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1. Introduction 
 
The objective of WP4 is the development and adaptation of innovative sensing technologies to 
improve the performance and the flexibility of the industrial plants in a use case-based scenario 
and their integration to the general HyperCOG architecture along with adaptation of necessary 
software parts and laboratory validation of the expected behaviour of the adapted systems based 
on the algorithms and optimization strategies developed in WP3. 
For this purpose, two different subtasks have been defined: 

 

 Intelligent ladle monitoring system: The aim of HyperCOG in this subtask is to develop an 
intelligent ladle management system to monitor the status and location of each ladle in 
real time. Thermal imaging cameras strategically installed in fixed positions will be 
employed to measure temperatures of the whole ladle surface providing detailed 
information of the health of the ladle. Two main results will be obtained with this ladle 
sensorization: The information captured by the cameras will be continuously processed 
and the obtained information based on the captured temperature distributions will be 
very valuable to improve the criterion for re-lining the ladles. Having the cameras at 
different positions will allow for an automatic tracking of the ladles, avoiding errors. 
 

 Industrial synergy and traceability: ladle furnace slag characterization: this task introduces 
a blockchain architecture to transmit certified information along the value chain between 
industry. Ladle furnace slag is a by-product of the steel industry and a raw material for 
cement industry. Using this transaction of materials between industries as an example, 
the measurements on slag taken at the steel plant will be certified for the use in the 
cement case. 
 
 

This document focuses on reporting the detailed specifications of the steel use-case digitalization, 
describing the strategies followed to obtain the expected results. 



 

D4.1: Specification of the new sensor systems: Steel case 

Public 

5 

2. Intelligent ladle monitoring system 
The steel production process is precisely described in (D5.1, 2020). The process consists of five 
main stages: 
 

 Raw Material. This is the starting point in the steel manufacturing process. The raw 
material consists of scraps, alloys, and any other materials that are used in the subsequent 
steps. 

 Furnace. Second stage where the raw material is melted using an electric arc furnace. The 
melted steel is poured into a container called ladle. The size of the ladle determines the 
main unit in steel making, called the heat (around 130 tons). 

 Secondary Metallurgy. The third step in the process, it starts after the steel is melted and 
is ready in the ladle. It is a set of steps that includes degassing the heat, and preparing the 
heat at a specific desired chemical composition, defining the steel grade. 

 Casting. It is the process where the obtained steel is solidified in the casting machine. Each 
chosen semi product has its own form. The ladle is moved to the continuous casting 
machine. The ladle is opened at the bottom allowing molten steel to be poured into a 
vessel called tundish. The tundish pours the liquid steel to open moulds, where the steel 
solidification takes place. 

 Semi Product. The last step in the steel manufacturing process is the cutting of the 
solidified steel from the continuous casting machines into desired lengths (around 10m) 

In the deliverable in (D5.1, 2020), further details and pictures of the ladles, steel machines, and 
diagrams are shown. The mentioned data are confidential and cannot be presented in this 
deliverable document. 

 

2.1. Monitoring of the thermal state  

 Context description  

A ladle is a refractory material lined steel vessel employed to move liquid steel between different 
process stations along the factory. A number of ladles filled of molten steel, moving through the 
electric arc furnace (EAF), the ladle furnace (LF) and the continuous casting (CC) machine 
composes the total ladle fleet. At the last process unit, the ladle is emptied and transported to 
the ladle maintenance station and the preheating station areas. Coordinating the position and 
movements of the different ladles efficiently is necessary in order to minimize heat loses of 
molten steel and for optimum supply. The working lifetime of the steel ladle depends on the rate 
of wear of the refractory lining. In every heat, the ladle suffers wear from thermomechanical, 
thermochemical and purely thermal processes in the liquid steel processing, filling and emptying. 
If not re-lined in time, a ladle breakout can occur with a potential risk of personnel injuries, as well 
as high economic impact. On the other hand, if ladles are retired prematurely the cost of the 
refractory is incremented and impacts in the overall production cost. Currently, ladle lifetime is 
decided by experienced personnel based on visual observation; most ladles are removed from the 
steelmaking process for cold maintenance before reaching their maximum possible lifetime in 
order to avoid accidents. In the market there are commercial laser measuring systems, which are 
mostly used for checking mayor refractory cracks, but lack precision for checking the remaining 
refractory layer.  
At the same time, the age and state of the ladle could be a valuable input for heat scheduling as 
the worn ladle has more steel capacity but is less appropriate for clean steels.  
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By using thermal cameras, the thermal state of the surface of the ladles can be monitored. This 
means that any issue regarding the refractory wearing that leads to changes in the temperature 
field along the ladle can be detected. Not only hotspots that arise when the risk of breakout is too 
close, but also the evolution of the temperature or gradients along different profiles that can help 
to establish the future behaviour of the ladle during the next cycles. At the same time, different 
parts of the ladle suffer a different evolution regarding both, thermal history and wear status, 
outputting a complex thermal scenario. This monitoring is not only a detection system but also an 
evaluation of the actual and future state of the ladle. 
 

Regarding thermal cameras, there are two main types based on their detector: 
 

 Non quantum detectors (microbolometer Focal Plane Array) 

Microbolometer FPAs can be created from metallic or semiconductor materials, and operate 
according to non-quantum principles. This means that they respond to radiant energy in a 
way that causes a change of state in the bulk material (i.e., the bolometer effect). Generally, 
microbolometers do not require cooling, which allows compact camera designs that are 
relatively low in cost. Other characteristics of microbolometers are: 

- Relatively low sensitivity (detectability) 
- Broad (flat) response curve 
- Slow response time (time constant ~12ms) 

 

 Quantum detectors (based on photoelectric effect) 

For more demanding applications, quantum detectors are used, which operate on the basis 
of an intrinsic photoelectric effect. These materials respond to infrared rays (IR) by absorbing 
photons that elevate the material’s electrons to a higher energy state, causing a change in 
conductivity, voltage, or current. By cooling these detectors to cryogenic temperatures, they 
can be very sensitive to the IR that is focused on them. They also react very quickly to changes 
in IR levels (i.e., temperatures), having a constant response time on the order of 1μs. 
Therefore, a camera with this type of detector is very useful in recording transient thermal 
events. 
 

Usually, for processes that do not imply high rates of cooling or heating, microbolometer cameras 
offer a good relation between performance and costs. Therefore, in the case of the ladles, this 
type of detector has been selected.  
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 Current monitoring system 

During the first months of the Project, Sidenor has used a LAND ARC 8-60-500-LF thermal camera 
to acquire thermal images to analyze the state of the refractory. This camera has been located in 
the ladle cleaning station, which has allowed its monitoring during the cooling processes between 
work cycles. In this case, the thermal images have been processed by Lortek as shown in Figure 1:  
 

 

 Thermal images acquisition:  

By placing the camera in a strategic location, Sidenor has been able to provide thermal images of 
the ladles at different times within the cleaning station. Initially, the camera recorded images 
every 15 seconds in order to have a constant monitoring of the station. Subsequently, this process 
has been optimized, recording only the images in which the mean temperature value is above a 
value that will ensure that there is a ladle in the image, reducing the amount of unnecessary 
information. 
 

 Pre-processing: 

 
Once the images are obtained, it is necessary to carry out a pre-processing to eliminate the areas 
that are not of interest for the analysis, such as the background, ladles at the back of the image 
or defective pixels. To do this, several steps have been taken: 
 

- First, by applying Otsu’s thresholding, objects that are in the front of the image are 
highlighted. 

- Followed, from the selected objects, the algorithm detects the largest continuous area, 
corresponding to the ladle. 

- Once this area is obtained, a mask of this area in the original thermal image is used to cut 
out the ladle and isolate it from the rest of the image. 

 
 
 
 

Figure 1. Current thermal monitoring process 



 

D4.1: Specification of the new sensor systems: Steel case 

Public 

8 

 Thermal analysis: 

Once the ladle has been isolated in the thermal image, different characteristics of interest have 
been extracted to define its state. The main ones are the following: 
 

- Hot spots according to the analysis area: The ladle can be divided into different zones 
based on height, since not all zones suffer in the same way. Therefore, it is interesting to 
obtain the relative hot spots in each of them. This data are not determined individually, 
but its evolution throughout the cycles determines which areas of the ladle suffer 
undesired temperature increases.  

- Temperature above the limit: Once the usual behaviour of a ladle is known within its 
useful life, it is possible to establish temperature limits depending on the area that allow 
detecting if the ladle is working outside of the usual behaviour. Thus, a possible premature 
deterioration of the refractory lining can be anticipated. 

- Temperature profiles: As with hot spots, analysis profiles can be determined along 
different zones of the ladle. Not only is the measurement of specific points of interest, 
but it is also vital to know the temperature differences at different heights of the ladle 
and their evolution over time.  

- Temperatures and deviations in risk areas of the ladle: As mentioned before, not all 
areas of the refractory lining suffer in the same way or support an equally intense 
degradation. That is why there are areas that need to be controlled more thoroughly. For 
this purpose, regions of interest are created in which extra parameters are calculated, 
such as mean temperatures, deviations or profiles in different directions that allow them 
to be monitored more intensively. 

 

 Data analysis:  

Extracting the thermal information from the different ladle cycles is a necessary process for 
monitoring. However, in order to offer a complete solution, it is necessary to relate these data to 
the cycle data for each one. Sidenor, for each of the ladles it is working with, saves a file in which 
it records different operating parameters, such as: 

 
o Datetime of capturing this row 
o ID number of the ladle used in the heat  
o Ladle status  
o Heat ID Number 
o Heat ID Number from the previous heat 
o Uses of the ladle 
o Time of use of the ladle (if >10000 strats again) 
o Time for the ladle filling from EAF or any other filling 
o Ladle emptying time from Casting process 
o Time from burners heating finishing 
o ….. 

 
Thanks to all this information on the ladle cycle collected by Sidenor, it has been possible to 
establish patterns and relationships between the thermal behavior of the refractory lining and its 
useful life. At the time of writing this document, the number of thermal images that have been 
collected are not high enough to draw conclusions. However, as an example, several graphs are 
shown in which relationships have been established between the maximum temperatures of the 
spoons and different parameters extracted by Sidenor. 
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In Figure 2, the relationship between the temperature values of the ladle surface and the time 
elapsed since the ladle has been filled and the capture time for different numbers of casts is 
shown. 

 

 

 

 

 

In Figure 3, shows a summary of the maximum temperatures in the images acquired for several 
ladles along the different numbered casts: 

Figure 2. Max temperature VS time since filling up 

Figure 3. Maximum temperature per thermal image for different ladles 
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As can be seen in Figure 2 and Figure 3, the dispersion of the data are quite large, mainly due to 
the lack of homogeneity in the capture of the images. The ladles are not always located in the 
same position in the image. In addition to this, they can be rotated or inclined in the images, so 
the measurement areas are not constant, generating noise in the data collection that leads to an 
uncertain analysis. For these reasons, a study has been carried out to improve the set up used for 
thermal captures. 

 Optimization of the thermal monitoring system 

 

Due to the interest of developing a complete monitoring system, it is vital to have well 
synchronized information on certain parameters of the ladle cycle and the thermal evolution of 
the refractory surface. That is why, during the last months, an optimization of both the taking of 
images and their analysis has been carried out. 
 
After discussing the situation with Sidenor, it has been concluded that the system could be 
optimized in several aspects: 
 
Increasing the number of thermal cameras 
 
Sidenor is going to make an investment to increase the number of thermal cameras that collect 
data, with the aim of having a greater capacity to detect anomalies at different points in the 
process and to increase the capacity to monitor the ladles at a point of interest in the cycle. In this 
way, having the ladle monitored from various angles, the information collected will be more 
complete and will allow a more detailed diagnosis of it. 
 
Change of the measuring zone 
 
Due to various problems related to measuring in the cleaning station (the ladles have been empty 
for some time, so the maximum temperature is not measured), a new measuring point has been 
defined in which it is considered that the quality of the information obtained will be increased. 
The thermal cameras will be located at the ladle “entering” position. In the Basauri ladle 
metallurgy plant, the ladle is introduced in a car that moves it along the different positions as 
Ladle Furnace (LF) or Vacuum Degassing (VD). The “entering” position is the position where the 
ladle is introduced in the car at the beginning of the secondary metallurgy and removed when it 
is finished. This position allows measuring the surface temperature at the end of secondary 
metallurgy when the highest temperature is expected  
 
The improvement obtained, thanks to the positioning of the cameras in this station is expected to 
be multiple:  possibility of always having the ladle in the same position to simplify processing, ease 
of relating thermal information with information on the cycle of the ladle, etc. 
 
This optimized system will allow, in addition to having timely information updated in each cycle, 
to generate a history of the thermal information of each of the ladles throughout the life of the 
refractory. In this way, the objective is to foresee the optimum moment for repairing and changing 
the refractory lining, since the experience acquired by the system will allow operators to discern 
if the behaviour of a ladle is deviating from the optimum. For this, several criteria are established 
that will be expanded based on the information collected by this new system. Among them, the 
following stand out: 
 
 



 

D4.1: Specification of the new sensor systems: Steel case 

Public 

11 

- Hot spots with temperatures higher than admissible 
- Definition of data extraction areas, depending on the location in the ladle. 
- Maximum, average, minimum temperature values and deviations in the defined areas 
- Optimized temperature profiles in the new settings 
- Evolution of temperatures in key areas of the ladle 
- Individualization of the analysis depending on the area of the ladle, since it does not suffer 

wear     in the same way in all the geometry 
- Learning capacity and optimization of criteria with the increase of the acquired data 
- Synchronization of thermal information with the parameters extracted during the process 
- Optimization of different times of the process, as waiting times in cleaning station, cooling 

times, etc. 
- Optimization in the selection of the next ladle to use 
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2.2. Ladle tracking  

 Context description 

Through the briefly described process, the ladles are the containers that can move molten steel 
from one station to the other in the steel plant. The ladles are filled in the electric arc furnaces 
with molted steel. They move it to the continuous casting machine. Afterwards, the ladles need 
to be prepared for the next heat, and sometimes they need to be maintained before they are 
filled with molten steel again. Ladle maintenance can include cleaning, and relining the inner part 
of the ladle, where the molten steel resides. In addition, to reuse the ladle after maintenance, it 
is necessary to heat it. The ladle goes into the heating stage, where it enters a big furnace, and 
has to stay inside for a certain time to reach the desired temperature. 
 
At different steel manufacturing stages, all ladles need to be tracked. In other words, the location 
of each ladle has to be known. In general, ladles have cylindrical shape. They are identified by a 
number written on their body. The digits representing the ladle number are constructed from 
steel pieces and these digits are welded to the ladle’s body at one location. The workers keep 
track of which ladle is used at each stage. Improved ladle tracking can help with heat sequencing, 
where each ladle’s location is known. Besides, the duration spent by each ladle at each station 
can be computed more preciselly if the location of the ladles is known.  
 
In the project, visual tracking of the ladles is required. The proposed method is to identify the 
ladle using its identification number that is welded on it. This means that the digit on the ladle 
needs to be detected and recognized. The identification of ladle numbers is a challenge due to 
several reasons. The harsh environment in the steel plant is very challenging in case of using color 
or grey scale cameras due to dust and heat. Besides, the big size of the steel factory can make it 
hard to have enough visible information that can be used to identify the ladle. Another challenge 
is the low contrast between the ladle’s digit and the ladle’s body, as both are made of steel, and 
sometimes the edge of the digit can be difficult to identify. Thus, the viewpoint of the tracking 
cameras is crucial since it affects the quality of the tracking. Moreover, the placement of tracking 
cameras at the steel plant can be challenging due to the privacy of the plant workers. 

Anyway, the integration of a tracking system like this in this production is not easy.  First, having 
enough cameras to assess the position of all the ladles at any time is difficult and the analysis is 
not easy. Even more, as there is already a tracking from most of the interesting part the additional 
effort would be difficult to do. If the main idea is not feasible, a reasonable output could be a 
visualization of the data Sidenor already has combining it with additional data deduced for the 
tables collected.  

 

 Current tracking method 

As described before, the steel manufacturing consists of different stages, and ladles are the main 
containers that move the molten steel from the furnace to the second metallurgy and the casting 
stages. The ladles are regularly moved to the cleaning area after a specific amount of heats for 
maintenance. At the second metallurgy stage, the ladles are completely tracked. However, at 
other stages and stations, the tracking is lost. The tracking is done by the workers at the steel 
factory. They keep track of each ladle manually at the steel plant. It is of good help if the ladles 
are automatically tracked. At the moment, no automatic vision-based methods are employed at 
the steel plant for tracking the ladles. 
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 New sensor system specifications 

Main requirements 

Based on the regular meetings between the partners, it was identified that the tracking of the 
ladles would be enough to know in which station the ladle is at any moment. The tracking 
requirement can be achieved by installing tracking cameras at the entry and exit points of the 
stations. The tracking system should be able to identify the ladle while entering or existing the 
station. In between, the time spent by each ladle should be computed and reported. The duration 
spent by the ladle at each station can be an important input to the heat-sequencing optimization 
problem.  
 

Technical architecture 

By the start of WP5 – Data Collection, the partners discussed thoroughly the ladle-tracking 
problem. Based on the technical discussion, the system architecture has been introduced, as 
shown in Figure 4. The proposed architecture consists in three main parts, sensing, data 
aggregation, and machine learning parts. The sensing part represents the physical cameras at the 
steel plant installed at entry and exit points at different stations. The images are collected and 
then are pre-processed. The data are then collected, stored and annotated with timestamps and 
ladles are labeled. However, the real data collected so far was not sufficient to train deep learning 
based methods, thus image synthesis is employed to generate data for training. The synthetic 
data generation uses thermal images and augment them with different digits. The data are later 
to be used in training and building machine learning-based models that can recognize the digit in 
the image, and then recognize it. 
 

Figure 4. Proposed technical architecture 
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Physical infrastructure 

After presenting the technical architecture of the new sensor system, it is important to identify 
the physical cameras that are required to fulfill the task. As shown in Figure 4, the data sensing 
part includes thermal and colour cameras. The thermal camera exists already at the maintenance 
area, and data were acquired using the thermal camera at the plant for initial assessment. The 
thermal cameras have some pros and cons related to the visual tracking of the ladles. The thermal 
cameras have low resolution. Thus, they are not suitable for tracking ladles that are far away from 
the camera. On the other hand, the digit appears with high contrast in the thermal image since 
the heat at the surface of the digit is less that the heat at the surface of the ladle’s body. This is 
due to the thickness/depth of the material from the surface of the digit or ladle to the inner part 
of the ladle. Thus, the digits can be better identified in thermal images compared to color images. 
 
The RGB cameras can have relatively higher resolutions when compared to the thermal cameras. 
Consequently, ladles could be better identified in case they are far away from the camera. 
However, the challenges in identifying the digits in RGB images are high due to the harsh 
environment and the low contrast between the ladle’s body and the digit on it, as both are from 
steel. These challenges could be overcome with advanced image processing techniques. However, 
data are critical for developing and testing different algorithms and methods. Due to the COVID-
19 pandemic, visiting the steel plant was not possible. 
 
The partners and SIDENOR are investigating the possibility of installing new RGB cameras at the 
plant. In general, the ladles need to be identified at the entry and exit points at different stations. 
Installing thermal cameras at all locations where tracking is required could be not feasible. 
However, RGB cameras could be a feasible solution. As mentioned before, the viewpoint of the 
camera is crucial to the tracking process. The ladles move and rotate, and the digits are written 
on the ladle at one point. Consequently, it is important to choose the location where the cameras 
will be installed, as it is critical to ensure that the digits are visible in the camera frame. Multiple 
cameras can be employed to solve the visibility challenge. 
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3. Industrial synergy and traceability: Ladle furnace 
slag characterization  

3.1. General process overview 
The steel production process at Sidenor steelmaking plant in Basauri is described in (D5.1, 2020). 
The Secondary Metallurgy process of the steel production consists in the addition of several 
chemical elements in order to obtain the desired composition of the steel, defined as steel grade. 
The process is held in the ladle furnace and the amount of steel that fits in it is a main unit in the 
steelmaking plant and is known as heat.  

To eliminate impurities and to get the desired steel grade, the steel in the ladle is covered with a 
reducing slag in this second refining phase and is continuously stirred by blowing inert gas to 
homogenize the liquid steel. A foam forms on the surface of the steel, which once cooled, is called 
white slag. 

Once one heat has finished and the steel is tapped to the tundish, the slag is tapped to a slag pot 
or cone with a capacity up to three heats. When the cone is full, slag is carried to an internal 
landfill in the steelmaking plant, where all slags get mixed.  

Nowadays, all slags go to the same place and it is not possible to know which of the heats 
produced them. Usually, the slags are sent for disposal to external landfills. There is also no real 
market for the slags, although they could be used as raw material for other process like in the case 
of cement production.  

To test the blockchain architecture, a proof of concept of a general market has been defined. 
Figure 5 shows the actors and concepts related to the steel use case. 

 

Figure 5. Blockchain architecture: proof of concept 
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To showcase the use case, three different stocks have been defined to store slag batches of 
different qualities. The quality is defined by its CaO composition. The first stock stores slag batches 
with 40 to 50% CaO, the second one from 50 to 60% and the third one with more than 60% of 
CaO. 

 

The specification will be divided in two parts: the first one describes the subsystem in charge of 
estimating the slag composition and the second one details the blockchain solution which eases 
the exchange of the slag-related information between the actors described above. The latter can 
be easily adapted to be used for the case of contaminants, controlled substances, etc. 

3.2.  Slag Characterization 

 Context description 

During the secondary metallurgy of the steel making process, slag is extracted from the ladle 
furnace in order to evaluate its characteristics. It is a manual operation in which the sample is 
collected by the operator with a pole that is introduced in the ladle and when it is taken out, the 
slag remains stuck to it. The operator visually checks its fluidness, color, etc. and makes decisions 
about the components to add to improve the steel and get the required steel grade.  

Certain samples are sent to the laboratory and, after its preparation, the slag composition is 
obtained (by XRF method). 

A quick estimation of the slag’s composition during the secondary metallurgy would assist 
operators in their decisions. The slag composition could be used to send the slag to a specific place 
in the internal store/landfill site. 

 Current measurement process 

As has been explained earlier, there is no online sensor to get the composition information. The 
operator makes the visual test as many times as he needs in each heat. One sample is sent to the 
laboratory to archive its composition. The operator takes some slag stuck on the pole and, after 
it has cooled, puts it in a plastic bag, and sends to the laboratory.   

 

Figure 6. Slag sample before being sent to the laboratory 
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The samples are then prepared in the laboratory and introduced to the XRF analyzer to obtain the 
composition. 

 

The composition measured by the XRF machine gets stored in the laboratory storage system. The 
slag composition changes during the secondary metallurgy. It is used to eliminate impurities and 
depending on the deoxidation products and reaction with steel, the slag characteristics also 
varies. If several samples are analyzed for a single heat, logically the one that best represent the 
final slag is the last one.  

Once the heat has finished the slag is tapped from the ladle to a cone or pot. There is no weight 
measurement of the amount of slag produced in each heat, but can be estimated to a medium 
value of 2.5 or 3 t. As has been explained earlier, only three heats can be tapped into the cone, 
and when it is full, the mixed slag is transported to the internal place reserved for it and the cone 
is emptied.  

 New sensor system specification 

Main requirements 

The current system that calculates the composition of the slag is a laboratory equipment. The 
measurements require the samples to be prepared. The measurements have high precision but 
takes time to get the results. The equipment must be used by an expert. The main aim of the new 
sensor is to obtain an estimation of the slag’s composition at the production line, in a short period 
of time and in an easy way. 

With the information provided by this proposed sensor, several improvements could be done in 
the steelmaking process: 

 By knowing the final composition of the slag before moving it to the internal landfill, it is 
possible to send it to specific sites where slags with similar composition are stored for its 
later use. It is not realistic to have a specific cell for the slag of each heat but, in the context 

Figure 7. Several slag samples grinded for the use in laboratory system. They need additional preparation 

before they can be used. 

Figure 8. Excel file with Heat ID, Steel Grade, Comment and Composition 
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of the traceability with blockchain proof of concept, three different internal places are 
defined depending on the composition. 

 The sensor can be used several times during the same heat, helping operators in their 
decision and supervision tasks. If the evaluation is done on a regular period, the variation 
of the composition could be studied, thus enabling the acquisition of new knowledge 
about the slag evolution during a heat.  

The way slag samples are gathered from the ladle remains the same: the operator introduces the 
pole in the interior of the ladle, the slag in liquid state gets stuck on it, is then taken out and 
allowed to cool. When the slag is cold enough, the operator hits the slag on the pole with a 
hammer and collects the solid slag pieces. This process is usually done after most ferroalloy 
additions have been added and when the slag is well mixed in the furnace. 

Functional architecture 

In the next paragraphs, a functional specification of the slag characterization system is described.  

It will be composed of an acquisition system to deposit the slags and gather its information, and 
a computer in which the artificial intelligence algorithms will be executed yielding an estimation 
of the slag composition as result. Figure 9 shows a conceptual design of the system. The actual 
physical system will be enclosed in order to keep the acquisition system as isolated from the dust 
and external environment as possible. The main element of the system is a hyperspectral camera 
that will obtain the spectral information of the slags.  

 

 

At the bottom part, there is a linear axis that moves the tray containing the slag. For loading 
operation, the box will be outside, and the operator will deposit some pieces of slag on it. Once 
finished, the box will move to the interior part of the acquisition system and will pass under the 
hyperspectral camera where a software will collect the information. 

Figure 9. Conceptual design of the slag characterization system 
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User will be assisted by an interface to help him during all the process. Figure 10 shows a proposed 
user interface that will be running in the connected computer. Once the pieces of slag are in the 
box, the capture process starts by pressing the Start Button. A new window will appear, and the 
operator enters the heat number and the steel grade. At that moment, the box starts the 
movement and a hyperspectral image is created containing the densely sampled spectral 
information of the slags. 

 

Once the capture is finished, the prediction of the slag composition will be made, using a 
previously trained artificial intelligence model, and the result will be shown to the user in the 
interface. The system will keep a record of all the captures made and the associated additional 
information, all marked with their corresponding timestamp.  

The main components to be estimated are: CaO, SiO2 and Al2O3 and their typical ranges are 
(these values have been calculated from real data obtained during the task development): 

 CaO: 43.87 - 66.21 % 

 SiO2: 6.99 – 30.53 % 

 Al2O3: 3.16 - 20.38 %  

If needed, averages of all slag compositions per day, or by groups of three heats, will be calculated. 
As there is no weight information, an arithmetic average will be used. In this process, only the last 
register for a unique heat will be used. 

In order to complete the blockchain proof of concept, once the cone used to store the slags of 
three heats is full, the average lime content portion will be calculated and assigned to one of the 
groups defined earlier and carried to the specific site at the internal site. 

For the prediction, a Deep Learning model previously trained with slag samples will be used. In 
order to conduct the training process, physical slag samples and their real composition (as 
obtained by offline analysis methods as XRF) are needed, so that, once deployed and during the 
normal operation of the system, it can estimate the composition. 

Figure 10. Proposed User Interface (main windows) of the slag characterization system 
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Technical architecture 

Hyperspectral imaging has been previously used as the acquisition technology for a similar task 
(Picon, Vicente, Rodriguez-Vaamonde, Armentia, Arteche & Macaya, 2018). In such work, the 
spectral reflectance of the slag is used to estimate the chemical composition of white slags using 
traditional regression models. In this project, however, new methods based on Deep Learning and 
Convolutional Neural Networks will be explored to address the described composition regression 
task. In order to gather a training and evaluation dataset that can feed this model, Sidenor has 
provided a set of slags generated during the production process of different steel grades, together 
with the results of the chemical composition obtained by the XRF equipment they have in the 
laboratory. The slag samples are in two different formats: i) as slag pieces as they are obtained by 
the operator in the ladle furnace and ii) in grinded state, once they have been prepared for its use 
in the XRF machine.   

Spectral information from those slags has been captured using two spectral cameras available at 
Tecnalia’s facilities. These are lineal cameras (push broom) and, together, they cover a spectral 
range from 400-2500 nm (see Figure 11). The spatial and spectral information corresponding to 
each sample has been recorded in HSI files and annotated with their real composition as given by 
the XRF analyzer. Dark and White references are also recorded to be used as calibration and to 
disregard the effect of the illumination, thus allowing us to work on the magnitude of spectral 
reflectance. 

 

That preliminary data have fed different regression models that have been trained to predict the 
composition and concentrations of the slag.  As opposed to classical hyperspectral signal analysis 
methods, which operate over punctual measurements or individual pixels without exploiting 
inter-pixel relation, the use of Deep Convolutional Neural Nets (CNNs) allows incorporating spatio-
textural information into the model and jointly analyzing it together with the spectral information 
of the input signals. Once all hyper parameters are adjusted by evaluating the performance of the 
model under different configurations and architectures in order to obtain as good correlation as 
possible, the result of this process is a model with all the information that can be used to predict 
the composition of new, unseen samples. All this process is known as the training phase and is 
prior to the use of the slag characterization system in production by the final user. It is crucial that 
the data employed during the training phase contents samples acquired in the same conditions 
that those present in the final environment (i.e. there is no data distribution shift between both 
environments) and with enough variability to let the network learn weights that lead to a robust 
model. 

Linear (push-broom) cameras feature higher spatial and spectral resolution, but they need 
movement (camera or target) to get a representative image of the slags. Also, the illumination 
has to be suited to the employed spectral range. Special halogen lamps built using materials that 

Figure 11. Slag sample example and hyperspectral cameras at Tecnalia’s laboratory 
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project their infrared radiation forward (as well as the visible part of their emission spectrum) are 
the best suited ones for this task, due to their high color rendering index derived from their 
continuous spectrum.  

From the mechanical point of view, a linear guide will move the sample tray with the slags to get 
the spatial and spectral information from them. The system can be commanded using a 
communications protocol or by digital signals. As more digital signals are needed to control the 
acquisition system (switch on and off the illumination subsystem, lights bulbs to show the status, 
etc.) an I/O module will be used to control all these auxiliary elements. 

The general SW architecture of the Slag Characterization System is described in Figure 12. It is 
mainly composed of: 

 A Data Capture and HW Control module, in charge of communicating with the different 
physical elements of the system: illumination system, linear guide, etc. It is also 
responsible of gathering the information from the hyperspectral camera and generating 
the HSI files in a standard format (ESRI Raster BIL coded). This module ensures that the 
speed of the box containing the slag pieces and the frame rate of the camera are 
synchronized in order to get a realistic spatial image of the slags. Calibration information 
is also acquired by this module to ensure that spectral information is reliable.  

 A User Interface that interacts with the user, sends commands to the physical elements, 
shows the images, graphs and results and manages the information of historical data 
stored in the database. 

 The Slag Estimation Module that uses the Model that has been previously trained, to 
make the predictions of the composition, using as input the spectral information 
contained in the HSI file of a slag sample.  

 

All information is stored in the system data base and hyperspectral files could be used for 
posterior trainings, if the slags are also analysed by the XRF equipment. With the data stored and 
knowing external events like the fill up of the cone, average values can be calculated and the 
process can be initiated to complete the defined proof to concept for the Blockchain architecture.  

 

 

 

Figure 12. Slag characterization system: Internal SW modules 
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3.3. Blockchain architecture 

 Context description 

The steelmaking process generates slag as a by-product. This slag can be reused in other 
manufacturing processes depending on its composition, for example in the manufacturing of 
cement. This use case enhances the coordination between steelmaking companies and cement 
manufacturers. 

The slag composition must have a minimum percentage of the following elements to use it to 
manufacture cement: 

- Calcium  
- Aluminium 
- Silicon 

The process starts with a piece of slag which comes from a heat. In order to determine if the slag 
is suitable for the cement manufacturing process, a measurement process is carried out on slag 
to estimate its composition. The resulting composition is used to categorize the generated slag. 
The weight of slag will also be estimated in this step. 

Afterwards, the slag from one heat is grouped with slags from two other castings in a cone. As a 
result, a slag batch is generated. The slag batch composition will be inferred considering the size 
of slag obtained from each heat and their composition. 

The steel company stores these batches on different silo stocks (internal landfill sites). Depending 
on the resulting composition, the slag batch is assigned a specific stock. For example, a batch will 
be evaluated against these categories sequentially and will be assigned to the first one with 
matching criteria: 

- Stock A: calcium >60% 
- Stock B: calcium 50-60% 
- Stock C: calcium 40-50% 

Once the stock is selected, the batch is aggregated with all the batches stored in that stock silo. 
After the aggregation, only the total amount stored, and the composition thresholds will be 
known. 

However, the traceability platform will allow to track (1) the slag batches added to the silo, (2) 
when they were added and (3) the slags a batch it is composed of. 

Slag states 

The slag life cycle can be described with the following states: 

- Slag: Material generated in the steel manufacturing process.  
- Slag batch: Slags from several heats are put together in a cone. The resulting material is 

considered a slag batch. 
- Stocked: Categorized batch sent into the corresponding stock silo depending on its 

composition. 
- Sold: When a bid for a certain stock amount from a cement company is accepted by the 

steel company, the batch is marked as sold and it is transferred to the cement company. 
This is a final state. 
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- Discarded: If no high enough bid is received for a stock amount, the steel company can 
discard certain amount to free stock space. This is a final state. 

 

Actors 

Based on the description of the current situation explained in the previous sections we present 
now the actors involved in the Industrial synergy and traceability subtask. 

1. Steel company 

It produces steel through a process that generates different types of slag as a by-product. This 
project focuses on the white slag. The company wants to get rid of the slag and has several options 
depending on its quality. From its sale to a cement company in case of the high-quality slag to its 
shipment to a landfill at zero or higher cost otherwise. 

2. Cement company 

This company produces cement. Providing a minimum quality of the slag composition is met, it 
can use the slag generated by the steel company in the process. The cement company may reach 
agreements with the steelmaker to purchase the slag. 

3. Landfill company 

The landfill takes over the slag generated by the steel company when the quality of its 
composition does not allow its reuse. 

4. Public administration 

The public administration seeks to promote the reuse of slag and the progressive reduction of the 
amount of slag sent to the landfill. For this, they will have indicators that allow them to assess the 
current situation and its evolution over time. 

Stock bid 

A cement company can access the platform to check the available stocks of each of the qualities. 
The cement company can filter the existing stocks based on their requirements. If any stock meets 
all the requirements, the cement company can bid for an amount of that stock. The bid will be 
registered and sent to the steel company. 

The steel company will see the different bids registered from several cement companies for the 
stocks. The steel company can accept any of the bids. This will transfer the stock to the cement 
company. 

Stock discards 

If no bids are received or the bids are not high enough to cover the internal expenses, the steel 
company can discard some stock quantity by sending it to the landfill. This is done to release stock 
space. 

Figure 13. Slag states 
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The landfill will have to confirm the reception in order to ensure the traceability of the sent 
amounts. 

Indicators 

The indicators offer a vision of the current situation of slag management, as well as its evolution 
over time. Indicators are made up of a time series of values. The same indicator may be associated 
with different organizations or with none. For example, there will be an indicator "Percentage of 
slag reused" total and for each steel company. 

- Total 

o Total Slag Amount (TSA): Total slag amount recorded on the platform. Unit: tons 
- Reuse 

o Amount of slag reused (ASR): amount of slag transferred to cement companies 
to produce cement. Unit: tons 

o Percentage of slag reused (PSR): Percentage of slag reused in cement production 
with respect to the amount of total slag. Unit: percentage. 

 

- Discards 

o Amount of slag discarded (ASD): amount of slag sent to the landfill due to lack of 
interest from the cement companies or for any other reason. Unit: tonnes 

o Percentage of slag discarded (PSD): Percentage of slag sent to the landfill with 
respect to the amount of total slag. Unit: percentage. 

- Price 

o Minimum slag reusing price (MNSRP): Minimum price paid by a cement company 
for the slag. Unit: €/tonne. 

o Maximum slag reusing price (MXSRP): Maximum price paid by a cement 
company for the slag. Unit: €/tonne. 

o Average slag reusing price (ASRP): Average price of the total amount of slag 
reused to the cement manufacture. Unit: €/tonne. 

Sequence of actions 

In this section the sequence of actions performed by the 3 involved organizations is presented. 
The following are the steps performed in a full cycle of the use case which later is translated into 
atomic actions within the blockchain platform. 

1. Register slag 
The steel company periodically registers slag into the system providing the amount. 

2. Register measurements 
The steel company periodically registers measurements of the composition of a slag.  

3. Aggregate slags into batches and allocate 
The steel company groups slags units into batches. 

4. List available stocks 
The cement company periodically query the available stocks. 

5. Bid up for a stock 
The cement company bids up for a stock they are interested in. 

6. Accept/Reject bid 
The steel company accepts a bid. 
The steel company rejects a bid. 
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7. Discard stock 
The steel company can discard some amount of a specific stock to free stock space by 
sending it to the landfill 

8. Accept stock 
The landfill company accepts the stock sending quantity. 

9. Read indicators 
The public administration periodically read the indicators to check the situation. 

 

# ORGANIZATION 
USE CASE 

ACTION 

TRACEBLOCK 

ACTION 
TRACEBLOCK ASSET 

1 Cement company Register slag CREATE SLAG 

2 Steel company Register composition 
UPDATE SLAG 

UPDATE INDICATOR 

3 Steel company 
Aggregate into slag 

batch 

JOIN SLAG > SLAG BATCH 

MOVE SLAG BATCH 

4 Steel company 
Aggregate into slag 

stock 

JOIN SLAG BATCH > SLAG STOCK 

MOVE SLAG STOCK 

5 Cement company Filter available stocks QUERY SLAG STOCK 

6 Cement company Bid up CREATE BID 

7.1 Steel company Accept bid UPDATE BID 

6.1 Steel company Accept bid 
SPLIT SLAG STOCK 

TRANSFER SLAG BATCH 

7.2 Steel company Reject bid UPDATE BID 

7.3.1 Steel company Discard stock CREATE SLAG STOCK 

7.3.2 Landfill Accept shipping 
UPDATE SLAG STOCK 

TRANSFER SLAG STOCK 

8 Public admin Read indicators QUERY INDICATOR 

 

 

 

Table 1. Sequence of actions 
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 Platform design 

Architecture 

The presented use case requires a platform where each organization can privately share 
information with other organizations in a trustworthy manner. To avoid manipulations on the bids 
or the slag characterization, the proposed solution must (1) univocally identify the author of each 
piece of information written, (2) register when a change was produced and (3) make the data 
immutable so all changes can be checked afterwards. Blockchain networks cover all these aspects. 

Considering the privacy needs of the involved organizations, we have selected Hyperledger Fabric 
as the Blockchain technology on which to build the traceability platform. Because Hyperledger 
Fabric is private and requires permission to access, businesses can segregate information, plus 
transactions can be sped up because the number of nodes on the network is reduced. In Fabric 
only the organizations which agree to maintain a communication channel share information. This 
way, two different steelmaking companies will use different networks or channels not to be able 
to see the slags generated by each other. 

The proposed architecture includes 3 types of organizations (steel company, cement company 
and public administration), each of them with their own peer, and certification authority (CA) and 
an ordered peer. 

 

 

 

 

Figure 14 . Blockchain Architecture 
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Chaincode 

In a Hyperledger Fabric network, there are private communication channels between different 
organizations and, in such channels, business logic is deployed in smart-contracts (packaged in 
chaincodes). The chaincode developed in HyperCOG is based on Traceblock. 

Traceblock is a traceability platform developed by Tecnalia which generically allows to handle 
assets and their transference in a Fabric network. The underlying blockchain network must reflect 
the needs of the project where it is applied. Similarly, a parametrization work needs to be carried 
out to adapt its generic asset model and the functions provided to the needs of HyperCOG. 

Traceblock 

This section briefly describes Traceblock. For further details, we suggest the reader to check its 
official documentation1. 

Traceblock considers the data model defined in Figure 15 for each traced asset. The central piece 
of data are “TraceableAsset”, which has secondary models used to specify its location 
(“AssetLocation”), its latest modification details (“Modification”) and its ownership 
(“AssetOwnership”). 

 

 

Furthermore, it defines the following read/query operations which allow to query the world-state 
stored in the chaincode: 

 asset-history: retrieves the history of a given asset with all past changes. 

 asset-owned-elements: returns all the assets which belong to the user's role and 
(optionally) are of the type provided. Internally invokes “rich-query”. 

 asset-read: reads the requested asset. 

 rich-query: returns the assets matching a pattern. 

 dashboard-asset-allowed-states: retrieves the allowed asset states. 

 dashboard-asset-types-list: retrieves the allowed asset types. 

 barcode-create: given an asset id, this method returns a barcode image representing that 
asset. 

 QR-create: given an asset id, this method returns a QR image representing that asset. 

Traceblock’s chaincode has the following write/invoke operations which modify the Blockchain 
(and transitively the World-state): 

                                                           
1 https://lab.blockchain.tecnalia.com/static/public/docs/traceblock/index.html 

Figure 15. Traceblock's data model 
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 asset-archive: deletes asset marking it as archived. 

 asset-join: creates a new asset joining N different assets. If marked as bidirectional, links 
parents with the new asset too. 

 asset-update: modifies state of an asset. If some fields are not provided, values form the 
latest version will be copied. Ownership and creation date cannot be updated in this 
operation. 

 asset-register: creates asset on the ledger. 

 asset-split: the asset split operation generates as many assets as requested. That is, 
decomposes one asset into N new assets. All those new assets are linked to the parent. 

 asset-transfer: transfers the asset ownership (i.e., the asset owner is changed). 
 

HyperCOG chaincode 

Traceblock has been extended for HyperCOG to adapt it to the use-case explained above in three 
different ways: adapting its data model, adding new operations and adapting the asset visibility 
policies and the possible status and types. 

The data model has been extended using the “fields” field, which was designed to hold the 
additional data needed to specify the asset and adjust it to the requirements of each use case.  In 
HyperCOG, we will store both the slag composition information and the bids for the slag stock. 
Each bid is composed by a quantity of the stock a cement company wants to purchase, a price it 
offers and the identifier of the user which wrote the bid. The latter is automatically readed by the 
Blockchain network so it cannot be forged by the bidder to specify another user. 

The following operations have been added to the chaincode to allow to bid for slag stocks: 

 hypercog-list-bid-assets: allows to a cement company to query for slag stocks which 
belong to another organization (i.e., Sidenor). 

 hypercog-bid-asset: a user can call this operation to write its bid (price and amount bid) 
for a selected slag stock. 

 hypercog-reject-asset: a user who belongs to Sidenor can call this operation to reject a 
bid for a selected slag stock he or she owns. 

 hypercog-accept-asset: a user who belongs to Sidenor can call this operation to accept a 
bid for a selected slag stock he or she owns. As a result of this acceptance, the stock is 
split in a new stock (with the sold amount subtracted) and in the sold slag. The latter is 
automatically transferred to the bidder. 

Finally, other adaptations made to the chaincode include the restriction of asset status to “slag”, 
“batched”, “stocked”, “sold” and “discarded”, the restriction of asset types to the codes included 
in the European List of Waste2  and the adaptation of the asset visibility constraint. Generally, an 
asset in Traceblock is only visible by the users who belong to the same organization as the owner 
and it is only writable by those who also have the same role as the owner. In HyperCOG, the asset 
visibility has been adjusted to allow to the organization representing public administrations to 
query all the data associated to assets in the channel. 

 

 

 

 

                                                           
2 https://ec.europa.eu/environment/topics/waste-and-recycling/implementation-waste-
framework-directive_en 
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Applications 

External applications can be integrated with Traceblock through a HTTP API. This API can be used 
to interact with several channels and chaincodes of different Hyperledger Fabric networks on 
behalf of users from different organizations. Ideally, each organization should have its own API 
instance connected to its Blockchain network peers not to rely on other organizations (see Figure 
14) 

The API manages identities in the blockchain network for the client using it. Usually, this client will 
be using a web browser and must proof its authenticity in a login process. The user must facilitate 
a) the blockchain network it wants to talk to (we can assume that in ICEBERG there will be only 
one), b) the organization it belongs to, c) its username and d) its password in this process and will 
obtain an access token in return. This access token is ephemeral, but it can be used in subsequent 
request as a proof of its identity. 

Traceblock offers a generic web Dashboard to graphically monitor generic assets stored. 
Additionally, in HyperCOG we will demonstrate the use-case using several command-line 
interfaces applications, one for each organization involved: 

- Stell-making company. This is the most complex CLI and allows to (1) register the slag, (2) 
provide its composition, (3) mark the slag as sent to the cone, (4)  mark the slag batch as 
sent to the stock, (5) accept or reject a bid and (6) discard part of a stock sending it to a 
landfill. 

- Cement company. A user can use this CLI application to bid for a slag stock. 
- Public administration. A public administration user can extract indicators using this CLI. 

All applications allow to provide the connection details with the API both as an argument or as a 
environment variables. Furthermore, each command has additional arguments and menus to 
obtain the necessary input to invoke each operation. For instance, a slag stock can be passed as 
an argument, but in its absence the application will list the available stocks for the user and easily 
allow him/her to select one. 
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4. Conclusions 

4.1. Intelligent ladle monitoring system 

 Monitoring of the thermal state 

- Passive thermography has been selected as the monitoring technique to determine the 
state of the refractory of the ladles at Sidenor 

- Several thermal parameters have been selected as inputs for the system: Maximum 
temperatures, temperature profiles, evolution of the temperature in key areas   

- This information has been matched with inputs given by Sidenor, related to interesting 
parameters along the cycle of the ladle. 

- The monitoring system needs to be optimized and a new procedure has been defined.  
- The main idea for the final system is not only to extract information in real time, but also 

to generate a historic for each ladle in order to optimize their lifetime and determine the 
cycle in which the refractory should be change. 

- This will benefit Sidenor in several aspects, both in having a deeper control of their ladles 
and in reducing the costs associated with non-optimized changes of refractories, together 
with reduction of risks for operators. 

 Ladle tracking 

- Nowadays, the ladles are completely tracked at the secondary metallurgy and casting, but 
this tracking is less clear other stages of the process. 

- The recognition of the ladle is based on a number welded onto the body of the ladle 
(material: steel) 

- By installing cameras at the entrance and the exit of different stations along the process, 
the new system developed will be able to track the ladles at any time. 

- The system can be based both in thermal or RGB cameras. 
o Thermal cameras offer higher contrast because of differences in emissivity of the 

welded number. The disadvantage is their lower spatial resolution 
o RGB cameras offer higher spatial resolution, but the contrast generated by the 

number and the harsh environment of the industry increase the difficulties with 
these cameras 
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4.2. Industrial synergy and traceability: Ladle furnace slag 

characterization 

 Slag Characterization 

- Nowadays, slag characterization is a manual operation  
- The main aim of the new sensor is to obtain an estimation of the slag’s composition at the 

production line, in a short period of time, based on hyperspectral cameras 
- Conceptual design and interface for the analysis has been developed 
- New methods based on Deep Learning and Convolutional Neural Networks will be 

explored to address the described composition regression task 

 Blockchain architecture 

- Hyperledger Fabric as the Blockchain technology on which to build the traceability 
platform. 

- The proposed architecture includes 3 types of organizations (steel company, cement 
company and public administration). 

- Traceblock has been extended for HyperCOG to adapt it to the use-case in three different 
ways: adapting its data model, adding new operations and adapting the asset visibility 
policies and the possible status and types. 


