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Abstract: Nowadays, the automation of factory floors is necessary for extensive manufacturing
processes to meet the ever-increasing competitiveness of current markets. The technological advances
applied to the digital platforms have led many businesses to automate their manufacturing processes,
introducing robotic manipulators collaborating with human operators to achieve new productiv-
ity, manufacturing quality, and safety levels. However, regardless of the amount of optimization
implemented, some quality problems may be introduced in production lines with many products
being designed and produced. This project proposes a solution for feature extraction that can be
applied to automatic shape- and position-detection using a 2-dimension (2D) industrial laser to
extract 3-dimension (3D) data where the movement of the item adds the third dimension through
the laser’s beam. The main goal is data acquisition and analysis. This analysis will later lead to the
generation of trajectories for a robotic manipulator. The results of this application proved reliable
given their small measurement error values of a maximum of 2 mm.

Keywords: robot trajectory generation; 2D laser scanning; point cloud; data acquisition

1. Introduction

In modern industry, feature extraction and data processing are major issues since
these highly influencial product prices, their detection, and their correction have become a
necessary subject to consider when providing a service or designing and creating a product
. However, these tasks usually require very specialized and skilled operators, thus making
it difficult to automate processes.

In the ceramic industry, after production, the products have small amounts of excess
material on the edges due to molding and casting, which require polishing. This operation
is performed using a cleaning system consisting of a rotating sponge, and the process is
done automatically in a machine if the plates are circular but must be done manually if the
shape is not circular. This happens because the sponge is static, and the dishes are rotated
and moved towards it. For non-circular parts, this process cannot be used. The circular
products are processed due to their shape, and the distance to the sponge is always known
due to its constant radius. However, to improve and grow as a business and introduce
a variety of new Stoneware Tableware, it is necessary to implement an automatic robotic
solution to account for more possible product shapes.

The main novelty presented in this document is object data acquisition for the genera-
tions of a robot trajectory. This trajectory differs from other approaches due to the dynamic
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positioning of the manipulator’s end tool. The polishing tool is also dynamically placed to
allow the piece to finish correctly.

Nowadays, 2D or 3D datasets can be analyzed through prevalent technology such
as a point cloud, a data set representing objects, shapes, or spaces. Each point represents
the sampled surface’s X, Y, and Z geometric coordinates. Point clouds are collections of
individual points plotted in 3D space. These points allow for the reconstruction of the
sampled surface in a digital environment .

According to the information in [1], this approach is used in several different ap-
plications and categories, for example, in the construction industry, such as 3D model
reconstruction and geometry quality inspection.

Point clouds are present in several industrial applications with different goals, but one
of the biggest is focused on increased accuracy and is obtained using several other methods.
The study presented by the authors of [2] provides a set of possibilities for point-cloud data
acquisition, which includes:

• 3D Laser Scanning and LiDAR
Data points are collected using laser beams that allow one to measure the distance of
the point to the scanner by detecting the reflected beam from the object to be scanned.
3D Laser scanning is a non-contact technology that captures the shape and surfaces of
physical objects or spaces using linear laser light [3].
Using a data-processing software associated with the laser scanner, the user is pre-
sented with a point cloud created from datasets of the detected surface. The scanner
works with pulses of light sent to the object’s surface. The object reflects the light back
to the scanner, which is captured by its built-in camera after a specific time. The time
measured between sending and receiving allows the scanner to map the points in
3D space.

• Photogrammetry
According to the American Society for Photogrammetry and Remote Sensing (ASPRS),
photogrammetry is a method of obtaining trustworthy information regarding physical
objects and their surrounding environment using photographic images [4]. This
technique uses multiple photographs taken from different angles of the target object.
Later, these photos are overlapped, and already developed algorithms can estimate
the relative locations of these images. The final result is a 3D point cloud of the object.

• Videogrammetry
Videogrammetry is similar to photogrammetry, but instead of using several photos to
generate the point cloud, it uses video streams as input. This method is also capable
of a progressive reconstruction of the point cloud due to the sequential nature of the
video frames. According to [5], there are several advantages to using this method in
certain situations, which include:

– 3D and non-contact measurements;
– Large number of objects (targets);
– Moving objects;
– Good temporal resolution requirements;
– Precise and reliable results requirements;
– Fast recording and processing requirements (on-line solutions).

• RGB-D Camera
An RGB-D camera is an RGB (red, blue, and green) camera equipped with a depth
sensor. The generated point cloud is colored with XYZ coordinates and RGB values.

• Stereo Camera
A stereo camera has two or more lenses and a separate image sensor. 2D images of
each lens obtain the 3D point cloud since one lens’s relative position, and orientation
to the other, is known beforehand.

The analyzed alternatives provide a better understanding of the acquisition and
processing of point-cloud data. It becomes clear that 3D laser scanning technology is
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one of the best choices for implementations that require high levels of precision, and the
preprocessing of the points data may be a necessary step to remove undesired values
from the datasets and make the overall system more stable and capable of performing its
designated tasks. A comparison between these methods is also performed in [2], and it is
concluded that 3D laser scanning has higher accuracy and a higher measurement range
than the other mentioned technologies.

Robot paths and trajectories are widely studied subjects. While these subjects share
the same goal, which is the correct movement of the manipulator, there are some essen-
tial distinctions.

Path planning is introduced in [6] as a purely geometric matter and defined as the
generation of a geometric path, with no mention of any specified time law. The goal is
to find a collision-free motion between the starting and final positions. There are several
different kinds of possible paths, which can be simply geometrical or more dynamic,
including obstacle avoidance or simultaneous work with other robots with significant
degrees of freedom or with humans.

The work presented in [8] exposes some ideas that can be implemented, such as the
use of an offline programming platform, the simulation of the robot’s trajectory before
programming the actual system, and the use of OPEN CASCADE open-source libraries as
a way to analyze and use the CAD model. Part of the process is presented in Figure 1.

Figure 1. Steps to generate points (source: adapted from [8]).

The work presented in [9] uses a method that creates a path for 3D grinding using
online measurement data of workpieces with complex surfaces. This approach uses a 3D
laser scanner and point-cloud data. Since the point-cloud data is of very high density, the
author proposed two different topologies:

• Octree
A fast and convergent method in which each node has eight children [10]. If every
internal node of the Octree contains exactly eight children, it is called a full Octree.

• K-d tree
A binary search tree, also known as a K-Dimensional tree, defines nodes as a K-
Dimensional point in space [12]. It is a data structure capable of organizing points in a
K-Dimensional space.

This data goes through pre-processing methods, such as filtering and smoothing. Later,
the path is calculated using a series of planes intersecting with the target’s surface. The
lines formed by the intersection of the planes are used to define the robot tool’s path. The
path is composed of a series of contact points that are then generated, and the posture of
the tool is calculated for each point using the surface’s normal vectors. This study provides
several alternatives to the previous approach by not using Octree or K-d tree topologies
instead of a CAD model, allowing for fast pre-processing of the point-cloud data.

Ref. [13] presents an acquisition and analysis of a conveyor’s belt geometrical surface
used in the mining industry. This approach aims to detect defects in the belt and further
evaluate the overall condition of the conveyor. Laser scanning is used to acquire point-
cloud data, from which the irregularities of the item are extracted, proving an adequate
choice of technology.
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Ref. [14] presents an interactive programming method for using robots in the ceramic
industry. This work aims to develop a robotic solution to finish ceramic tableware parts
per the quality requirements. One of the requirements was to have fully customizable
trajectories, not only those dependent on the object’s shape. This work uses a vacuum
grip to pick up the ceramic piece. The process is divided into five stages: part pick-up,
grind, fettle vertically, fettle horizontally, and unload. Similar to this dissertation’s focus,
the product is picked up and released to the top of a conveyor belt. The robot’s path for
each part was achieved using a programming table and augmented reality (AR). AR is a
technology in which virtual elements are added to a natural scene. The table is equipped
with an infrared vision system that detects an LED pen and a projector for the augmented
scene and allows the definition of trajectories by the user. The working process allows one
to replicate the current polishing of the piece in the user’s application using AR. The final
solution provides an application capable of highly flexible programming. One important
aspect is its outperformance of offline programming in terms of programming time and
system tuning.

Ref. [15] describes a technique used for polishing/fettling ceramic pot handles using
a robot system with a stepper motor, a ball screw, and a force sensor. As opposed to the
previous example of the work presented in [14], the polishing tool is placed at the end of
the robotic arm and is not an external system. The force actuation is controlled with a fuzzy
PID (proportional integral derivative) controller instead of a regular PID to achieve a better
response. The setup is shown in Figure 2.

Figure 2. Pot handle polishing mechanism (source: adapted from [15]).

The polishing trajectories can be generated using CAD or computer-aided manufac-
turing data. The CAD files corresponding to each object are imported, and the polishing is
controlled by a position and force control system. The main downside of this approach is
the limitation to only objects with CAD files. Trajectory points are acquired with cameras,
which are used in different ways, such as extracting the features from a polished surface
or recording the path of the tool in a manual process and replicating it later on. The latter
demands that the camera is fixed to register the tool’s angles in the same plane.

This system was validated using a six-degrees-of-freedom Staubli TX 40 L robotic arm.
The polishing results were validated using a microscope to verify the molding defects of
the ceramic pot, which achieved suitable and desired outcomes.

Ref. [16] exposes a surface-polishing solution with a force-controlled end effector and
multi-step planning. For this application, the selected robot is an ABB IRB 1200 with a 7 kg
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payload and 900 mm reach. The manipulator is equipped with a rotary gripper, and the
polishing tool is stationary. Workpieces are picked and pushed against the abrasive tool.
The force at which it is pushed against the polishing tool is determined by a force controller
using a force sensor equipped on the manipulator. The final system was tested by polishing
a watch bezel with curved surfaces resembling a ring’s shape.

The force-controlled system is designed per the following requirements ([16]):

• Fast and reliable;
• Able to compensate against gravitational and polishing forces;
• Low-weight and compact;
• Capable of supporting different tool weights.

The end tools path is planned per the previously selected shape and size of the
workpiece, not dynamically. Given the ring shape of the object, the authors chose to divide
the process into two different steps: the interior ring and the outer surface. The final
polishing process produced satisfactory results compared to the polishing performed by
factory workers.

Given the different strategies used in each of the previous works, the proposed ap-
proach focuses on using laser-scanning technology to ensure the correct and reliable acqui-
sition of point cloud, which provides a small error. Such data is afterward processed and
analyzed to generate the trajectory of a robot manipulator.

2. Prototype Description

The setup built using the previously mentioned components shown in Figure 3. The
system was mounted at FEUP installations in the Department of Electrical and Computer
Engineering and comprises all the components except the robotic manipulator, which is
currently placed at the Instituto Politécnico de Bragança’s facilities.

Figure 3. Assembled setup.

3. Experimental Setup

The proposed experimental setup is presented in Figure 4.

Figure 4. Experimental setup block diagram.
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3.1. Connection

During the development of this project, the Ethernet option was used due to an official
Gocator GoSDK library provided by the manufacturer, LMI Technologies Inc., Burnaby, BC,
Canada. It can be used by an application written in C, C++, C#, or VB.NET. This library
offers many functions for the user to communicate and retrieve information from the laser.

The developed application is programmed in C++ using the provided GoSDK C library
with Microsoft Visual Studio.

3.2. Speed Acquisition

As a first approach, a magnetic rotary encoder was used combined with a PLC based on
Arduino technology meant for professional industrial use. Magnetic encoders use a small,
diametrically magnetized (two-pole) standard magnet to provide the angular position.
Using SPI communication protocol, an application was implemented capable of receiving
the magnet’s position in degrees and determining the amount turns of the conveyor wheel
based on the last read value. The conveyor’s belt speed in rotations per minute can be
calculated using local program timers and a count of revolution turns in each time frame.
The process’s diagram of Figure 5 presents the used implementation’s algorithm.

Figure 5. Magnetic encoder speed acquisition algorithm.

After calculating the speed in rotations per minute, the conversion to mm/s can
be performed using the radius of the conveyor wheel, and the value is sent to the laser
sensor using the function GoTransform_SetSpeed(). However, this approach is not feasible
because the value is sent to the laser and written in its flash memory. The problem is that
the memory can only undergo a limited number of writes. As such, given that the primary
use for this feature is the nearly constant update of the conveyor’s travel speed to ensure
the correct precision, we cannot use this algorithm in the final implementation and require
an alternative.
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A possible alternative is calibrating the travel speed using the calibration disk provided
by LMI. The assembled conveyor and the mounted laser allow for suitable data acquisition.
The user can manually control the conveyors’ motor speed so the object can be transported
through the laser beam at a constant rate. This feature allows for the correct calibration of
the sensor using a calibration disk, shown in Figure 6, or using the built-in capabilities of
the encoder connection.

Figure 6. Calibration disk (radius/width: 100 mm/10 mm).

3.3. Acquisition

By analyzing the features present in the laser, there are different possible operation modes:

• Video
Outputs video images captured by the sensor.

• Profile
Outputs profiles and profile measurements. These profiles are produced by processing
video images captured by the sensor.

• Surface
Outputs 3D point clouds and performs surface measurements.

Both the profile and surface modes can output a height map of the analyzed object.
The height map is output through the laser with the object data read through the sensor.
Each profile is read, and the whole surface is reconstructed according to the object’s current
moving speed.

The surface mode can generate a CSV file containing the object’s data. On a first
approach, it is possible to try and receive the complete object data set.

However, it was considered more suitable to individually receive the object’s profiles
and later reconstruct the entire object surface, thus leading to the use of profile mode.
This method provides a more feasible approach due to possible reading errors in the
surface mode. It is possible to filter or discard incoming data by receiving each profile
individually, and there is no need to rely on the CSV file generated by the sensor’s software.
Another reason for choosing the profile over the surface mode is the increase in the sensor’s
CPU usage. These high levels can cause delays in the sensor’s communications system,
specifically, a reduction in the ethernet output rates.

The developed application processes the received profiles, and the final result is a 2D
depth matrix containing the x, y, and z values of each data point captured and filtered by
the scanner, as shown in Figure 7.
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Figure 7. Example of object scan.

Given that the profiles sent through the sensor contain the object and its surrounding,
it is essential to isolate the piece’s point cloud. This process is performed using a height
threshold defined by the user regarding the minimum height of the ceramic pieces. In the
studied scenarios, the minimum height of the items was 10 mm. As such, 9 mm was chosen
as the threshold height value for this application. The final result is a 2D depth matrix filled
with zeros except for the points belonging to the object’s surface, as shown in Figure 8.

Figure 8. Example of filtered 2D matrix where the blank spaces represent the values of zero and the
squares represent the object’s surface points.

4. Data Processing
4.1. Used Functions

The system’s overall logic is presented in Figure 9.
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Figure 9. Application logic.

4.2. Library Function

The logic and used function to enable the device’s communications are presented in
Figure 10.
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Figure 10. Libraryfunctions algorithm.

The official Gocator GoSDK C language library provides the necessary functions for
ethernet communication. The list of used functions is presented in Table 1.

Table 1. Used GDK available functions and description.

Function Description

GoSdk_Construct Constructs the Gocator SDK library

GoSystem_Construct Constructs a GoSystem object

GoSystem_FindSensorByIpAddress Gets the sensor object with the specified IP address

GoSensor_Connect Creates a connection to the sensor

GoSystem_EnableData
Establishes data connections to all connected sensors

currently in the <em>ready</em> or
<em>running</em> states.

GoSensor_Setup Gets the GoSetup instance associated with the sensor.

GoSetup_UniformSpacingEnabled Gets the user specified Uniform Spacing enabled state

GoSystem_Start Starts all sensors that are currently in the
<em>ready</em> state.

GoSystem_ReceiveData Receives a set of sensor data messages.

GoDestroy Frees the memory associated with a given kObject
sourced class handle.
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4.3. Developed Algorithms

Firstly, the functions presented in Section 4.2 were used to establish communications
with the laser. Secondly, it is necessary to analyze and process the acquired data for several
objectives, including determining the object’s center, the distance to its boundaries, and the
height of its border, which proved more complex due to the possible varying value of the
border distance to its center point. The value is ideally constant only for circular shapes.
However, the application is meant to calculate several distances in rotational order even if
the object’s shape is non-circular.

4.4. Center Point
4.4.1. Algorithm

One of the objectives of this project is to determine the value of the center point of the
ceramic piece. After acquiring the point cloud as a 2D depth matrix, the data model can be
analyzed to obtain the required values.

A height threshold is used to remove profile outliers, resulting in a point cloud filled
with zeros except for the scan of the object above the height threshold, thus isolating the
object in the model.

The usual method for finding the center of mass of an object uses the weighted values
of each point of the point cloud model, which in this case is the object’s height at each
captured point. For a global scenario, the center of mass of an object can be calculated as
shown in Equation (1).

X = ∑
i

xizi
M

(1)

For this approach, the test pieces are considered uniform. The 3D scan is projected
onto a 2D plane, and each point’s height is considered a unitary value for the calculations.
The total projection of the object allows for the correct identification of the center point
while not being interfered with by the possibly different heights of each point. As such, the
following equations are used for the final calculations:

X = ∑
i

xi
M

(2)

Y = ∑
i

yi
M

(3)

where:

• xi: x coordinate of the point i;
• yi: y coordinate of the point i;
• zi: z coordinate of the point i;
• X: center value in the x-axis;
• Y: center value in the y-axis;
• M: number of points in the point cloud where the height is above the predefined

threshold, i.e., the number of points where the z value is different than zero.

The overall process is describe in Figure 11.
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Figure 11. Center-point algorithm.

4.4.2. Results

Different-shaped objects were tested to better understand the influence of the object’s
shape with the proposed algorithms. These were designed to test the algorithms’ accuracy
and precision in multiple situations and object orientation. Figure 12 represents a circular
item in which the distance of the border to the center is constant. Opposite the circular
object, Figures 13 and 14 represent test items with varying distances from the border to the
center point.

Figure 12. Circular.

Figure 13. Oval.

Figure 14. Rectangular.
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Fifty experiments were performed to read each object’s shape and consequent calcu-
lations to achieve a reliable average result. Each experiment passed the item through the
laser beam at a constant speed of approximately 150 mm/s.

The average errors for each of the X and Y-axis and each shape are presented in Table 2.

Table 2. Maximum average error for center localization.

Shape Average Error of X
Coordinate (mm)

Average Error of Y
Coordinate (mm)

Maximum Error
(mm)

Circular 0.34 0.78 0.78
Oval 0 1.02 1.02

Rectangular 0.108 0.781 0.781

An analysis of Table 2 shows a higher level of uncertainty in the values captured in
the Y-axis. The most significant cause of this problem is the correct calibration of the profile
reads. As locally set timers and time intervals are currently being used for accounting for
new profile reads and have no precise way to control the conveyor’s speed except for its
manual dial, higher error values may occur. One possible solution, which has not yet been
implemented, is incorporating the rotary encoder, which provides a higher precision of the
traveled distance of an object in the conveyor belt. This value allows for the precise Y-axis
mapping and achieves lesser error values.

4.5. Distance to Center
4.5.1. Algorithm

Another requirement is to determine the distance of the farthest points to its center
point. These values are used to assist in the item’s rotation against the polishing tool. The
distance can be constant in the case of circular pieces but may also vary, for example, a
square-shaped plate.

The process starts by analyzing the 2D depth matrix and finding the object’s border
points of the top and bottom rows and the limits on the right and left sides. This sequential
analysis of the model provides an array of points. However, some edges of the model
may be subject to two or three analyses and are repeatedly considered as border values, as
shown in Figure 15. As such, the array is filtered to delete duplicate values.

A crucial aspect of these values is the necessity for them to be in the order of rotation to
obtain the correct rotation of the ceramic piece. The array is ordered in a clockwise method,
as shown in the steps of Figure 16:

• Step 1
Analyze the first row and store the distance values from the lowest to the highest
values of x.

• Step 2
Find the greatest value of x, line by line, until reaching the bottom row and store the
distance values in order.

• Step 3
Analyze the bottom row and store the distance values from the greatest to the lowest
values of x.

• Step 4
Find the lowest value of x, line by line, until reaching the top row and store the
distance values in order.
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Figure 15. Border points’ acquisition.

Figure 16. Steps to order values of distances to center.

The overall process is described in Figure 17.

Figure 17. Center-point algorithm.
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4.5.2. Results

Similar to the process in Section 4.4.2, a set of different-shaped pieces was considered
for testing, and a dataset of 50 experiments was acquired for each different shape.

To test the algorithm proposed in Section 4.5.1, it was considered adequate to evaluate
the application’s performance regarding the maximum and minimum expected values,
which correspond to the top and bottom distances scheduled from the center of each object
to its outer rim. For example, regarding the oval shape of Figure 13, the minimum and
maximum distances to the center are ideally 30 mm and 45 mm, respectively. Each top,
bottom, and corresponding error is presented in Table 3.

Table 3. Maximum average error for distance to center calculation.

Shape

Top Ideal
Measure-

ment
(mm)

Bottom Ideal
Measure-

ment
(mm)

Top Value
Error (mm)

Bottom
Value Error

(mm)

Max Error
(mm)

Circular 50 50 2.241 2.241 2.241
Oval 45 30 1.401 1.675 1.675

Rectangular 85 52.5 1.774 1.599 1.774

The results show a maximum error of 2.241 mm, which is considered as a relatively low
value due to the dimensions of the pieces. However, as mentioned in Section 4.4.2, these
results can be improved if provided the necessary implementation of the rotary encoder.

4.6. Border Height
4.6.1. Algorithm

The third requirement for this application is to determine the height of the object’s
outer borders to allow for the correct positioning of the robotic manipulator when next to
the polishing tool.

The height value of each captured point is stored in the application. As such, the only
necessary tasks to perform are to average the already filtered array of obtained values,
explained in Section 4.5.1, and transmit the values to the robot for placement of the end
tool . The overall process is described in Figure 18.

Figure 18. Border height algorithm.

4.6.2. Results

After applying the process of Section 4.4.2, the heights expected and measured are
presented in Table 4, as well as the error of the values.
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Table 4. Maximum average error for height determination.

Shape Height (mm) Average Measured
Height (mm)

Maximum Error
(mm)

Circular 94.4 93.361 1.039
Oval 19 19.448 0.48

Rectangular 17 17.263 0.263

Similar to the other algorithms, the proposed approach presents a relatively small
error value, reaching maximum errors of approximately 1 mm, which is a very positive
factor for the development of this work.

5. Trajectory Generation
5.1. Environment Conditions

All the components were considered static for initial testing, and there were no un-
known obstacles between the conveyor and the polishing tool. The result is a more direct
approach to the trajectory of the manipulator. A general view of the proposed setup is
presented in Figure 19.

Figure 19. Full setup.

5.2. Strategies

The main goal of this project is the data acquisition and trajectory generation of the
end tool of a robotic manipulator capable of moving a ceramic piece close to a polishing
station. However, a more classic approach was used for the initial testing of the acquired
data, considering the polishing bit at the tip of the end tool instead of a vacuum gripper.

For initial testing, the robot was tested with a predefined trajectory using its STEP
FILE [17] option, which allows the program to import trajectories from CAD software and
run it in the robot environment. However, the trajectory points cannot be modified in the
CAD approach. The alternative was calculating and directly sending the points to the robot
using Modbus and a developed Lazarus application.

5.3. Robotic Manipulator

The communication protocol used for controlling the robot is Modbus, a standard
data communication protocol used in industrial automation that established a common
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language for information exchange between electronic devices. In this application, the
protocol is used through an ethernet cable and works in two different ways:

• Modbus Serial
Based on master/slave architecture. The master usually starts communication, and
the answers are sent by the slave with the requested information or acknowledging a
specific task.
Modbus serial can work with RTU mode, with addresses represented in binary format
or ASCII mode, where they are represented in ASCII format. The latter, however,
consumes more resources from the network.

• Modbus TCP
Based on server/client architecture. The communication is started by the client re-
questing data from the server. In this application, the robot acts as the client and the
computer as the server.
Data is encapsulated in binary format using TCP frames and sent through an ether-
net cable.

5.4. Polishing Tool

The polishing tool used with this prototype is currently being developed in IPB [18].
The finishing device has a sponge, a DC motor, a stepper motor, several measurement
sensors, and a 3D-printed outer casing. The assembled tool is shown in Figure 20. The
overall system is controlled with an Arduino UNO.

Figure 20. Full application algorithm.

6. Conclusions and Future Work

Image acquisition can be accomplished in multiple ways. Each analyzed alternative
has certain advantages, namely, precision and accuracy. In this work, using a 2D laser
scanner combined with a conveyor provided the necessary precision for the required
performance of the system. It was considered a promising approach for the necessary detail
levels for this application. The results prove a minimal error regarding its expected values,
which is a positive factor in favor of this implementation.

The main problem encountered during the development of this work was the speed
acquisition of the conveyor belt due to the inability to constantly change the calibrated
speed of the laser scanner by updating its FLASH memory. The other main issue was the
calibration of the application with the data output frequency of the scanner to achieve a
correct reconstruction of the object’s surface.

Future work in this subject will likely include the simulation of the robot’s behavior
with the output coordinates from the developed algorithm, with a simulation environment
yet to be determined. This work is an essential module of a larger project in collaboration
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with Instituto Politécnico de Bragança. The other modules are currently being studied and
perfected, including the polishing tool with a force response system and the control and
actuation of the robotic manipulator.

The next step in the project includes combining the algorithms presented in this
dissertation with the other modules. Initial testing will only be performed with the robotic
manipulator to ensure the correct localization of the ceramic’s central point. Only then
will the polishing module be incorporated with the information about the robot’s path.
However, tests are currently being performed using only the other two modules without
the dynamic acquisition of data from the laser scanner. As such, combining the whole
system will likely prove to be a faster process.

It is also important to note that the presented results are only for the measurements
of the objects and do not include the incorporation of the robotic manipulator and the
polishing tool, seeing these are still being incorporated.

Finally, the main novelty this work presents is incorporating the dynamic trajectory
generation of the robot manipulator with the moving polishing station, with is dynamically
regulated and moved according to the reading of force sensors.
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