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Abstract.  In steel manufacturing, differences in temperature and cooling rates affect 
the microstructure and the mechanical properties of steel. One of the potential sources 
of temperature non-uniformity are reheating furnaces, in which steel slabs are 
reheated to 1200°C prior to hot rolling. In pusher furnaces slabs reside on supporting 
bars that cause locally lower temperatures.  
 In this paper we present the results on the analysis of online magnetic 
measurements (IMPOC) on real industrial data of both hot and cold rolled steel 
products, by means of which these non-uniformities can be detected. 
 The proposed chill marks detection algorithm must cope with different 
variables: in fact, chill marks can be detected at any longitudinal position of the hot 
or cold rolled coils. Their position, indeed, depends on where the slab was placed in 
the pusher furnace and on the thickness reduction applied during hot and cold rolling. 
By synchronizing these effects on hot or cold rolled coils and by tracking them back 
to the slab size and its position in the furnace, the influence of individual skids can 
be detected on the IMPOC signal. In this way, the effects of different types of skids 
can be compared, which, otherwise, would be much more difficult and time-
consuming. Another important aspect is the demonstration of the effects of the skid 
bars in the reheating furnace on the product uniformity for certain steel grades. 

1. Introduction  

Within the European RFCS project “Product Uniformity Control” [1] different online 
measurement techniques to determine techno-mechanical properties of steel strips are 
investigated. One of the aims of this project is to understand how microstructural 
inhomogeneity can be addressed during the steel production. Since the electromagnetic 
properties are sensitive to microstructural features of steel, a variety of electromagnetic 
measurement techniques are employed to characterize the material during production [2].   
 

A commonly used measurement device in steel manufacturing is the so-called 
IMPOC-system [3]. It consists of two identical measurement heads mounted face-to-face 
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with a spacing of about 50 mm. In the production line, the steel strip passes through the 
spacing where it is magnetized by high power pulsed magnetic fields every two metres of the 
strip length. The magnetized steel strip then moves in between two sensors (upper and lower 
head) which record the remaining magnetic field. The maximum of the magnetic field 
amplitude (average of upper and lower head) is stored and represents the so-called IMPOC 
value. This value corresponds to the material’s hardness, i.e. a harder steel generates higher 
IMPOC-values.  

The IMPOC technique is suitable to monitor inhomogeneities in steel manufacturing. 
As was shown in [4] the system was used in continuous annealing lines to monitor 
inhomogeneities of steels which arise from temperature deviations in the annealing section. 
The detected deviations could be used to compensate temperature fluctuations and hence to 
improve the control of the annealing process of steels. In [5] yield strength deviations of steel 
strips which arise from a transition from one cast to another in the steel works could be 
detected in finished products. This finding is used to precisely cut away the deviating parts 
of the steel strip. In comparison with the standard practice of removal of a fixed length, this 
new practice results in yield increase.  

1.1 Problem Description 

This paper addresses deviations of techno-mechanical properties which originate from the 
heating process of slabs. In the steel manufacturing process slabs are heated in a furnace prior 
to hot rolling above the recrystallization temperature of approx. 1200°C. The high 
temperature of the steel allows for plastic deformation at low forces in the roll stands. The 
slabs have dimensions of approx. 250 mm thickness, up to 2400 mm width and length of up 
to 10 m and reside on bars during the transportation of the slabs in the furnace. The heat is 
transferred by the hot oven atmosphere and heat radiation. However, the supporting bars 
(skids) in the furnace limit the heat transfer at the contact points of slab and skids. Figure 1 
(left) shows a photograph of the exit door of a slab furnace in hot rolling mill. The photograph 
at the right shows the furnace skids, which have lower temperatures in comparison to the 
furnace chamber.  
 

  
 

Figure 1. (left) Furnace door for slab reheating behind the roller conveyor, (right) opened 
furnace door which shows four cooler skids of the furnace. 

 
Therefore, temperatures there are marginally lower than at the remaining slab surface. 

This in fact may locally alter the microstructural evolution of the slab for certain steel grades. 
After the hot rolling the “thermic history” of the slab can be found in property variations in 
the hot rolled steel strip. After hot rolling the strip is coiled and then moved to a pickling line 
to remove the scale by using hydrochloric acid. In these pickling lines IMPOC devices are 
implemented to acquire information on the techno-mechanical properties of the steel strip. 
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This creates the possibility to detect skid marks in the electromagnetic measurement data. 
After the pickling further processing steps might follow which roughly include: cold rolling, 
annealing, temper rolling. The heat treatment and temper rolling is usually done in Hot Dip 
Galvanizing lines (HDG) or Continuous Annealing lines (CA), which are also equipped with 
IMPOC-systems. This in turn gives the opportunity to regard cold rolled material with respect 
to heat treatment of the slabs. 

2. The Algorithm 

2.1 Data Preparation and Pre-processing 

This paper describes an algorithm aimed at the automatic detection of possible chillmark 
traces in IMPOC signals caused by the use of pusher furnaces. The analysis is based on data 
provided by Tata Steel and thyssenkrupp Steel, and has been carried out in the Matlab 
programming environment [6]. The two datasets have similar structures and the parameters 
taken into account are the same for both of them. Data can be grouped by grade groups that 
differ in chemical composition and mechanical properties. Each grade group may be affected 
by the chillmarks effect, although with different intensities. 

Process parameters, as well as IMPOC and other measurements, are sampled 
simultaneously every 2 metres, so each coil has 200 - 500 records on average. Datasets are 
composed by the following fields: 
 

Coil ID coil identifier code 

Steel grade / group a code that characterizes the chemical composition of the steel 

Coil thickness a target value for the thickness of the strip; it is not measured as 
a function of the length, hence it is a constant for each coil 

Slab thickness thickness of the originating slab 

Strip speed ranges between ~30 and ~330 m/min 

Sampling position position of the measurement relative to the coil head 

IMPOC value measured value of the IMPOC signal 

HR_passes number of recoiling steps after the Hot Rolling Mill 

Furnace ID identifier of the furnace where the slab has been heated 

 
Some pre-processing steps are necessary to cleanse data and to transform their 

structure in order to be further processed. The importance of data pre-processing for this kind 
of applications has been already highlighted in [7], although for a different analytical 
technique. 

In order to remove the outliers in the IMPOC signal, a symmetrical threshold around 
the mean value of the IMPOC signal is set, as defined by the equation below: 
 建ℎ = ���牒潮� ± 5���牒潮�   
 

Values above the upper threshold or below the bottom threshold are considered 
outliers and thus discarded. Moreover, a fixed number of sampled values are discarded from 
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the head and the tail because the IMPOC signal may be affected by the presence of weldings 
between consecutive coils that are processed in continuous lines. 

Since chillmarks are introduced in pusher furnaces, which are positioned before the 
Hot Rolling Mill (HRM), while IMPOC datasets are recorded after this process, coil lengths 
need to be transformed back to the slab length, using the following equation: 

 �鎚鎮銚長 = �頂墜�鎮 ∙ 建頂墜�鎮 建鎚鎮銚長⁄  
 
where lslab is the slab length, lcoil is the length of the hot-rolled coil, tcoil is the thickness of the 
hot-rolled coil and tslab is the originating slab thickness. 

Finally, the number of recoiling steps after the HRM must be considered, in order to 
take into account possible head-tail flips.  

2.2 Chillmarks finding algorithm 

From the raw IMPOC signal, two new different smoothed versions of the signal are 
generated; these two signals have distinct grades of smoothing, one higher than the other. 
Figure 2 shows an example of an IMPOC signal (in black), while the blue signal is the first 
and less intense smoothing (IMPOCls), and the red signal is the second and more intense 
smoothing (IMPOChs). This algorithm aims at finding peaks in the IMPOC signal related to 
skids of the pusher furnace. In other words, interpreting the signal as a function, the algorithm 
is seeking for local maxima of this function.  

Matlab provides a peak finding algorithm called findpeaks. It finds all local maxima 
of a signal given as input. Findpeaks allows specifying several settings, such as the minimum 
distance between local maxima. This algorithm is applied to the less smoothed signal that is 
meant to eliminate some of the noise of the original data. 

However, this algorithm alone is not suited to our goal, as even the smoothed IMPOC 
signal still contains several local maxima, which are not relevant for our analysis. This 
situation is evident from Figure 2, where both the original and the smoothed IMPOC signals 
contain several maxima, most of them being not relevant for chillmarks analysis. This 
phenomenon is due to the high frequency fluctuations in the raw IMPOC signal. This problem 
is tackled by adding more constraints in the findpeaks search procedure, in order to discard 
maxima that are not relevant. 

Two thresholds are defined to distinguish true-positive from false-positive peaks. To 
define the first threshold, t1, the original IMPOC signal median and its median absolute 
deviation (MAD) are calculated. The threshold t1 is a constant value defined as a linear 
combination of the two calculated values: 

 建怠 = median + MAD ∙ な.8 
 

On the other hand, t2 is a function of the highly smoothed IMPOC signal, IMPOChs, 
increased by 1.5%.  建態 =  ��鶏頚�ℎ鎚 ∙ な.どな5 

 
Thus, if a peak is greater than both t1 and t2 then it is identified as a chillmark.  

Figure 2 depicts the situation. Note that the original black signal shows strong high-
frequency variations. Even the smoothed signals retain some of these fluctuations. The 
threshold t1 is the central horizontal dotted line.  
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The triangles represents local maxima of IMPOCls, the less intensely smoothed 
function: the green triangles are not above the threshold t1 or t2, so they are discarded, while 
red triangles are above both thresholds and thus identified as chillmarks.  

2.3 Alignment of chillmarks with furnace skids 

Since the position of the slab in the pusher furnace is not recorded, the actual positions of 
chillmarks in the coil are unknown. Thus, for each coil the effects of chillmarks could be 
placed in different length positions of the IMPOC signal, so the implementation of an 
automatic alignment procedure among chillmarks of different coils is necessary. 
 

 
Figure 2. Original IMPOC signal (black), smoothed signal (blue),  

highly smoothed (red), peaks (triangles) 
 

Tata Steel has both pusher-type and walking beam furnaces. Only the pusher furnaces 
cause chillmarks effects. The furnaces can be distinguished by their Furnace ID. The skid 
bar layout of all the pusher furnaces is the same, having six different skids positioned as 
displayed by the vertical bars in Fig. 5. 

A reference signal is defined that represents the position of the skids in the furnace. 
It is zero except for the regions where skids are located, where Gaussians with a width equal 
to the skids width are centered (see top plot in Fig.3.). 

In order to determine the correct offset of the slab in the furnace, it is necessary to 
calculate the maximum offset the slab could have within the furnace itself, which depends 
on the slab length (lslab) and the furnace total width (lfurnace), equal to approximately 12 metres. 
This can be evaluated as: 

 頚血血嫌結建陳銚� = �捗�追津銚頂勅 − �鎚鎮銚長 
 
Subsequently, another signal is created placing gaussians where chillmarks have been 
identified by the chillmarks finding algorithm. 
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Figure 3. Alignment of skids reference signal with chillmarks signal 
 

The cross correlation between the reference signal and the signal with the identified 
peaks is calculated with a maximum lag equal to offsetmax. It returns, for each offset, the 
corresponding correlation coefficient. The maximum correlation coefficient corresponds to 
the most likely offset the slab had in the furnace.  The two figures depicted below show how 
the alignment works taking into account the whole set of coils stored in the Tata Steel dataset.   

 

3. Results 

Two distinct datasets, one provided by Tata Steel and one by thyssenkrupp, were tested. In 
the dataset from Tata Steel, IMPOC data have been obtained in the pickling line, on hot-
rolled steel strip. On the other side, the IMPOC values in the thyssenkrupp dataset are 

 
Figure 4. Unsynchronized IMPOC signal 

from Grade A coils from Tata Steel 

 
Figure 5. Synchronized IMPOC signal 

from Grade A coils from Tata Steel 
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sampled at the end of the Continuous Annealing (CA) line and at the end of the Hot Dip 
Galvanizing (HDG) line, i.e. on finished products.  

Figures 4 and 5 show the same group of coils with a selected steel grade from Tata 
Steel datasets, which were heated in a pusher furnace. Figure 6 shows, instead, IMPOC 
measurements sampled on coils of the same Grade A, but processed in a walking beam type 
of furnace. In these signals, no chillmarks can be recognized. Thus, the comparison of these 
two figures highlights how chillmarks are introduced during the heating of the slabs in the 
pusher furnaces. Moreover, different steel grades also behave in different ways and probably 
chillmarks can be attenuated, or even cancelled, by forthcoming processing steps. 

As an example, let us consider Figure 7 and 8 where IMPOC signals are shown of 
two different groups of steel grades – Interstitial Free (IF) and Dual Phase (DP) coils – 
processed at the thyssenkrupp plant and sampled at the end of the CA line and the HDG line, 
respectively. Both coils sets were processed in pusher furnaces. 
 

 
Figure 6. IMPOC signal of Grade A coils processed in a walking beam furnace at Tata 

Steel 
 

 
Figure 7. IMPOC signals for IF coils 
sampled at the end of CA process at 

thyssenkrupp 

 
Figure 8. IMPOC signals for DP coils 
sampled at the end of HDG process at 

thyssenkrupp 
 

In these sets of signals, no traces from chillmarks could be detected by the algorithm. 
The reasons could be various and range from a different and closer spacing of skids in 
thyssenkrupp furnaces (indicated by the vertical red bars in figures 7 and 8) to the possibility 
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that downstream processes could erase the chillmarks. Thus, a further investigation is 
required to better assess these effects. 

4. Conclusions 

In this paper an algorithm for the automatic identification of chillmarks on IMPOC signals 
has been proposed. Moreover, a procedure has been provided that synchronizes chillmarks 
to actual skid positions in the pusher furnaces. Chillmarks have been successfully identified 
and aligned in signals sampled on hot-rolled coils of certain grades, whereas they could not 
be detected on signals coming from IMPOC measurements obtained at the end of CA and 
HDG lines. A further investigation is instead required in order to deeper analyse the 
dependency of the occurrence of these effects on steel grades, and thus on different 
microstructures, and on skids configuration in pusher furnaces. Besides, the possibility that 
chillmarks could be erased by downstream processes should be investigated as well. 
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