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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-based scenario

and their integration to the general HyperC@ghitecture alongvith adaptationof 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

1 Intelligent ladle monitoring systenThe 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 ewill b
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 capturéemperature distributions will be
very valuable to improve theriterion for relining the ladles Having the cameras at
different positions will allow for an automatic tracking of the ladles, avoidingrer

1 Industrial synergy and traceability: ladle furnace slag characterizatimtask introduces
a blockchain architecture to transmit certified information along the value chain between
industry. Ladle furnace slag is aflmpduct of the steeindustry 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 reportitite detailed specifications of ehsteel usecase digitalization,
describing the strategies followed to obtain the expected results.
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2.Intelligent ladle monitoring system

The steel production process is precisely describg@d1, 2020)The process consgsof five
main stages:

1 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.

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

1 Secondary Metallurgy. The third step in the processaittstafter 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.

T Casting. Itis thprocess where the obtained sthesolidifiedin the casting machine. Each
chosensemi producthas its own form. The ladle is moved to the continuous casting
machine. The ladle is opened at the bottom allowing molten stedde poured into a
vessel called tundish. The tundish pours the liquid steel to open moulds, where the steel
solidification takes place.

1 Semi Product. The last step in the steel mantifeing process is the cuttingf the
solidified steel from the contimous casting machines into desired lengths (around 10m)

In the deliverablén (D5.1, 2020)urther details and pictures of the ladles, steel machines, and
diagrams are shown. The mentioneldta are confidential and cannot bgresented in this
deliverabledocument.

2.1. Monitoring of the thermal state

2.1.1. Context description

A ladleis arefractory material linedteel vessel employed to move liquid steel between different
process stations along the factox.number of ladles filled of molten steel, movitgough the
electric arc furnace (EAF), the ladle furnace (LF) and the continuous casting (CC) machine
composes the total ladle fleetAt the last process unit, the ladle is emptied and transported to
the ladle maintenance station and the preheating stat@mreas.Coordinating the position and
movements of the different ladles efficiently is necessary in order to minimize heat loses of
molten steel and fooptimum supply. The working lifetime of the steel ladle depends on the rate
of wear of the refractorylining. 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 persanpeies, as well

as high economic impacOn the other hand, if ladles are retired prematurely the cost of the
refractory is incremented and impacts in the overall production cGstrently, ladle lifetimeis
decided by experienced personnel based onali®bservationmost ladles are removed from the
steelmaking process for cold maintenance before reaching their maxipussiblelifetime in

order to avoid accidentdn the market there are commercial laser measusggtems, which are
mostly used for cacking mayor refractory crackisut lack precision for checking the remaining
refractory layer.

At the same timethe 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 appropffiat clean steels.
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By using thermal cameras, the thermal state of the surface of the ladles can be monibied.
means that any issue regarding the refractory wearing that leads to changes in the temperature
field along the ladle can be detied. 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 dhe ladle during the next cycleat the same timedifferent

parts of the ladle suffer a different evolution regarding both, therinigkory and wear status,
outputting a complexhermal scenarioThis monitoring is not only a detection system but also an
evaluation of the actual and future state of thele.

Regarding thermal cameras, there are two main types based andatector.

1 Non quantum detectors (microbolometer Focal Plane Array)

Microbolometer FPAs can be created from mktalr semiconductor materials, and operate
according to noruantum 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,
microbolometersdo not require cooling, which allows compact camera designs that are
relativelylow in cost. Other characteristics of microbolometers are:

- Relatively lowsensitivity(detectability)

- Broad (flat) response curve

- Slow response time (time constant ~12ms)

1 Quantum detectorsi{asedon photoelectriceffect)

For more demanding applications, quantum detectors are used, which operate on the basis

of an intrinsic photoelectric effect. These materigdspond toinfrared rays IR by absorbing
LK2G2ya GKIFIG SESOIGS GKS Y (S Nausing ®éhangefirS Ol NP y :
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.temperature, having aO2y a il yi NBalLlR2yasS GAYS 2y
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 goodrelation between performance andosts.Therefore, inthe caseof the ladles, this
type of detector has been selected.
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2.1.2. Current monitoring system

During the first months of the Project, Sidenor has used a LAND-8&RB08-LF thermal camera
to acquire thermal imaget® analyze the state of the refractoryhiscamerahasbeen located in
the ladle cleaningtation,which has allowed its monitorinduring the coolingprocesses between
work cycles. In this case, the thermal images have been processed by Lortek as shigwrein

Y " Y

Thermal images Preprocessing
A = Detection of regions of interest
aql-IISItIOH . Background subtraction

Thermal analysis

«  Maxtemperature

= Temperatures over threshold
. Thermal profiles

DEIEELEIVE

B Correlation between thermal info and
ladle info

Figure 1. Current thermal monitoring process

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 orderto haveaconstantmonitoring of the station. Subsequently, this process

has been optimizedecording onlythe imagesin 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.

1 Preprocessing:

Once the images are obtained, it is necessary to carry out-pneeessing 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 bakert

- First, @ | LJLIX @ Ay 3 h (i abje@sathatiakeNdStheKfdrit B Ahg¢ Hnage 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 ladleand isolate it from the rest of the image.
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1  Thermal analysis:

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

Hot spots according to the analysis are@he ladle can be divided into different zones
based orheight,sincenot all zones suffer in the same way. Therefore, it is interesting to
obtain the relative hot spots in each of them. This datanot determinedindividually,

but its evolution throughout the cycles deternéis which areas of the ladlsuffer
undesired temperaturéncreases.

Temperatureabove the limit: Once the usuabehaviourof 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 outsi&éthe usuabehaviour Thus, a possible premature
deterioration of the refractoryjiningcan 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 poinisterest,

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 ladks mentionedbefore, not all
areas of the refractonfining suffer inthe same way or support an equally intense
degradation. That is why there are areas that need to be controlled moretigiy.For

this purpose regions of interest are created in which extra parameters are calculated,
such as mean temperatures, deviat®ar profiles in different directions that allothiem

to be monitored more intensively.

1 Data analysis:

Extracting the thermal information from the different ladle cycles is a necessary process for
monitoring However in order to offer a complete solutip it is necessary to relate thesata to

the cycle datdor eachone. Sidenoy for each of the ladles it isorkingwith, saves a file in which

it records different operating parameters, such as:

Datetime of capturing this row

ID number of the ladle used in the heat

Ladle status

Heat ID Number

Heat ID Number from the previous heat

Uses of the ladle

Time of use of the ladle (if >10000 strats again)
Time for the ladle filling from EAF or any other filling
Ladle emptying time fnrm Casting process

Time from burners heating finishing

XPO

O OO0 0OO0OO0OO0OO0OO0OO0oOOo

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 refraitong and its
useful life. At the time of writing this document, timeimber 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 thermaritemperatures of the
spoons and different parameters extracted by Sidenor.
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In Figure2, the relationship between the temperature value$ the ladle surface and the time
elapsed since the ladle has been filled and the capture time for different numbers ofigasts
shown
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Figure 2. Max temperature VS time since filling up

In Figure3, showsa summary of the maximum temperatures in the images acquired for several
ladles along thaifferent numbered cags:
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Figure 3. Maximum temperature per thermal image for different ladles
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Ascan beseenin Figure2 and Figure3, the dispersionof the data are quite large, mainly due to

the lack of homogneity in the capture of the images. The ladles are not always located in the
same position in the image. In addition to this, trenbe rotated or inclinedn the imagesso

the measurement areas are not constant, generating noise in the data collection that leads to an
uncertain analysig-or these reasons, a study has been carried out to improve the set up used for
thermal captures.

2.1.3. Optimization of thehermal monitorig system

Due to the interest ofdevelopinga complete monitoring systemit is vital to have well
synchronized information on certain parameters of the ladle cycle and the thermal evolution of
the refractory surfaceThatis why, during the last monthsnaoptimization 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 therama¢rasthat 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 atat pbinterest 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 tneasuringn the cleaning statiortlje ladles have been empty

for some time, sothe maximumtemperature is not measurgda newmeasuringpoint has been

defined in which it is considered that the quality of the information obtained will be increased.

The thermal cameras will blocatedatthe f Rt S aSYGSNAYy3IE LRaAGAZ2Y D
metallurgyplant, the ladle is introduced in a cahat moves it along the different positions as

[ FRES Cdz2NYyI OS 6[ CO 2NJ x| OdzdzY 5 S Posiiohkhgrathed +50 @ ¢
ladle is introduced in the car at the beginning of the secondary metallurgy and removed when it

is finished. Thigposition allows measuring the surfacemperature at the end of secondary

metallurgy when the highest temperature is expected

The improvemenbbtained thanks tothe positioningof the cameras in this station is expected to
be multiple: possibility of always having the ladle in the same posiiosimplify 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 updatezhch 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 optimumwmment for repairing and changing

the refractorylining, since the experiencecguired by the system will allow operators to disc

if the behaviourof 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:
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Hot spots with temperatures higher than admissible

Definition of data extraction areas, depending on the location in the ladle.

Maximum, average, minimum temperature valussd deviations in the defined areas
Optimized temperaturgrofiles in the new settings

Evolution of temperatures in key areas of the ladle

Individualization of the analysis depending on the arethefadle, since it does not suffer
wear in the same way in all the geometry

Learning capacity and optimizati@f 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.

Optimizaton in the selection of the next ladle to use
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2.2. Ladle tracking

2.2.1. 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. Trellesare filled in the electric arc furnaces

with molted steel. They move it to the continuous casting machine. Afterwénddadlesneed

to be prepared for the next heat, and sometimes they need to be maintalnefdre they are

filled with molten steel again.adlemaintenane can include cleaning, and relining the inpeairt

of the ladle, where the moltesteel residesln addition, toreuse the ladle after maintenance, it

IS necessary to heat iThe ladle goes into the heating stage, where it enters a big fugrsame

has b stay inside foa certain time to reach the desired temperature

At different steel manufacturing stages, all ladles neelld@tracked.In other words, the location

of each ladle has to be known. In genetatileshave cylindricathape Theyare identified by a

number written on their body. The digits representing the ladle number a@nstructedfrom

steel pieces andthesRA 3AG& NB ¢St RSR (2 (GKS fI RfSQa 02R:
track of which ladle issed ateachstage Improved ladle tracking can help with heat sequencing

GKSNBE SIFOK fIRftSQa t20lGA2y Aa (1y26yd . SaiRSaxz
can be computednore precisellyif the location of the ladles isnown

In the project, visual trackingof the ladlesis 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 identificatiofadfe numbers is a challengtie 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 canus®ed to identify the ladle. Another challenge

is the low contrast betweethe ladlecQB A IA G | Yy R {d6ioth arentallesiQtéel,abd® R &
sometimes the edge of the digit can kidficult to identify. Thus, the viewpoint of the tracking
camerags crucial since it affects the quality of the trackibhjpreover,the placement of tracking
cameras at the steel plant can be challenging tiuhe privacy of the planivorkers

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

2.2.2. 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 dtenaspecific amount of heats for
maintenance. At the second metallurgy stage, thdles are completely tracked. Howeyet

other stages and stations, the tracking is lost. The tracking is done by the workers at the steel
factory. They keep track of el ladle manually at the steel plant. It is of good help if the ladles
are automatically tracked. At the moment, no automatic visii@sed methods are employed at

the steel plant for tracking the ladles.
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2.2.3. New sensor system specifications

Main requirements

Based on the regular meetings between the partners, it was identified that the tracking of the
ladleswould be enough to know in which station the ladle is at any mom&he 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 sldae computed and reported. The duration
spent by the ladle at each station can beiaportant input to the heatsequencing optimization
problem.

Technical architecture

By the start of WP%, Data Collection, the partners discussed thoroughly the ladleking
problem. Based on the technical discussitite system architecture has been introduced, as
shown in Figure 4. The proposed architecture consists ithree main parts, sensing, data
aggregation, and machine learnipgsts. The sensing part represents the physical cameras at the
steel plant installed aéntry and exit points at different stations. The images are collected and
then are preprocessed. The datrethen collected, stored and annotated with timestamps and
ladles are labeled. However, the real data collected so far was not sufficient talégnlearning
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. Theudslater

to be used in training anduildingmachinelearningbased models that can recognize the digit in
the image, and then recognize it.

Sensing
Thermal Camera

Color Camera I'l'l

.
I

Data Aggregation

SIS PR

Synthetic Real data
Thermal Data  Thermal, Color Data Pre-processing

machine Learning \
l

Digit Detection and Recognition
N\ / \’\'}
I Ife rence

Pt )

ML Algorithms \_ ML Model

o

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 ta8k.shown irFigure4, the data sensing

part includes thermal and calwm camerasThe 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 haveosne pros and cons related to the visual tracking of the ladles. The thermal
camerashavelow 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 iritteemal image since

iKS KSFG G4 GKS adNFIOS 2F GKS RAIAG Aa fSaa
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 mde better identified in thermal images compared to color images.

The RGB cameras chave 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
SYGANRYYSyYyld YR (GKS f2¢ O2y (N} adil,asbbthiaseSéy (KS
steel. These challenges could be overcome with advanced image procestinigjues. However,
dataare critical for developing and testing different algorithms and methods. Due to the GOVID

19 pandemic, visiting the steel plant was not possible.

The partnersaand 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 requimeddcbe 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 pointConsequentlyit is important to choose the location where the cameras

will be installedas it iscritical to ensure that the digits are visible in the camera framaltiple
cameras can be employed to solve the visibility challenge.

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

f



HypercC

3.Industrial synergy and traceability:adle 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 compositiothefsteel, 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 itatile is covered with a
reducing slag in this second refiniphase ands 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 finisd 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 contulis slag is carried to amternal
landfill in the steelmaking plant, where all slags get mixed.

Nowadays, all slaggo 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 pridassthe case

of cement production.

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

STEEL - CONE SLAG BATCH . .
COMPANY sh - T ML
. |=I‘ ——— «FFH
SLAG E . LANDFILL
COMPANY
— _F -1 SLAG STOCK
| BY COMPOSITION
| =
I. composmon |
L | | | g
—
INDICATORS
F
-
[ 1Ml

PLBLIC ADMINISTRATION

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 qualitiesThe qality 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.

Ca0 content

40-50% 50-60% 60-T0%

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

3.2. Slag Characterization

3.2.1. Context description

During the secondary metallurgy of the steel making process, slag is extracted from the ladle
furnace in order to evaluate its characteristitisis a manual operatiom 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 tionprove 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).
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operators in their decisions. The slag composition could be used to send the slag to a specific place
in the internal store/landfill site.

3.2.2. Current measurement process

As has been explained earlier, there isamine sensor to get the compositiomformation. 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, asahds to the laboratory
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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.

Figure 7. Several slag samples grinded for the use in laboratory systeffhey need additional preparation
before they can be used.

The composition measured by the XR&chine gets storeth the laboratory storage system. The
slag composition changes during the secondary metalldtgy.used to eliminate impurities and
depending on the deoxidation products and reaction with stéleé 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.

s sidenor
Preparacion y andlisis escorias por espectrometria RX
Analitica periédica semanal de muestras de afino
Cout‘.l Calidad _.] Identificacion ‘.] Si02 FeO AR203 Ca0 MgO MnO Cr207 YOZ_,_I

Figure 8. Excel file with Heat ID, Steel Grade, Comment and Composition

Once the heat has finished the slag is tapped from the ladle to a cone or pot. There is hb weig
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 intéplace reserved for it and the cone

is emptied.

3.2.3. New sensor system specification

Main regquirements

The current system that calculates the composition of the slag is a laboratory equipment. The
measurements require the samples to be prepared. @asurements have high precision but
takes time to get the results. The equipment must be used by an expert. The main aim of the new

ASyaz2NI Aa G2 26GFAY Fy SatGAYlIdAzy 2F GKS afl 3Qs3

of time and in an easway.

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

1 By knowing the final composition of the slag before moving it to the internal landfill, it is
possible to send it to specific sitegere 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
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of the traceability with blockchain proof of concept, three different internal places are
defineddepending on the compaosition.

1 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 eniabl the acquisition of new knowledge
about the slag evolution during a heat.

The way slagamples are gathered frothe ladle remains the same: the operator introduces the
pole in the interior of the ladle, the slag in liquid state gets stuck on it,éa thken 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 donenafeferroalloy
additionshave been added and when the slag is weked 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 computerin which the artificial intelligence algorithms will be executed yielding an estimation
of the slagcomposition as resultrigure9 shows a conceptual design of the system. The actual
physical system will be enclosed in order to keep the acquissiistem as isolated from the dust

and external avironment as possible. Theain element of the system is a hyperspectral camera
that will obtain the spectral information of the slags.

Computer |

Figure 9. Conceptual design of the slag characterization system

At the bottom part, there is a linear axis that moves the tray containing the Blaigloading
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 acqtiem system and will pass under the
hyperspectral camera where a software will collect the information.
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User will be assisted by amterfaceto help him duringall the procesdrigurel0shows a proposed

user interface that will be running in the connected comput@nce the pieces of slag are in the
box, the capture process starts by pressing the Start Button. A new windbeppear, 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.

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

Once the capture is finished, the gafiction 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 Al203 and their typical ranges are
(these values have been calculated from real data obtained during the task development):

1 Ca0:43.8766.21 %
1 SiO2:6.99 30.53 %
1 AI203: 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
registe 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 ancharried 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 offlie analysis methods as XRF) are needed, so that, once deployed and during the
normal operation of the system, it can estimate the composition.
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