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Assessment of the Aluminium Profiles Surface Condition during the Extrusion Process

Correct production of aluminium profiles requires optimising many parameters on the production line. Irregularities in the 
process cause, among others, unfavourable changes in the surface geometry structure (SGP) of the profile, including roughness. 
Therefore, assessing surface roughness makes it possible to identify abnormalities in the production process. An original vision 
system was proposed to analyse changes in the profile surface roughness during the extrusion process. The constructed system, 
placed on the production line, consists of a monochromatic camera and prototype illumination that enable recording profiles of 
various shapes. The system allows for quick detection of changes in the quality of the profile surface based on the analysis of re-
flected light distribution. The work presents, among others, a comparison of vision measurement results obtained during extrusion 
with the process parameters recorded on the production line.
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1. Introduction

The value of the market for aluminium alloy products was 
estimated at approximately $150 billion at the beginning of the 
2020s. It is expected to almost double in the coming years and 
reach $260 billion in the early 2030s [1]. The development of in-
dustry segments such as transport and construction significantly 
contributes to this increase. New industry segments (e-mobility 
and renewable energy sources) widely use aluminium profiles.

By the classification presented in [2], the process of ex-
truding aluminium profiles can be carried out in six variants. 
The two main types of the process, direct extrusion and indirect 
extrusion, can be implemented in different ways depending on 
the design of the punch (with a mandrel, without a mandrel). The 
most frequently used method of producing aluminium profiles 
is direct extrusion. Aluminium alloy in the form of a heated ingot 
is pressed through a properly shaped die that gives it the desired 
shape. The obtained profile’s accuracy, surface roughness, and 
possibility of defects depend on the process parameters and the 
condition of devices and tools, including the die. The geometry 
of the cross-section of the extruded profile is no less important. 
The degree of complexity significantly affects the difficulty of 
extrusion, but this phenomenon is not clearly explained. This fact 
is evidenced by numerous attempts, starting from the 1960s [3] 
to define the concept of extrudability and to build a classification 

[4] that allows for organizing the cross-section geometry in terms 
of increasing extrusion difficulty [5].

To examine defects occurring in the process of extruding 
aluminium profiles [6], vision systems based on traditional cam-
eras supported by convolutional neural networks [7] or based 
on gradient-only co-occurrence matrices (GOCM) [8], thermal 
cameras [9] and a combination of a CCD camera with a thermal 
imaging camera [10] are increasingly used.

Assessment of the condition of the profile surface, includ-
ing its roughness, enables the identification of disturbances in 
the production process. These disturbances may affect not only 
the visual aspects of the profile surfaces but also the features 
important for their further processing [11]. Hence, it was decided 
to use roughness measurements to monitor the extrusion process. 
There are two basic types of roughness measurements: contact 
and non-contact. Due to the need for ongoing measurement on 
the production line during the extrusion process, only non-contact 
measurements are possible. In the field of non-contact measure-
ments [12] performed online [13], laser light scattering models 
[14] can be used. A measurement system consists of a laser, 
a screen and a light detector (camera). The laser beam falling on 
the tested surface is reflected and partially scattered towards the 
screen. On the screen recorded by the detector, an image of the 
scattering of laser light reflected from the surface is obtained. 
This image is created by two reflection components: specular 
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reflection and diffuse reflection. The intensity of reflected light 
(called reflectivity) for specular reflection depends on the surface 
roughness [15]. The share of both reflection components also 
depends on the surface roughness. Analysis of the distribution 
of light falling on the screen allows to determine the roughness 
of the tested surface with high accuracy [16]. Such measurements 
are possible for the surface roughness in the range of small values 
(below Ra 1 µm), which is consistent with the system’s require-
ments for monitoring the extruded profile surface, for which the 
roughness Ra usually does not exceed 1 µm.

2. Experimental setup – research method

A point laser light source allows, after prior calibration, 
the determination of the roughness of the tested surface with 
high precision. However, using such a light source has two main 
disadvantages in the discussed application. The first is health 
and safety requirements, which could limit the possibilities of 
using laser sources reflected from the surface of highly reflective 
profiles. The second disadvantage is related to the possibility of 
measurement only at one point, which limits the profile area that 
can be measured simultaneously. This is especially important 
when extruding more than one profile simultaneously. To elimi-
nate problems related to the use of a laser source, it was decided 
to replace it with an LED illumination, which was preceded by 
an analysis using the prepared light reflection model (Fig. 1). 
At the same time, the configuration of the vision system was 
changed by getting rid of the screen. The setup, using a point 
LED light source (Fig. 2b), still allows the detection of rough-

ness changes similarly to the use of a laser source (Fig. 2a). A 
point light source enables the assessment of surface roughness. 
Still, it limits the measurement to only one point. To moni-
tor roughness changes simultaneously in many places of the 
aluminium profile during the direct extrusion process, it was 
decided to use line illumination consisting of many point LED 
sources. It allows for the recording of roughness across the 
entire profile as it moves under the optical system. In the solu-
tion used, the reflection of the line light source from the tested 
surface is recorded by a camera. A light reflection model was 
used to analyse the possibility of recording changes in surface 
roughness using a line illumination based on the combination of 
many point sources arranged in a line. The model used is based 
on, among others, the relationship presented in the publication 
[10], which allows for determining the value of the reflectivity 
of a metallic surface as a function of its roughness. The model 
considers the brightness distribution of the reflected point light 
source recorded by the camera in directions parallel and perpen-
dicular to the direction of the surface texture. The model uses 
the combination of specular and diffuse reflection described  
by formula (1).
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	(1)

where: Ik – light intensity in the k direction (perpendicular or 
parallel) at the point with coordinate x; c – location of the re-
flection centre in the image and S1, S2, σ1, σ2 – experimentally 
determined parameters depending on the surface roughness and 
the configuration of the vision system.

Fig. 1. Comparison of pixel brightness distributions for different roughnesses for experimental measurements and the model in the direction 
parallel to the surface texture (a) and perpendicular (b); comparison of the real and synthetic image for a point light source with a roughness of 
Ra 0.1 (c) and a synthetic image for a line illumination (d)
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Comparison of pixel brightness distributions for experi-
mental measurements (Fig. 1a,b upper graphs) and the model 
(Fig. 1a,b bottom graphs) indicate high compliance of the model 
with experimental data. Finally, based on the above model, syn-
thetic images were generated for the point light source (Fig. 1c 
bottom image) and then for line illumination as a set of point 
light sources (Fig. 1d).

Line illumination causes changes in the characteristics 
of light reflected from the surface. Such illumination behaves 
like a set of point sources located close to each other, whose 
distributions overlap to create a complex reflected light system. 
This forced the creation of a new parameter called the Rough-
ness Synthetic Parameter (RSP), which enables the analysis of 
reflected light for the line illuminator. Roughness assessment 
using the RSP parameter is based on the brightness distribution 
of reflected light in the direction perpendicular to the light line. 
The analysis can be performed along the entire length of the light 
line or at any point therein. Thanks to this, the RSP parameter 
can reflect in detail the changes occurring in the roughness in a 
specific place of the profile or average them over the entire cur-
rently examined surface. It should be noted that this parameter is 
also sensitive to other process conditions that affect the reflection, 
absorption and scattering of light. For this reason, during the 
process, changes cannot be made to the geometry of the vision 
system, the distance of the system from the examined surface, 
the geometry of the profile or the type of extruded aluminium 
alloy. These changes affect the parameters of reflected light and 
may cause incorrect results in assessing the roughness of a given 
profile. Due to its universality, resulting from the assumption of 
many point sources arranged in a line, the RSP parameter can 
also be used with point sources, as shown in Fig. 2, where the 
results for point and line illuminators are presented.

3. Industrial research

The analyses performed using synthetic images showed 
the possibility of estimating roughness using a line illumina-
tor, confirmed by experimental tests (Fig. 2c). This enabled 
the construction of a vision system intended for installation on 
a production line. Therefore, it was decided to install the system 
in the production line of one of the Polish manufacturers. The 
line where the system was installed is equipped with a press 
that allows the extrusion of ingots with a diameter of 7” and 
the production of profiles weighing from several dozen grams 
to several kilograms per linear meter of the extruded profile. 
Profiles with a wide range of cross-sectional geometries were 
used in the tests, having both external surfaces flat (polygonal 
cross-sections) and convex (oval cross-sections). Three basic 
6xxx series alloys were selected for testing, i.e. 6060, 6063 and 
6082. The in-line extrusion speed, ranging from 2 to 50 [m/min], 
required adjusting vision system operating parameters, particu-
lary exposure time and recording frequency. The prepared system 
is based mainly on an industrial camera and a prototype line 
illuminator in the shape of a semicircle. The illuminator works 
in strobe mode. A special controller was used to synchronize the 
camera with the illuminator. The camera is connected via the 
CoaXPress interface to a computer equipped with vision software 
prepared by the authors. The video recording parameters, i.e. 
exposure time, illuminator power, recording frequency, interface 
data throughput, etc., have been selected so that at maximum 
line speeds of up to 50 m/min it is possible to record the entire 
profile surface with a resolution of up to 0.2 mm/px. The short 
exposure time used (150 μs) allowed to minimize the impact of 
possible profile vibrations. After previously performed analyses, 
it was decided that the vision system would be placed behind 

Fig. 2. Diagram of the experimental setup and the course of the RSP parameter as a function of roughness for laser light source (a), LED point 
light source (b) and line illumination (c)
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the cooling system (Fig. 3), next to the cooling system housing 
(Fig 4a). The choice of such a location for the system resulted 
from several conditions:
•	 need to be install in a place with a limited temperature,
•	 acceptable delay in response to changes occurring during 

the extrusion process,
•	 high stability of the profile position on the transport rollers.

Placing the system directly behind the cooling system al-
lowed for a reduction of the temperature, affecting the compo-
nents of the vision system, including the illuminator. Depending 
on the extrusion speed, the profile at the registration area appears, 
with a delay of 30÷120 seconds after leaving the die. Placing 
the profile on rollers and guiding it through a puller makes the 
monitored element sufficiently stable.

The vision system for roughness assessment using the RSP 
parameter enables adaptive adjustment of the shape and size of 
one or several measurement areas to the extruded profiles. This 
allows to assess the roughness of any number of simultaneously 
extruded profiles of different widths and shapes. Due to the na-
ture of the measurement, the measured surface must be visible 
through the vision system. Hence, measurements of internal 
surfaces are not possible using the proposed method. By default, 
the vision system provides an average RSP roughness assess-
ment result from all active measurement areas. By observing this 
parameter, the line operator can quickly react to any anomalies 
occurring in its course, which may indicate changes in the rough-

ness of the tested surface. Moreover, the system continuously 
records the images of the examined surfaces. This allows to 
compare the RSP results with a direct visual examination of the 
profile surface (Fig. 4b). Additionally, it is possible to set the limit 
values of the RSP parameter. When exceeded, an alarm appears, 
and photos of the surface are saved. This allows the operator to 
be informed about potentially critical surface quality and to see 
surface images captured during the alarm at any time. The RSP 
parameter and visual assessment combination should enable 
a detailed analysis of the anomaly and be used to prevent it.

Example images of defects on the surface of the profile 
recorded by the system after exceeding the limit RSP value 
during extrusion are shown in Fig. 5a. The examples were taken 
from profile (reference surface image – Fig. 5b) extruded with 
12 m/min velocity.

4. Results and discussion

The vision system installed on the production line records 
the RSP value with a frequency of 2 Hz and 50 Hz in the event of 
an alarm, which is sufficient to detect even short-term changes. 
Fig. 6 shows an example of a five-hour RSP course. This course 
contains several characteristic elements. These include areas 
related to line downtime between die replacements, where RSP 
reaches zero.

Fig. 3. Place of vision system installation on the production line: 1 – hydraulic press, 2 – cooling section, 3 – vision system, 4 – run-out table

Fig. 4. Vision system mounted on the production line (a) and vision application windows (b): 1 – illuminator, 2 – camera, 3 – image recorded by 
the camera, 4 – current RSP waveform with marked alert limits, 5 – RPS waveform during the alert occurrence, 6 – current preview of the profile 
surface, 7 – preview of the profile surface during the alarm, 8 – control window
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The waveform also shows regularly occurring short jumps 
in the RSP value (Fig. 7a), which appear when the connection 
zone of successive billets passes under the vision system. Observ-
ing the RSP course without exchanging the die, one can often 
notice a decrease in its value in the initial period of extrusion 
and then stabilization. Within a single billet (Fig. 7b), locating 

areas of disturbance resulting from the nature of the production 
line operation is also possible.

All the previously mentioned changes in the RSP value are 
related to the course of the production process and its parameters, 
which are manifested, among others, by changes occurring on 
the profile surface. Due to the configuration of the vision sys-

Fig. 5. Examples of anomalies recorded by the system on the profile surface (a) and the reference profile surface (b)

Fig. 6. Example of a five-hour course of the RSP value: 1 – production downtime, 2 – die replacement, 3 – course for a single die

Fig. 7. Close-up of the RSP waveform for one matrix (a) and the waveform for a single billet (b): 1 – area of connecting billets, 2 – disturbance 
within a single billet
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tem, the RSP value depends not only directly on the condition 
of the profile surface but also enables the detection of various 
types of disturbances, such as deflection of the profile causing 
a change in the orientation of the examined surface in relation 
to the vision system. During the research, a series of extrusion 
tests were performed. In addition to recording the RSP value, 
selected operating parameters of the production line were also 
recorded at a frequency of 2 Hz. These included punch speed, 
puller speed, profile temperature at the die exit and profile tem-
perature after cooling (near the place of vision measurement). 
The recorded data were compared to the RSP waveform (Fig. 8), 

considering the time shift between the profile leaving the matrix 
and its appearance under the vision system.

Analyzing the compiled data allows observing certain 
dependencies between the recorded waveforms, such as the 
relationship between temperature and surface quality. However, 
not all relationships are clear and vary depending on the profile 
being extruded.

In turn, the observable disturbance in the RSP course for 
a single billet (Fig. 9a) could be perceived as a recording dis-
turbance caused by possible vibrations during a sudden change 
in the puller speed. In fact, it is related to the change in the qual-

Fig. 8. Compilation of the RSP waveform with temperature and puller speed measurements

Fig. 9. The disturbance (marked in red), visible in the RSP comparison with puller and punch speeds with time shift (a) and without time shift (b)
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ity of the profile surface, as indicated by RSP combined with 
the speed of the puller and punch without time shift (Fig. 9b). 
It turns out that the RSP disturbance occurs at a different time 
point than the velocity change.

The recorded changes in the RSP value and, therefore, 
changes in the quality of the profile surface cannot be fully 
explained by standardly recorded process parameters. However, 
apart from the standardly recorded parameters, there are a number 
of variables that influence the result of the profile extrusion pro-
cess. One of such parameters is the condition of the die surface, 
which cannot be directly verified during extrusion. It is known 
that the die is subject to wear and dirt during operation, which 
directly affects the quality of the profile surface. This phenom-
enon is visible in the RSP course as a rapid decrease in its value 
in the initial period of extrusion, when the cleaned die surface 
undergoes rapid changes until it becomes relatively stable.

5. Conclusions

Based on the research conducted and the obtained results, 
it is possible to formulate the following conclusions:
•	T he vision system equipped with a line illumination enables 

the detection of changes in the surface quality of aluminium 
profiles, including roughness, during the extrusion process,

•	T he vision system based on a prototype illuminator and 
dedicated software enables adaptive adjustment of the 
measurement to various geometries and the number of 
simultaneously extruded profiles.

•	T he prototype vision system enables the detection of anoma-
lies in the production process that may be difficult to find 
based on other parameters recorded on the line and allows 
to detect changes in surface quality also resulting from fac-
tors that cannot be directly monitored during production.

•	 Measurements based on the analysis of reflected light is 
sensitive not only to changes in the quality of profile sur-
faces, but also disturbances related to changes in profile 
geometry

•	D ue to the different locations of the production line meas-
urement systems and the prototype vision system, special 
time synchronization of data is necessary.

•	T he location of the prototype station behind the cooling 
system ensured appropriate working conditions for its ele-
ments and an acceptable distance from the die exit.
Finally, it should be stated that the designed surface con-

dition monitoring system allows the operator to make quick 
decisions in order to prevent the surface quality from decreasing 
below the assumed values.
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