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Shape Measurement of Steel Strips Using a
Laser-Based Three-Dimensional

Reconstruction Technique
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Abstract—Quality control is of utmost importance in the metal
industry. It requires online measurement and inspection systems
which provide precise feedback to closed-loop controllers in in-
dustrial facilities. In rolled products, shape is one of the main
quality criteria. In this paper, a low-cost real-time 3-D shape
measurement system for long flat (FL)-rolled products based
on laser triangulation is proposed. The system provides online
measurements of two geometrical features of the shape of rolled
products: flatness and width. The proposed system is based on 3-D
surface reconstruction of rolled products with which flatness can
be measured accurately and continuously across the whole width
of the strip. Three-dimensional surface reconstruction provides
highly accurate width measurements not only of FL products, as
do most other systems, but also of non-FL products. The accuracy
of the laser extraction method used to reconstruct the surface of
the rolled products is evaluated, as well as the online performance
of the system.

Index Terms—Feature extraction, flatness measurement, image
processing, measurement by laser beam, metal industry, shape
measurement, width measurement.

I. INTRODUCTION

THREE-DIMENSIONAL (3-D) reconstruction is one of
the most outstanding research fields in computer vision.

The wide range of applications of 3-D reconstruction covers au-
tonomous navigation and guidance, quality inspection and con-
trol, reverse engineering, object recognition, medical imaging,
and shape digitizing, among others. Three-dimensional recon-
struction aims to compute a 3-D model of the objects of a scene
from one or more 2-D images of the scene. Certain applications,
such as autonomous airborne navigation and automatic quality
control of long products, require a combination of the informa-
tion gathered from multiple color or range images to accurately
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Fig. 1. Feedback block diagram of a shape control process.

reconstruct the objects of interest. One major application of
3-D reconstruction is obtaining metric information of the ob-
jects of a scene, usually involving 3-D shape measurement.

Three-dimensional shape measurement has evolved rapidly
over the last decade [1] to meet real-time constraints in optical
systems. Several optical techniques have been developed to
measure the 3-D shape of objects from one position [2], [3].
Based on these techniques, several machine vision methods
have been developed to inspect industrial processes and, thus,
to inspect or control the quality of the manufactured products.

In the metal industry, specifically the production in long flat
(FL)-rolled products, geometrical factors are used to estimate
the quality achieved in the rolling process. An evaluation of
these factors allows the manufacturer to determine whether the
production or customer requirements have been fulfilled. This
evaluation task usually requires real-time shape measurement
during manufacturing.

In this paper, a low-cost real-time 3-D shape measurement
system for long FL-rolled products based on laser stripe scan-
ning is proposed. Based on a 3-D reconstruction of the surface
of the inspected strips, the system aims to compute the two main
geometrical factors affecting the final quality of the product:
flatness and width. This system can also be applied to many
other metallic and nonmetallic rolled products. Fig. 1 shows the
block diagram of the shape control process in a strip production
plant, where the component called shape inspection is the
system proposed in this paper.

Flatness can be defined mathematically as the degree to
which the surface of an FL product approaches a plane [4].
During the rolling process, a flatness control system drives the
mechanical and thermal actuators of the rolling mill to adjust
the shape of the strip. The first actuators adapt the roll gap,
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the bending, and the tilting of each rolling mill stand [5]. The
second actuators compensate for uneven temperature across the
strip during rolling [6]. The flatness control system is usually a
closed-loop controller which requires precise feedback. Thus,
flatness measurements must be carried out while the strip is
being rolled.

Width is also a vital factor in the quality of an FL-rolled
product. During the rolling process, a width control system
drives mechanical actuators to adapt the roll gap of the edging
mill. Like flatness control systems, width control systems are
closed-loop controllers which require precise feedback. There-
fore, width measurements must also be carried out while the
strip is being rolled.

Optical 3-D shape measurement techniques are covered in
Section II, analyzing their main advantages with regard to
other techniques, as well as the light patterns that can be
used. The laser stripe scanner proposed in this paper for shape
measurement of steel strips is covered in Section III. Both the
geometry of the proposed system and the laser stripe extraction
method are described, and the accuracy achieved is analyzed.
The computation of flatness measurement from 3-D surface
reconstruction is described in Section IV, while Section V
reports the width measurement approach proposed in this paper.
The online performance of the proposed system is analyzed in
Section VI, and the conclusions are presented in Section VII.

II. THREE-DIMENSIONAL SHAPE MEASUREMENT

The ever-changing demands for improved quality of rolled
products make the use of high-speed 3-D measurement systems
essential. These systems are usually required to operate in real
time, both to send the measurements as feedback information
to closed-loop controllers and to display the measurements
to the human operators of the mill. The deadline for these
tasks is imposed by the speed of the product movement during
manufacturing.

Machine vision systems based on optical 3-D shape measure-
ment outperform mechanical systems, which are mainly based
on contact principles and can cause scratching of the surface of
the products during inspection.

Traditionally, 3-D machine vision methods for nondestruc-
tive testing are classified into two groups: passive, which only
requires environmental light to illuminate the scene, and active,
in which light patterns are projected onto the surface of the
object to be measured. These methods can also be classified
based on the spatial or temporal domain in which they locate
corresponding features [7].

The most commonly used passive machine vision method
is shape-from-stereo or stereovision method [8]. This method
uses two cameras to simultaneously acquire a pair of images
of the scene. Three-dimensional information about the scene
can be obtained by finding corresponding pairs from the two
images. Other passive methods include shape-from-shading,
shape-from-motion, and shape-from-texture methods. The ef-
fectiveness of these methods is reduced in uncontrolled lighting
conditions, such as those in industrial facilities.

The most widely used systems for shape measurement in
the metal industry are based on active methods, particularly

structured light [9], which simplify the mathematical solution
of the correspondence problem [10].

Active machine vision methods for noncontact shape mea-
surement in industry are usually based on the triangulation
principle [11]. This principle, together with structured light
methods, makes the 3-D reconstruction of the surface of rolled
products feasible. The term structured light refers to a method
which casts simple or encoded light patterns onto the illumi-
nated scene [12], which improves the definition of the features
of the surfaces of objects.

Structured light systems are based on the stereovision tech-
nique, in which one camera is replaced by an active light
projector. The projected light pattern can be classified into three
groups [10], [12]: spot patterns; stripe patterns, which may be
static or encoded; and color patterns. Spot- and stripe-based
systems are slower but more robust than those based on encoded
stripes, which are more prone to error. In real-time applications,
laser light is the preferred choice for casting patterns onto the
scene [13].

Laser stripe scanning, which outperforms the spot-based
technique, uses a simple geometric pattern, i.e., a single stripe,
projected onto the surface of the object to be measured. A
larger set of 3-D measurements can be gathered if several light
stripes are projected onto the surface of the object; however,
the corresponding problems associated with these systems are
more complex. Therefore, the system proposed in this paper for
real-time 3-D shape measurement is based on the projection of
a single stripe.

III. LASER STRIPE SCANNER FOR 3-D SHAPE

MEASUREMENT OF ROLLED PRODUCTS

The system presented in this paper is a low-cost real-time
3-D shape measurement system of steel strips based on a laser
stripe scanning technique, also known as slit scanning. This sys-
tem uses 3-D surface reconstruction of the strips to be inspected
to provide online measurements of the two main geometrical
factors of the strips: flatness and width. The proposed system
can also be used with many other metallic and nonmetallic
rolled products.

A. Geometry of the System

A laser emitter casts a single beam onto the scene, and its
intersection with the surface of the strip produces a visible
stripe. The wavelength of the beam is 670 ± 10 nm. Laser light
is used because it is more power efficient and requires less
maintenance than other kinds of light sources. Also, the high
spectral radiance of laser light reduces the exposure time per
measurement. The laser stripe projector is located at the center
of the roll path of the production line, as can be seen in Fig. 2.

The visible stripe in the scene is captured by a 1280 × 1024
pixel CMOS matrix camera, also centered over the roll path of
the production line. The triangulation angle is determined by
the dimensions of the region of interest (ROI) of the scene, the
dimensions of the camera sensor, and the vertical fluctuation of
the surface of the strip during manufacturing. The most widely
used triangulation angle in slit scanners is 30◦. In general, as the
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Fig. 2. Geometry of the laser stripe scanner.

Fig. 3. Image acquired by the camera of the proposed system, including the
ROI of the scene where the laser stripe is projected on both (center) the surface
of the strip and (sides) the surface of the roll path.

triangulation angle increases, the sensor range decreases and
resolution increases. After several simulations and experiments,
the optimal triangulation angle for the proposed system has
been found to be 45◦, which achieves the highest resolu-
tion, eliminating the likelihood of missing data due to sensor
occlusions.

The camera of the system uses an optical filter to increase
the signal-to-noise ratio of the scene. The passband of the filter
takes into account the wavelength of the light emitted by the
laser projector, as well as the angle of incidence of the laser
stripe onto the camera sensor. In the proposed system, a dark red
filter is used, where its narrow bandpass is centered at 660 nm.

The ROI of the scene contains the laser stripe projected on
both the surface of the strip and the surface of the roll path
of the production line. The ROI of an image acquired by the
camera of the system is shown in Fig. 3.

B. Laser Stripe Extraction

The laser stripe projected onto the scene, together with the
speed of the strip during manufacturing, is used to reconstruct
the surface of the strip. In order to express the laser stripe on the
surface of the strip in the 3-D coordinate system of the scene,
the camera of the system must be calibrated. Several calibration
techniques have been proposed [14]–[17]. In this paper, the
nonlinear method proposed by Heikkilä is favored because of
its balance between accuracy and calibration effort [18].

Laser stripe extraction is a straightforward task under con-
trolled lighting conditions. However, the noise which appears

in the scene in industrial facilities affects general-purpose
methods.

The 3-D shape measurement system proposed in this paper
extracts the laser stripe from each image acquired by the
camera based on the method described in [19]. The laser stripe
extraction method is accomplished in two stages. First, the
laser stripe projected onto the roll path of the production line
is extracted by means of a boundary linking process based on
prior knowledge of the shape of the roll path. Second, the laser
stripe projected onto the surface of the strip is extracted by
means of a global search, where the searching area is delimited,
taking into account the information obtained in the first stage.

In the second stage of the laser stripe extraction method, the
shape of the laser stripe projected onto the surface of the strip
is fitted using an improved split-and-merge approach based on
the iterative end-point fit procedure [20]. The fitting procedure
adjusts the laser stripe by means of a set of continuous seg-
ments. Several experiments with different lighting conditions in
the production line were carried out to determine the best type
of segments to accurately fit the laser stripe onto the surface of
the steel strips. Linear, quadratic, and Akima splines [21] were
evaluated. The extraction of the laser stripe onto the surface
of steel strips using Akima splines proved to be smoother than
using linear and quadratic segments. Thus, these segments are
the most suitable to fit the laser stripe projected onto the strips.
Furthermore, noise detection and removal are carried out easily
using Akima splines.

The laser stripe extraction method provides a set of segments
which describes the shape of the laser stripe projected onto the
surface of the steel strip. The results of the laser stripe extraction
method applied over three different images are shown in Fig. 4.
The first image [first row of Fig. 4(a)] shows a nearly FL steel
strip. The figure shows how the laser stripe projected onto the
surface of the strip is fitted by means of only one segment
[second row of Fig. 4(a)]. The second image [Fig. 4(b)] shows
a strip with a concave down (CD) profile. It can be seen that the
extraction method requires two segments to accurately fit the
stripe. Finally, the third image [Fig. 4(c)] shows a stripe with a
concave up (CU) profile. The figure shows the three segments
computed by the fitting procedure.

The segments describing the stripe onto the surface of the
strip provided by the extraction method are expressed in the 2-D
coordinate system of the image. Once the system has been cali-
brated, the stripe can be expressed in the 3-D coordinate system
of the scene, making it possible to take metric measurements of
the surface of the strip.

C. Accuracy of 3-D Shape Reconstruction

Camera resolution and camera calibration are factors which
influence the accuracy of the 3-D shape reconstruction of an
object. The accuracy of the calibration procedure is evaluated
based on the discrepancy between the real position of the
reference points of the calibration pattern and the 3-D position
estimated from its 2-D projection in the image. For each 2-D
reference point extracted from the image, the calibrated model
is used to reproject the point over the laser plane, measuring the
distance between the 3-D reference point and its reprojection.
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Fig. 4. Laser stripe extraction. (a) FL. (b) CD. (c) CU.

Fig. 5. Pattern used in calibration procedure located at the center of the ROI
of the scene.

Fig. 6. Calibrated workpiece used in the evaluation of 3-D reconstruction
accuracy.

Fig. 5 shows an example of the set of images used in the
calibration procedure. In this image, the reference points used
for the calibration procedure are the center of mass of each
rhombus of the pattern. The manufacturing procedure of this
pattern guarantees that the distances between adjacent reference
points have an error of less than 0.1 mm, which gives an
uncertainty in the distance between reference points in the
pattern of 0.058 mm.

The accuracy of the 3-D shape reconstruction of an object
is also influenced by the laser stripe extraction method. The
accuracy of the laser stripe extraction is evaluated by assessing
the accuracy of the 3-D reconstruction of objects whose physi-
cal dimensions are known. For this purpose, several aluminum
workpieces calibrated with an error of less than 0.2 mm were
used. This error gives an uncertainty in the dimensions of the
calibrated workpiece of 0.115 mm. The 3-D shape of each of
these workpieces has been reconstructed from several locations
of the ROI of the scene using the laser stripe extraction method
described in this paper. Fig. 6 shows an example of the set of
images acquired for reconstructing the shape of a calibrated
workpiece located at the center of the ROI of the scene with
adverse lighting conditions.

TABLE I
ACCURACY EVALUATION OF 3-D SHAPE RECONSTRUCTION

Table I shows the results of the accuracy evaluation for both
the calibration procedure and the laser stripe extraction method.
The accuracy of the calibration procedure was achieved us-
ing a calibrated pattern located at three different places of
the ROI, involving over 400 measurements between reference
points. The accuracy achieved in the calibration procedure is
considered excellent since the mean error is less than double
the uncertainty with which the distance between the reference
points is known.

The accuracy evaluation of the laser stripe extraction was
carried out using three different calibrated workpieces located
in 21 different places of the ROI, involving over 3000 measure-
ments of the calibrated workpieces. The accuracy achieved in
the laser strip extraction method multiplies the uncertainty by
up to nine times those of the known physical dimensions of the
aluminum workpieces. Although this level of accuracy if far
from that achieved in the calibration procedure, it is important
to note that this accuracy evaluation has been carried out taking
into account the worst lighting conditions of the production
line. Therefore, this level of accuracy can be considered very
high.

IV. FLATNESS MEASUREMENT

The final quality of a rolled product is characterized to a
large degree by its flatness. Rolled products with poor or bad
flatness are more likely to break, as well as to damage their
own surfaces, during subsequent manufacturing processes. To
achieve good flatness, a closed-loop controller which requires
precise online flatness measurements as feedback is required.

Some mechanical flatness measurement systems are based
on contact principles, such as those using strength or pressure
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Fig. 7. Common flatness defects of long FL-rolled products. (a) Bad leveling. (b) Wavy edges. (c) Center buckle.

transducers integrated into a deflector roll to compute flatness
based on radial force measurements [22]. Other mechanical
systems are based on noncontact principles, such as those
involving periodic excitation of the product to be measured to
compute flatness based on the movement amplitudes across the
product width [23].

More recently, noncontact techniques have been used to mea-
sure flatness of rolled products based on stereoscopic principles
using X-ray gauges [24], capacitance principles using capaci-
tive sensor arrays [25], and optical principles using structured
light [26], [27]. In this paper, we compute the flatness of steel
strips using the information about their 3-D shape computed
previously.

The flatness of a steel strip is expressed as deviation indices
between the surface of the strip and an FL horizontal surface.
In order to measure flatness, the surface of a steel strip is con-
sidered as multiple adjacent longitudinal fibers. If the lengths
of these fibers are the same, the strip is perfectly FL. Flatness
defects are generated when the working rolls of each rolling
mill stand do not apply the same pressure over the whole width
of the strip, elongating some fibers more than others.

Common flatness defects include bad leveling, wavy edges,
and center buckle. Bad leveling defects are generated when the
length of the fibers of the strip increases progressively from one
longitudinal edge to the other, as shown in Fig. 7(a). Wavy
edges are generated when the fibers closer to the edges of
the strip are longer than the fibers at the center, as shown in
Fig. 7(b). Center buckle defects are generated when the fibers
at the center are longer than the fibers at the edges of the strip,
as shown in Fig. 7(c).

The flatness of long FL-rolled products is usually expressed
quantitatively in a metric called I-units, calculated using (1),
where Lref is the length of a reference fiber and ΔLj/ΔLref

is the elongation of fiber j with regard to the reference fiber
ref . Since the relation between the lengths of the fibers is
not the same over the entire length of a steel strip, the strip
is divided into fixed longitudinal sections. For each section, a
flatness index for each fiber is calculated, generating a flatness
profile. The sections may be partially overlapped, generating
a higher density of profiles for a single strip. All flatness
profiles computed during the manufacturing of a strip can be
represented in a 2-D image, called a flatness map

I-unit =
ΔLj

Lref
105 =

Lj − Lref

Lref
105. (1)

In each longitudinal section of the strip, the system computes
the length of each fiber L based on the 3-D reconstruction of its

Fig. 8. Approximation of the length of a fiber.

surface. This computation is based on an integration technique,
approximating the length of the fiber, as shown in Fig. 8, using
(2), where Lj is the approximate length of fiber j; hj

i is the
height of fiber j in the laser plane measured in frame i; ti is the
time stamp when frame i is acquired; vi is the average of
the speed movements of the strip in the production line between
frames i and i − 1; and n is the total number of frames in the
fixed longitudinal section of the strip

Lj =
n∑

i=1

√(
hj

i − hj
i−1

)2

+ v2
i (ti − ti−1)2. (2)

The flatness provided by the shape measurement system
proposed in this paper cannot be validated using real steel strips
during manufacturing because their flatness measurements are
not accurately known a priori. Therefore, in order to evaluate
flatness measurement, a strip simulator which replicates the ver-
tical fluctuations of the surface of a strip with flatness defects is
used. The proposed 3-D shape measurement system extracts the
laser stripe projected onto the strip simulator from each frame
acquired by the camera in the same way as it was projected onto
the surface of a strip. Thereupon, the system reconstructs the
3-D surface of the strip simulator and computes a flatness
profile for each fixed longitudinal section of the emulated
strip.

Table II summarizes the results of 40 experiments replicated
30 times over an emulated strip considered to be composed of
200 fibers. The experiments are classified into four ranges: low,
medium, high, and very high flatness defects. The mean error
and the error dispersion with 90% confidence for each flatness
defect range are shown. The measurement error is within the
uncertainty interval of the magnitude of the flatness of the
emulated strip.

V. WIDTH MEASUREMENT

In the metal industry, there is a strong demand for accurate
measurements of the dimensional properties of steel strips
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TABLE II
RESULTS OF THE FLATNESS MEASUREMENTS IN

SEVERAL DEFECT RANGES

Fig. 9. Length approximation using multiple linear segments.

during manufacturing. These properties include thickness pro-
file, width, and length. Width is considered the most important
property because any deviation in width requires a large toler-
ance margin to be trimmed along the full length of the coil [28].

Many commercial products have been released in recent
years for the accurate measurement of the width of steel strips,
such as [22]. When the strip is perfectly FL, only an accurate
detection of the position of the edges of the strip is needed to
calculate the width. The difference between the two positions
provides the desired information. However, in the case of strips
with flatness defects, this method is imprecise because waves
in the shape of the strip are not taken into account. This is
particularly noticeable in very thin strips, where flatness tends
to be worse.

In this paper, we proposed an accurate method to measure
the width of steel strips using previously computed information
about their 3-D shape. When the shape of the strip across the
width is known, width measurement can take flatness defects
into account, providing a more accurate measurement for non-
FL products.

The result of the laser stripe extraction method carried out
during the 3-D surface reconstruction of the steel strip is a set
of segments which describes the shape of the strip across its
width. Given these segments, the width of the steel strip can
be calculated by adding the lengths of each of these segments.
Therefore, the width of the steel strip can be calculated by
computing the length of each individual segment, described by
a mathematical function.

The length of a segment of curve L can be approximated by
connecting a finite number of points on the curve using linear
segments to create a polygonal path, as shown in Fig. 9.

The total length of the approximation can be found by
adding the lengths of each linear segment calculated by the
Pythagorean theorem. As the length Δx of these segments
decreases, the approximation improves. Thus, the exact length
can be calculated using

L =

b∫
a

√
1 + (f ′(x))2 dx. (3)

If the integrand in (3) is called g(x) and the indefinite integral
of g(x) is called G(x), the value of L equals G(b) minus G(a).
That is to say the indefinite integral of g(x) evaluated at b minus
the indefinite integral of g(x) evaluated at a

g(x) =
√

1 + (f ′(x))2

G(x) =
∫

g(x) dx + C

L = G(b) − G(a). (4)

The laser stripe extraction method considers three types of
functions: linear, quadratic, and Akima splines. In the trivial
case, f(x) is a linear function, and L can be calculated as

L =
√

1 + a2
1(b − a). (5)

In the case of segments described by quadratic functions, the
expressions for g(x) and G(x) are shown in

g(x) =
√

1 + (a1 + 2a2x)2

G(x) =
sinh−1(a1 + 2xa2)

4a2

+
(a1 + 2xa2)

√
1 + (a1 + 2xa2)2

4a2
. (6)

A spline is a function which is built from piecewise third-
order polynomials. Akima splines are defined for each of these
pieces as follows, where x0 is the first point of the interval:

f(x) = a0 + (x − x0) (a1 + (x − x0) (a2 + a3(x − x0))) .
(7)

In this case, g(x) yields as

g(x) =
√

1+(a1+2a2(x−x0)+3a3(x − x0)2)
2. (8)

However, a serious problem arises when trying to calculate
the indefinite integral G(x). The operation is so complex that it
cannot be calculated analytically. More complex functions have
the same problem. In these cases, numerical integration (NI) is
the only option.

The Gauss–Kronrod quadrature, which is an efficient variant
of the Gaussian quadrature, is used to calculate the numerical
integral. The procedure adapts the integration routine to con-
centrate new subintervals around integrable singularities. As the
subintervals decrease in size, the successive approximations to
the integral converge.

The calculation of length using NI is much slower than
applying a single equation, as with linear or quadratic functions.
However, modern hardware is able to compute this type of NI
using an optimized implementation in less than a tenth of a
millisecond with an error lower than 1−15.

In order to test width measurement, four different methods
have been compared. Two of them consider the steel strip
to be FL, as do most commercial systems. Under this as-
sumption, two alternatives are available to approximate the
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Fig. 10. Laser stripes expressed in spatial coordinates for width measurement. (a) FL. (b) CD. (c) CU.

TABLE III
COMPARATIVE RESULTS OF WIDTH MEASUREMENT METHODS

width of the strip: approximation by a single horizontal line
and approximation by a single line (SL) which connects the
points where the two edges are located. In the SL method,
the line might not be horizontal. The other two methods are
approximation of the width using multiple lines (MLs) and NI
using the procedure described previously. With the ML method,
lines are created as the hypotenuses of right triangles lines
where Δx equals 3 mm.

The methods to measure the width of strips have been applied
to three different images, shown in the first row of Fig. 4. The
laser stripes extracted from these images using Akima spline
functions are shown in Fig. 10. The extracted laser stripes
are shown in spatial coordinates (in millimeters), on both the
horizontal and vertical axes.

The results of the experiments are shown in Table III. As
can be seen, in the FL image, where the strip is not perfectly
FL, differences between the four measurement methods are
negligible. However, when the shape of the strip across the
width is a curve, such as in CD or CU images, the differences
increase. In the case of the CD image, the differences are of
only 1 mm. However, in the CU image, differences reach nearly
5 mm. These differences are vital for many types of applica-
tions. Therefore, width measuring methods which consider the
strip to be FL will produce serious errors, depending on the
curvature of the strip across the width.

Differences between ML and NI are very low. The highest
difference occurs in the CU image, but it is only 0.003%
of the width of the strip. This indicates that the lines used
approximated the shape of the strips across the width very
accurately. Also, decreasing the value of Δx further reduces
this difference.

It is important to note that ML and NI methods can only be
applied accurately because the laser stripe extraction procedure
produces information about the segments which fit the laser
stripe, i.e., they use the 3-D surface reconstruction. Directly
applying these methods to the result of the center of mass would
produce major errors due to quantization. Also, if the segments
used to fit the laser stripe are linear or quadratic, NI is not
necessary since analytic calculations can be applied.

TABLE IV
COMPUTING TIME OF THE MAIN TASKS OF THE SHAPE

MEASUREMENT SYSTEM

VI. ONLINE SHAPE MEASUREMENT ANALYSIS

Online shape measurement requires the system to compute
the 3-D shape of the surface of the steel strips within the
deadline imposed by the image acquisition rate of the camera
of the system. Table IV shows the time consumed in the
laser stripe extraction task over several steel strips during
manufacturing with different lighting conditions of the scene.
The system uses a PC equipped with an Intel Pentium D 930
microprocessor (3.0 GHz) with 4 MiB of cache memory and
2 GiB of RAM memory. As the table shows, using this hard-
ware, the acquisition rate of the camera can be as high as 400
frames per second.

As well as computing the 3-D shape of the surface of the
strip, the system must also compute the flatness profile of a
fixed longitudinal section of the strip and the width of the strip
in each frame. The deadline for carrying out these computations
is imposed by the image acquisition rate of the camera of the
system. Table IV shows the time consumed by both the flatness
profile and the width computation task over several steel strips
during manufacturing with different lighting conditions of the
scene. Taking into account the maximum time in the laser stripe
extraction task, the acquisition rate of the camera can be as high
as 240 frames per second.

VII. CONCLUSION

High-speed 3-D shape measurement is required by the steel-
making industry to meet challenging demands for improve-
ments in the quality of rolled products. The proposed shape
measurement system takes advantage of contactless 3-D surface
reconstruction of rolled products to provide online flatness and
width measurements. The system is based on structured light
using a laser stripe cast onto the surface of the product to be
inspected, which has been found to be sufficient to accurately
compute the 3-D surface of rolled products in adverse en-
vironmental conditions. Flatness measurements are computed
comparing the elongations of several longitudinal sections of
the product. Width measurements are computed using a novel
approach which, unlike most width measurement systems, does
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no require perfect flatness of the product to be measured. The
proposed system has been installed in a conditioning line of
ArcelorMittal steel company in Asturias, Spain.
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