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MEASUREMENT AND INSPECTION

Optical measuring systems for 
plate mills
Advances in camera technology have enabled a significant enhancement of dimensional 
measurements in plate mills. Slabs and as-rolled and cut-to-size plates can now be measured 
with a very high spatial resolution while providing more detailed and pinpoint evaluations of 
the measured data. This has become possible primarily due to the use of special high-resolution 
cameras and the integration of pre-processing capabilities, without which complex algorithms 
would not be feasible. On this basis, LAP has developed its new series of Plate Check systems for 
laser-optical measurements in plate mills. Plate Check measures all relevant dimensions of the 
rolling stock before it enters the rolling mill, after the rolling mill and all the way down to final 
inspection, significantly improving the efficiency of high-grade plate production. 

In-line measurements of rolling stock macro-geometry 
allow quick and reliable assessments of the rolling 

process and immediate corrective intervention in the 
production process, if necessary. The systems are installed 
at different positions along the process chain measuring 
the specific process as required: 
`  Plate width, which also forms the basis for calculating 

the complete plate shape, including the shape of the 
head and tail

`  Plate thickness 
`  Plate flatness
`  Plate speed and length

These measurements are the basis for reliable decision 
making during rolling and levelling, for deciding whether 
a product should be ‘released or blocked’, and for 
uninterrupted documentation of all process steps.

High-precision optical measurement facilitates optimal 
material use, as it makes it possible, for example, to 
minimise the scrap from head and tail end cropping and 
side trimming and to optimise the cutting of plates from 
the mother plate. Uninterrupted dimensional measurement 
during all process stages guarantees that only product 
meeting customers’ specifications will be shipped.

Storage of the measured data allows analysis of the 
process at any time after the production process and 
hence identifies potential for further optimisation. It also 
guarantees full traceability of each process step for every 
plate produced.

MEASUREMENT PHASES
Different measurements are relevant in different phases 
of production. LAP therefore configures the systems 
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specifically for their places of use, ie, the sensor equipment 
is adapted to the measuring task in hand and the best 
layout is chosen for the prevailing operating conditions. 
The optimal system configurations for different positions 
along the production chain will now be described. Certain 
measuring devices or sensors may not be necessary for 
certain products.

Ahead of the plate mill   The optical systems measure 
the width, thickness and length of the slab ahead of the 
plate mill. As the complete macro-geometry of the stock 
is known, it will become obvious at a very early stage 
whether the planned final dimensions – width and length 
– of the plate will be achievable and whether there will 
be sufficient trimming allowances. As the systems measure 
the slabs in-line, any corrective action can be taken 
instantly; for instance, pass schedules can be optimised 
without delay, resulting in a higher yield. An example is 
shown in Figure 1.

After the plate mill Plate Check measures the width, 
thickness, length and shape of the plates immediately 
after the last forming pass, or at the hot leveller (see 
Figures 2a and 2b).

Some rolling mills also measure the flatness at this 
early stage. This has the advantage that, based on the 
measured values, the leveller can be optimally adjusted for 
each individual plate.

Some operators also use the dimensional measurements 
of a plate to optimise the mill settings before the next 
plate is going to be rolled. Additionally, the measurement 
data can be used to optimise the thickness control model 
for the mill stand.
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After the hot leveller Here, Plate Check measures the 
complete contour of the plates, ie, their width, thickness, 
length and shape and, additionally, its flatness (see Figures 
3a-c). Based on these measurements, it is possible to 
optimise the levelling process and to decide, for example, 
whether another levelling pass will be needed. Figure 3c 
shows a computer-generated layout, which also shows the 
laser beams. The measured values as illustrated in Figure 
4 also serves as the basis for the trimming and cropping 
cuts, and for downstream slitting and cutting-to-length 
processes. 

The information obtained helps to assign the individual 
plates optimally to the customer orders on hand. By 
taking into account the shape of the tail and head ends 
and any width necking, it is possible to optimally fit the 
ordered plate sizes into the as-rolled plates. This results in 
maximised use of material and minimised scrap. 

 
Final inspection after the cut-to-length shears At 
the end of the production process the length and width 
as well as the shape and the flatness of the cut-to-size 
plates are measured. These results provide the concluding 
documentation of the final dimensions and the thickness 
distribution of the produced plate. Thus, it is possible at 
any time to show that a plate was made to the customer’s 
specifications. An example is shown in Figure 5a. Figure 
5b shows a computer-generated layout, which also shows 
the laser beams.

The length values measured by the integrated Laser 
Doppler sensors can also be used to position the plates 
most precisely under the shear.

MEASUREMENT TECHNOLOGY
Width measurement Two methods are generally suitable 
for width measurements:
`  Measurement with the plate being backlit from below 

and cameras arranged above the plate
`  Measurement according to the light-section principle, 

ie, a laser line projected from above on to the plate is 
captured by matrix cameras

Both of these systems depend on high-performance 
camera technology, ie, high-resolution, intelligent line-
scan cameras (~8,200 pixels) and area cameras (~4,100 x 
3,100 pixels) specially developed for use in width gauges. 
Evaluation of the information contained in the captured 
images takes place within the cameras by means of a 
complex set of algorithms. Thus, LAP systems achieve a 
continuous measuring frequency of up to 4,000Hz, even 
with several cameras operating synchronously within the 
same system.

An example of width measurement after the cooling bed 
using a laser line is shown in Figure 6.

r Fig 2 Width, thickness, length and shape of the plates at the 
mill exit

r Fig 1 Slab thickness measurement ahead of the 
plate mill

Fig 2a

Fig 2b
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Backlighting Measuring systems based on backlighting 
have proven highly successful in numerous applications and 
are a generally accepted technique. LAP uses a light beam 
equipped with high-capacity LEDs of up to 250W/m. For 
systems installed upstream of the cooling section, blue LEDs 
are used in order to achieve a very sharp contrast on the hot 
plate surface. Cold plates are measured with white LEDs. The 
backlight unit is accommodated in a sturdy beam structure, 
specially designed to withstand the operating conditions in 
heavy-plate mills and installed under the roller table. 

The cameras are mounted within a casing arranged above 
the roller table (see Figure 7). For typical applications 
in a plate mill, LAP recommends two pairs of intelligent 
line-scan cameras in stereoscopic arrangement. With this 
configuration it is possible to capture the height of the 
strip edge above the roller table and precisely compensate 
the resulting parallax. The high measuring rate and the 
synchronously operating cameras provide reliable width 
measurements even in case of quickly changing heights, as 
may occur during vertical oscillation of the rolling stock. The 
stereoscopic arrangement also prevents the measurement 
result being influenced by the plate thickness. 

The edge position is determined by means of the 
gradient method. This is more precise than the detection 
of threshold values as it tolerates unavoidable variations in 
the optical conditions – for example, due to different plate 
temperatures. Additionally, the intelligent cameras perform 
plausibility checks, eliminating the effect of edge cracks. 
The system operates with an accuracy of +/-0.3mm. The 
width in the cold condition is calculated via the measured 
temperature of the hot plate. 

The cameras are so arranged that they cover the complete 
width of the roller table, which may be 5,000mm or more. 
The cameras may be up to 3,000mm away from the 
measured object and pass line variations of up to 400mm 
are permissible.

The cameras facilitate adjustment of the plate gauge 
to the specific conditions in the mill. For example, if the 
plates never fall short of a certain minimum width, the 
cameras can be arranged in such a way that they will not 
capture the part of the roller table that is securely covered r Fig 5 Complete geometry measurement of plates

r Fig 3 Measurement of flatness, width, thickness, length and shape after hot leveller

r Fig 4 Graphical display of the flatness 
measurements as a plate map (top) and as a graph 
with ’I’ units (bottom)

Fig 3a Fig 3b Fig 3c

Fig 5a

Fig 5b
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by plate material. Instead, the camera resolution can be 
concentrated on the edge zones. 

For applications requiring even higher precision 
measurement of width, LAP can provide systems with 
movable cameras that have a narrower field of vision and 
the capacity to capture the edge position with enhanced 
resolution. The cameras are moved along a linear axis 
independently of each other, ensuring they are positioned 
as perpendicular as possible to the plate edges. The width 
is calculated from the exact distance between the cameras 
and the measured values delivered by them. The camera 
fields of vision are defined as narrowly as possible, which 
achieves extremely high resolutions and accuracies of up 
to +/- 50µm.

The perpendicular camera position minimises the effect 
of pass line variations and makes it possible to measure the 
exact width of the plates even if the edges are rounded. 
These systems are used predominantly for measuring very 
thick plates or slabs.

Light-section method The light-section method may 
be used as an alternative to the backlight method and is 
based on a laser line projected on the plate surface. Matrix 
cameras arranged at an angle above the plate capture 
the line across the moving rolling stock and calculate the 
width from the positions where the line turns darker. A 
schematic is shown in Figure 8.

LAP uses this technique mainly in those applications in 
which other measurements,eg, flatness measurements, will 
require laser lines projected on the plate and the use of 
matrix cameras anyway.

Crop optimisation Different systems for crop optimisation 
are offered:
`  Nominal width detection: The system recognises and 

indicates the position at which a plate has reached its 
nominal width. The system ‘knows’ the nominal width, 
as the relevant values are transmitted to the gauge 
beforehand

`  Complete plate shape: The complete shape of the plate 
including the head and tail end shape (eg, fishtail) or 
width necking can be determined based on the width 
measurement. This allows the ordered plate sizes to be 
fitted optimally into the as-rolled (mother) plates.

Thickness measurement Thickness is measured 
according to the triangulation method by means of point 
lasers. The measurements take place along several tracks 
distributed over the plate width. According to experience, 
a maximum of seven tracks is sufficient to generate reliable 
and useful thickness profiles. 

Two laser triangulation sensors – one arranged above 
and one below the roller table – are in place for each 

r Fig 7 Width measurement with backlight unit

r Fig 6 Width measurement after the cooling bed by means of 
a laser line
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track. Both sensors measure their distances from the plate 
surface. The thickness is calculated from the difference of 
both measurements. 

As the sensors also relate each individual measurement 
to a position on the plate surface, the software can 
calculate the thickness distribution for the entire plate, for 
example, by generating height profiles across the width 
and the length of the plate.

The accuracy of the measurement is better than 0.1mm 
for typical heavy plate applications. As an optional feature, 
it is possible to have the thickness in the cold condition 
calculated from the measurement of the hot plate 
temperatures. 

Flatness The flatness of the plate is determined by 
measuring the height of the passing plate in several tracks 
running in the rolling direction. The system captures, 
among others, edge and centre waves, which it displays in 
the form of a colour-coded ‘plate map’. 

From the height profile, the software derives the 
elongation of the individual longitudinal segments of the 
plate, indicated as ‘I’ units – the measure of flatness. One 
‘I’ unit equals an elongation of 10µm per running metre 
of plate in the rolling direction. Also, the symmetry and 
the asymmetry flatness coefficients are derived from this 
measurement, as well as the crossbow and taper across 
the plate width. 

LAP measures the height by means of the light-section 
method: laser lines are projected on the plate surface and 
captured by matrix cameras arranged at an angle. Up to 
96 tracks per metre of plate width can be evaluated thanks 
to using line lasers instead of laser points, as was common 
practice in the past. 

As the variations in height due to the waviness of the 

r Fig 8 Width measurement using the light-section 
method

r Fig 10 Displayed graphic showing plate thickness and 
length profiles

r Fig 9 Displayed graphic showing plate contour, shape of 
the head and tail ends.
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MEASUREMENT AND INSPECTION

as plate identification data or nominal values from higher-
level systems. Additionally, all results are made available 
to other users, such as quality assurance personnel, via 
Ethernet. Examples are shown in Figures 9 and 10.

INTEGRATION INTO THE ROLLING MILL
LAP supplies its gauges generally as turnkey systems made 
to cope easily with the operating conditions in heavy plate 
mills: non-contact measurements from a safe distance, 
low space requirements and optimal protection against 
ambient influences. LAP is committed to implementing 
turnkey solutions that can be easily integrated into the 
rolling mill configuration and are characterised by low 
lifecycle costs.

LAP supplies systems for hot material (surface 
temperatures above 400°C) and for cold material (surface 
temperature below 400°C). Depending on the application, 
the gauges come with a blue laser for hot material and a 
red laser for cold material. Protection and cooling of the 
sensors depends on the situation of use. 

Systems used with hot plates feature a heat shield as an 
additional protection of the – in this case double-wall – 
housings against direct thermal radiation and are actively 
cooled within a closed cooling circuit. The primary circuit 
of the cooling system uses ambient air, avoiding the need 
to supply compressed air or cool any process water down 
to about 20°C. This solution means a significant reduction 
in operating costs and saves valuable resources.

The automatic exposure control of the cameras makes 
the measurement independent of any reflective properties 
of the plate surface. For hot plate applications, the 
cameras are equipped with optical bandpass filters that 
filter out the thermal radiation. The camera windows are 
permanently flushed with air. 

SUMMARY
LAP has developed a new generation of optical gauges 
for dimensional measurements of slabs, and as-rolled and 
cut-to-size plates, based on experience from more than 90 
gauges installed in heavy plate mills. The new Plate Check 
systems come with intelligent high-resolution cameras 
which, thanks to their integrated pre-processing capabilities, 
perform highly complex computations in real time, leading 
to measurement results of the highest precision. Now rolling 
mill operators can choose from a series of gauges that 
combine both the latest camera technology and a design 
that has proven extremely reliable under the demanding 
operating conditions in rolling mills. MS

Dr Ralph Föhr is Global Sales Manager Industry Systems, 
LAP GmbH Laser Applikationen, Lüneburg, Germany. 

CONTACT: R.Foehr@lap-laser.com

plate and the vertical movement of the plate on the 
roller table overlap, two laser lines are used in the rolling 
direction, approximately 100mm apart. This eliminates the 
effect of vertical oscillation. 

Also for flatness measurements, intelligent, high-
resolution matrix cameras are employed with integrated 
pre-processing features. Thus, it is possible to achieve the 
required high precision of the height measurement and 
provide the computation capacity needed for the extremely 
complex calculations.

Unlike systems with point sensors, the new systems 
are easily scalable to the requirements of the specific 
application. For example, in rolling mills producing narrow 
plates, the distance between the cameras can be reduced 
in order to further improve the transverse resolution.

For height measurements, the resolution is better than 
0.1mm, and the accuracy better than 0.2mm. The transverse 
spatial resolution is about 0.2mm, the accuracy 0.6mm and 
the resolution in the rolling direction 1.0mm. The elongation 
is determined with an accuracy of 0.5 ‘I’ units.

As an option, the light-section systems can be upgraded 
with an integrated width measurement function. As there 
are already laser lines on the plate surface for the flatness 
measurement, all that needs to be done is to expand the 
software with an optional module capable of calculating 
the width from the existing raw data. In this case, a 
backlight unit is not required.

The systems can also be upgraded with an optional 
software extension for camber measurements. 

Length measurement All values measured by the 
optical systems are assigned to their positions along the 
length of the plate. In cases where the equipment for the 
length signal is not provided by the mill operator, LAP will 
arrange laser Doppler sensors in the gauge housing. 

During the measurement, the plate is illuminated by laser 
light and the speed can be derived from the frequency of 
the reflected light. This method has the advantage that 
the measurement is contact-free without any risk of slip. 
Gauges of this type measure the length reliably even 
in situations in which the plate on the roller table has 
stopped or is moving backwards. 

SOFTWARE AND VISUALISATION
LAP’s Plate Check software processes the pre-processed 
raw data from the various gauge systems in dedicated 
evaluation computers and sends them to the respective 
control pulpits in a visualised form. The values are 
displayed in numerical and graphical form and, depending 
on the installed features, also as longitudinal or transverse 
profiles, or in colour-coded 3D displays, for example, if the 
feature for flatness measurements has been included.  

The software also takes over and displays process data such 
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