structure of the MFs. The 
proposed refinement can be categorized as an a posteriori 
correction, as it relies on consistent 3D data in order to adapt 
the MFs 2D topological structure to the scaling effects or the 
changes in orientation exhibited by the panel throughout a 
general motion period. Once the topological structure of the 
MFs has been refined in the image plane, the TSBs, introduced 
in Section III, are re-populated. This update procedure also has 
beneficial effects in the correction phase of the coarse-level 
supervisory system. By implementing the fine-level 
supervision, the drift accumulating with the pyramidal LK 

tracker is bounded, preempting the propagation of erroneous 
pose and motion estimations to the robotic marking station. 

A special case that must be analyzed corresponds to 
situations where the extracted set of MFs with a displacement 
residual smaller than Tδ has either a cardinal inferior to three, 
or the extracted MFs form a degenerate configuration. In these 
circumstances, as illustrated in Fig. 6, the MF with the smallest 
displacement residual is automatically extracted. Based on the 
data stored in the buffer of relative displacements, the rest of 
the MFs are recovered in both views. Subsequently, with the 
purpose of further refining these recovered MFs, Sampson’s 
first-order correction is applied. The refined feature matches, 
which validate the epipolar geometry, after the Sampson’s first-
order correction, are then used to update the TSBs. 

V. EXPERIMENTAL VALIDATION   
Figure 7a shows the MFs belonging to the 20th frame, 

when the fine-level supervision gate is added to the PME, 
under the same experimental settings that generated the results 
shown in Fig. 4. Due to the integration of the fine-level 
supervision, which also updates the TSBs used by the coarse-
level supervisory gate, only MF9, as indexed in Fig. 3a, and 
marked with black in Fig. 7a, is detected as drifted from the 
GT structure, as opposed to the initial results in Fig. 4. The 
large number of drifted MFs shown in Fig. 4 is definitely an 
effect of the lack of correction to the drifted MFs, as well as 
the single update of the TSBs throughout the motion cycle. 
Figure 7b shows the substantial reduction achieved on the 
displacement residuals, rδ, associated to the MFs structure in 
the 20th frame after the integration of the fine-level 
supervisory system and the correction of MF9. Moreover, the 
displacement residuals associated to the MFs in the 20th frame 
after the correction performed by the fine-level supervisory 
system are all below the imposed displacement threshold Tδ. 
Figure 7c shows the MFs structure in NS , before and after the 
incorporation of the fine-level supervisory layer. Similar to the 
reduced displacement residuals, the new normalized structure, 
in green, resembles more the GT distribution of the MFs, in 
black, which maintain their positions over the surface of the 
car door panel. 

The complete supervisory system, embedding the coarse-
level and the proposed fine-level validation and correction 
layer was tested on 80 running scenarios involving various 
movements of the robot and people entering the field of view 
of the SS, as well as different positions and orientations of the 
sled system with respect to SS, characterized by θYo∈[-30o, 
30o], and ΔZo∈[-45cm, 45cm]. The correction and recovery of 
the motion vectors was successful in all tested scenarios and 
the data transferred to the robotic marking operation accurate 
enough to reliably mark all deformations. Figure 8 illustrates 
the corrected/recovered motion vectors from four processed 
frames acquired by CamL over the tracking sequence, during 
which the manipulator robot (Fig. 8a) or people (Fig. 8b and 
8c), or both the robot and people (Fig. 8d) are present in the 
view of the SS.  

In Fig. 8 the motion vectors provided by the pyramidal LK 
tracker are represented in red and are affected by severe errors 
due to the occlusions caused by the manipulator robot or the 
people. The motion vectors corrected or recovered by the 
coarse-level supervisory system are drawn in black, and white, 



respectively. Furthermore, the motion vectors refined via the 
fine-level supervisory layer are represented in green and are 
tagged with a white rectangle and zoomed. By inspecting Fig. 
8 it can be noticed that all the refined MFs accurately point to 
the regions highlighted in Fig. 3, independently of the 
increased complexity of the monitored scene, or the selected 
type of automotive panel. 

 
(a)                                                 (b) 

 
(c) 

Figure 7: (a) 20th frame with fine-level supervision, (b) displacement residuals 
in the 20th frame and, (c) 3D structures in NS , with and without fine-level 

supervision. 

  
                               (a)                                           (b) 

  
                               (c)                                                 (d) 
Figure 8: Processed frames in cases where: (a) the manipulator robot, or (b-c) 

people, or (d) the robot and people are present in the scene. 

VI. CONCLUSION 
The problem of pose and motion estimation over weakly 

textured industrial panels, moving in complex environments, 
was addressed in this paper. With the objective of making a 
high-level supervised pose and motion estimation framework 
more accurate and robust to complex industrial environments, 
an innovative fine-level supervisory layer was introduced. The 
proposed approach exploits the topological structure of a 
limited number of MFs in 2D and 3D and is readily integrated 
in the validation and monitoring processes of feature tracking 
to compensate for significant drifting effects when employed 
over long tracking sequences.  

Beyond an efficient correction of the drift accumulating 
over the tracking period, the experimental evaluation 
demonstrated the suitability of the dual supervised pose and 
motion estimator to realistic situations in which an object’s 
motion exhibits curved displacements or the field of view of 
the vision sensor is sporadically occluded by the manipulator 
robot or perturbed by factory associates. The performance 
demonstrated by the supervisory layer supported its successful 
integration into an automated robotic system for performing 
surface deformations marking on moving panels, while relying 
only on passive stereoscopic vision. 

REFERENCES 
[1] G.N. DeSouza and A.C. Kak. “A subsumptive, hierarchical and 

distributed vision-based architecture for smart robotics”, IEEE Trans.  
on Systems, Man and Cybernetics- B, vol. 34(5), pp. 1988-2002, 2004. 

[2] L. Davis, D. DeMenthon, T. Bestul, S. Ziavras, H.V. Srinivasan, M. 
Siddalingaiah, and D. Harwood, “Robot acting on moving bodies 
(RAMBO): Interaction with tumbling objects”, Technical Report – 
Center for Automation Research, University of Maryland, 1989. 

[3] T. Chang, T. Hong, M. Shneier, G. Holguin, J. Park, and R.D. Eastman, 
“Dynamic 6DOF metrology for evaluating a visual servoing system”, 
Performance Metrics for Intelligent Systems Workshop, Gaithersburg, 
MD, pp. 173-180, 2008.  

[4] D. Lowe, “Distinctive image features from scale-invariant keypoints”, 
Intl. Journal of Computer Vision, vol. 60(2), pp. 91-110, 2004. 

[5] J. Shi and C. Tomasi, “Good features to track”, IEEE Conf. on Computer 
Vision and Pattern Recognition, Seattle, WA, pp. 593-600, 1994. 

[6] B.D. Lucas and T. Kanade, “An iterative image registration technique 
with an application to stereo vision”, DARPA Image Understanding 
Workshop, pp. 121-130, 1981. 

[7] J.–Y. Bouguet, “Pyramidal implementation of the Lucas Kanade feature 
tracker – description of the algorithm”, [on-line], 
http://robots.stanford.edu/cs223b04/algo_tracking.pdf 

[8] P.H.S. Torr, “A structure and motion toolkit in Matlab”, Microsoft 
Research Technical Report MSR-TR-2002-56. 

[9] É. Vincent and R. Laganière, “An empirical study of some feature 
matching strategies”, Intl. Conf. on Vision Interface, Calgary, AB, pp. 
139-145, 2002. 

[10] V. Borsu and P. Payeur, “Supervised pose and motion estimation over 
weakly textured industrial objects”, IEEE Intl Symposium on Robotic 
and Sensors Environments, pp. 202-207, Montréal, QC, Sep. 2011. 

[11] J. Weber and J. Malik, “Robust computation of optical flow in a multi-
scale differential framework”, Intl. Journal of Computer Vision, vol. 
14:67-81, 1995. 

[12] H. Jin, P. Favaro, and S. Soatto, “Real-time feature tracking and outlier 
rejection with changes in illumination”, IEEE Intl Conf. on Computer 
Vision, Canada, pp. 684-689, 2001. 

[13] A. Yogeswaran and P. Payeur, “Features Extraction from Point Clouds 
for Automated Detection of Deformations on Automotive Body Parts”, 
IEEE Intl Workshop on Robotic and Sensors Environments, pp. 122-127, 
Lecco, Italy, 2009. 

[14] R. Hartley and A. Zisserman, Multiple view geometry in computer 
vision, Cambridge University Press, UK, 2000. 

[15] K.S. Arun, T.S. Huang, and S.D. Blostein, “Least-squares fitting of two 
3-D point sets”, IEEE Trans. on Pattern Analysis and Machine 
Intelligence, vol. 9(5), pp. 698-700, 1987. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /Cmb10
    /CMBSY10
    /Cmbsy10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /Cmbx10
    /CMBX12
    /Cmbx12
    /CMBX5
    /Cmbx5
    /CMBX6
    /Cmbx6
    /CMBX7
    /Cmbx7
    /CMBX8
    /Cmbx8
    /CMBX9
    /Cmbx9
    /CMBXSL10
    /Cmbxsl10
    /CMBXTI10
    /Cmbxti10
    /CMCSC10
    /Cmcsc10
    /CMCSC8
    /Cmcsc8
    /CMCSC9
    /Cmcsc9
    /CMDUNH10
    /Cmdunh10
    /CMEX10
    /Cmex10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /Cmff10
    /CMFI10
    /Cmfi10
    /CMFIB8
    /Cmfib8
    /CMINCH
    /Cminch
    /CMITT10
    /Cmitt10
    /CMMI10
    /Cmmi10
    /CMMI12
    /Cmmi12
    /CMMI5
    /Cmmi5
    /CMMI6
    /Cmmi6
    /CMMI7
    /Cmmi7
    /CMMI8
    /Cmmi8
    /CMMI9
    /Cmmi9
    /CMMIB10
    /Cmmib10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /Cmr10
    /CMR12
    /Cmr12
    /CMR17
    /Cmr17
    /CMR5
    /Cmr5
    /CMR6
    /Cmr6
    /CMR7
    /Cmr7
    /CMR8
    /Cmr8
    /CMR9
    /Cmr9
    /CMSL10
    /Cmsl10
    /CMSL12
    /Cmsl12
    /CMSL8
    /Cmsl8
    /CMSL9
    /Cmsl9
    /CMSLTT10
    /Cmsltt10
    /CMSS10
    /Cmss10
    /CMSS12
    /Cmss12
    /CMSS17
    /Cmss17
    /CMSS8
    /Cmss8
    /CMSS9
    /Cmss9
    /CMSSBX10
    /Cmssbx10
    /CMSSDC10
    /Cmssdc10
    /CMSSI10
    /Cmssi10
    /CMSSI12
    /Cmssi12
    /CMSSI17
    /Cmssi17
    /CMSSI8
    /Cmssi8
    /CMSSI9
    /Cmssi9
    /CMSSQ8
    /Cmssq8
    /CMSSQI8
    /Cmssqi8
    /CMSY10
    /Cmsy10
    /CMSY5
    /Cmsy5
    /CMSY6
    /Cmsy6
    /CMSY7
    /Cmsy7
    /CMSY8
    /Cmsy8
    /CMSY9
    /Cmsy9
    /CMTCSC10
    /Cmtcsc10
    /CMTEX10
    /Cmtex10
    /CMTEX8
    /Cmtex8
    /CMTEX9
    /Cmtex9
    /CMTI10
    /Cmti10
    /CMTI12
    /Cmti12
    /CMTI7
    /Cmti7
    /CMTI8
    /Cmti8
    /CMTI9
    /Cmti9
    /CMTT10
    /Cmtt10
    /CMTT12
    /Cmtt12
    /CMTT8
    /Cmtt8
    /CMTT9
    /Cmtt9
    /CMU10
    /Cmu10
    /CMVTT10
    /Cmvtt10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


