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1 Executive Summary

Thisdocument reports the results of the 1QS ICT requirements analysis done by the partners involved in the task 4.1
(ICT requirements analysis and assets inventory) Those results are the main inputs for the development of an integrated
loT/BIM/AI platform forsmart quarrying (KTA4) that will be done in the frame of the WP4.

CANRGEE&Y GKS 2tmQa RStAGSNIotSa FyR GKS 50 damalyaegdtd & G | y
produce an exhaustive ICT assets inventory, known at this stage of the DigiEcoQuarry project, for all the pilot sites.
These inventories list the expert systems and the interfaces, give a data contents summary, and highlight the data
format and the da& sharing within each pilot site and for all involved partners.

Secondly, their analysis, completed by several exchanges and workshops between partners, also enable the creation of
the data flow diagrams for each pilot site. These diagrams permit to igetite necessary configurations of the
interfaces to build to connect the 1QS with the pilot sites and partners expert systems.

Main activity of this task was also the realization of a benchmark study allowing the selection of the best components
and toolsthat will be used to build the 1QS. This document gives the conclusions of the benchmark (in appendix, the
whole study is also available)

Finally, all the intended components that will be used for the data lake, the 0T, the data warehouse platforfos and
the business management tools are listedsted,and presented here. The sharing of first dataset examples between
the partners enabled the realization of first prototypes. Thanks to these prototypes, certain risks could be eliminated,
the choice of omponents and tools could be confirmed, and a global IQS integration could be defined.

Through the sharing of these dataset examples, it has also been possible to create a first version of data models, by
guarrying process, that seem to be relevant for tggregates industry. These data models are also presented within
this document.
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2 Introduction

2.1 Concept/Approach

The D4.1 deliverable is the main output of the Task 4.1, ICT requirements analysis and assets inventory, run in the frame
of the WP4, Devefament of an integrated loT/BIM/AI platform for smart quarrying [KTA4] led by AKKA, and involving
the following other partners: ANEFA, Sandvik, Metso, Maxam, ITK, MUL, Chalmer$), MBlsut GmbH DH&P,
ROCTIM, SIGMA, UPAl, Maestro SRL, ARCO and APP Ctor§a

Within this Task 4.1, each technological partner had the opportunity to present in more details its key technology area
and their related tools to all the project stakeholdeBeverabilateral workshops have been organized with the pilot

sites aml between the technological partners to go deeply in the details of all the ICT requirements described within

2t MQa RSEAOPSNIoOfSad ¢KSasS g2NjlakKz2LAa ff26SR GKS LI NIyS
each pilot siteandto define what could bedeployed, and how, on the quarries, folfil their digitalisation needs. A
benchmark has also been performed to select the best digitalisation tools (data lake, IoT platform elements and data
warehouse) by considering the state of the art, defining evaluation critenid identifying potential sokions. All these,
workshops conclusions, benchmark results and potential solutions are presented in the next sections of this deliverable.

2.2 Deliverable objectives

The objectives of the D4.1 deliverable are to describe:
1 The solutions to be deployed in the guies: networks, devices, togland architectures
1 The data flows between these solutions
1 The related/proposed data models
1 The needed interfaces
1 The additional services related to:
0 The loT platform and the data lakes,
0 The data warehouse and the gjstem,
0 The BIM systems,
0 The reporting and management tools

and to explain how to integrate these.

2.3 Intended audience

The dissemination level of this deliverable is public.

This deliverable is a key input for all the other tasks to be done in the franie &/P2 Selection and development of
innovative aggregates processing techniques [KTAL, KTA2}], BRSopment of sensorsgautomation,and process
control [KTA3] and WPDevelopment of an integrated loT/ BIM/AI platform for smart quarrying [KTA4]
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3 ICTrequirements analysis

3.1 Networks and devices deployed in the quarries

3.1.1.1 Inventory of the existing ICT assets

The following table provides a hidével view of the expert systems, interfaces, contents summary, format, data
sharing,and partnersinvolveds A § KAy GKA& aA0Se® LG SylofSa GKS ONBFGAzZ2Y
have a detailed view of the data.

System Description of the| Interface type | Content Format Shared Shared
Expert function provided data data with
through
) ) BMT
HANSON Quarry management | Manual upload Historical data xls, pdf Data SIGMA
SExpert . system Production data Lake APP
ystem: ABAUT
igl\P/I'/AI\ - Maintenance data MUL
0
system General information data kj/li'\;,zﬂM
Specific data (amount of SANDVIK
material at the bypass of
the crusher)
) ) MAXAM,
{ ! b5+ L| Data measurement Sandvik OEM cloud MWD Signals IREDES (xml) Data SANDVIK,
cloud during the drilling with an API, Lake MUL
platform process Manual upload, Json, csv HAN’SON
and download UPMM, '
ABAUT
SIGMA:
Hawkeye
APP
. MAXAM,
al - ! aQ| blast design Manual Reports csv, xls Data SANDVIK,
Blast Design| optimization Lake MUL,
SR?cﬂgaLféT automatic assessment HANSON,
of rock structure. UPMM,
ABAUT
Explosive performance SIGMA:
assessment Hawkeye
Borehole condition APP
and resulting advance
control of the blast
results including rock
damage asssment
e . MAXAM,
UPMM Quality distributions Manual SHARED INPUTS Standard/Proprietary Data SANDVIK,
using UAvmade block Lake MUL
models T uAav ) HANSON
photogrammetric ,
Rock mass acquisition UPMM,
characterization ABAUT
techniques. 1  Internal hole wall SIGMA:
video Hawkeye
APP
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System Description of the| Interface type | Content Format Shared Shared
Expert function provided data data with
through
1  Log of vibration
signal
1  Detonation pressure
SHARED OUTPUTS
1  Cloud points
1 3D geeref model
1  Seismic propagation
velocities
1  Seismic quality
factors of the rock
mass
T Fracturing index
. . . . MAXAM,
MUL implementation of a Manual upload and| §  Particle size Json, csv Data SANDVIK
drill to mill concept. download distribution Lake MUL '
cost/efficiency analysis 1 Muck pile HANSON,
in order to optimize characteristics UPMM,
the blasting procedure _ ABAUT
used 7 Quality (rock type, SIGMA:
hardness) Hawkeye
. APP
bl Experimental setup
(layout, explosives,
delay time)
. . MAXAM,
ABAUT Product mass flow Manual and 1  Work time of Pecker | Standard/Proprietary | Data SANDVIK
- ; automatic . sharedin | 0 '
eetperformance upload/download | T Production [sum of Abaut HANSON
tonnage, tons/h] per expert y
Reports : P UPMM
machine and system ABA T
Implementation of drill locations and in SIGI\&IJA'
to mill concept 1  Geofence Hawkeye
_ APP
1  Cycle times
1  Duration
loading/hauling/unlo
ading/idling
T Number of cycles
1 Haulage distance
1 Number of
passes/scoops for
loading a truck
T Loading
performance
T Recognition of
environment using
cameras
“ GA #101003750 28 Juy 2022
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System Description of the| Interface type | Content Format Shared Shared
Expert function provided data data with
through
1  Recognition of
activities using
cameras
. . HANSON
BMT Generate, store and manual upload 1  Dynamic and static | pdf, xIs Data
share reports and view of data and Lake
dashboard KPIs shared

3.1.1.1.1 Dataflow

The following diagram depicts the data flows between the partners or systems within this pilot site.

HANSOND
Produce measurement Retrieve KPls, reporfs, data -
DataStore-MWD _Store data ] Jeiom (CO
logs/GPS data > =

Store/upload historicpl data,
production data and KPI

—_—

[ | DataStore-Production-Scada
_Retrieve data (MWD) |

Maxam

System

Produce explosive performance data |

DataStore-Blasting o Tesnis

result l
Y.y

~—— Store UAV/images/video N Retrieve KPIs from Expert Systems I
Retrieve MWD signals o

Y

UPM-M DEQ Data ‘Store reportsivisualization/pdf
System Retrieve Abaut measurement Lake i

A&
Produce result |
DataStore-Rock _Store results DataStore-BMT

mass
Characterisation

A A

Retrieve data
Retrieve PSD data/material etreve >
| characteristics .
MUL Store result
DataStore-BIM
Hetncye fo Retrieve dataset
Abaut
SIGMA/UPM
-Al
Store
DataStore-MM Store mobile machineries data )
Data

Figurel: | | y & Dgta Fip& Diagram

Hanson is the reference pilot site for KTA1 (improved extraction, rock otammcterisation and control) Within

I yazyQa REFEGF 1182 LINIYSNBE 62Nl Ay3 2y Ye!lm gAaff SEOK
After each blasting opefaA 2y > {FYR@A| oAttt O2tfSOG YR &aKINB a25 Ay
videos and logs of vibration will also be stored and shared MUL andNMR&nson will also contributiey storing data

related to the primary crushing process of thiedted material. To that end Maxam will retrieve this information to
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produce and then store analysis reports related to the blasting process as well as optimized blasting parameters for
future blasting operations. MUL will also store assessment reportteeito the vibrations due to the blasting
operations.

Hanson is also the referenpdot site for KTA3.2 (monitoring sensors and analysing tools both for Mobile Machinery in
[2FRAY3 3¢NFyaLR2NIG FyR F2NJ G§KS NB O 2emlikdimaoy, wi ForeckPIBl] S NE
related to the mobile machineries: usages, cycles, transportation times, distances, loading performance and transported
tons.

Sigma/UPMAI will retrieve dataset from Hanson to run their Hawkeye tool (used for aggregateygamad grain size
determinations) The business management tool will retrieve KPIs to propose Business management dashboards. APP
will also retrieve data from the data lake for their BIM solution. Hanson will take advantage of its data lake by retrieving
KPls, reports and processed data which will bring added value for the management of the quarry.

3.1.1.2 Advanced rock mass characterisat{®TAl.1)

3.1.1.2.1 MAXAM

Anew methodology to assess rock mass quality from-drihitoring data to guide blasting in open pit opdrats. Two

rock description indexes will be derived directly from Measurement While Drilling (MWD) data collected by Sandvik
drill. Principal component analysis will be used to combine MWD information. For that, corrections of the MWD
parameters to minimizexternal influences other than the rock mass will be applied.

The firstindex is a Structural factor that classifies the rock mass condition in three classes (massive, fracturediand heavi
fractured). From it, a Structural Block model has been develdpesimplify the recognition of rock classes. Video
recording or Televiewer measurements (together with UPM) of the inner wall of the blastholes will be used to calibrate
the results obtained.

The second index is a Strength factor, based on the combinafidWD parameters, that has been assessed from the
analysis of the rock type description and strength properties from geology reports.

Finally, the Structural Block model is combined with the Strength factor to create -fReck model. This model,
exclusiely obtained from drill monitoring data, can provide an automatic assessment of rock structure, strength to be
used as a Rock Factor.

The mathematical model oftheid2 O1 A& AYLI SYSYGiSR Ay a!-laQa .flaid 5S5aA
and calbrated for each drill/quarry/mine; it filters and normalizes automatically the MWD data to remove external
influences different than the roclEigure2 shows an example of the model.

The output of the XRock model can be exported in *.csv or *.xIsx format to be imported into the DE&Lake

GA #101003750 28 Juy 2022
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Figure2: Rock charaerization form XRock model

3.1.1.2.2 SANDVIK

Drill plans, Quality reports and MWD data to/from drill rigs will be exchanged in IRED#S The IREDES format is
an XML container allowing easy access to the datha flexible data payloatepending on the data logged on the drill.

IREDES files can be transferred using Sandvik cloud platfotimmanual upload and downloadh addition, APIs for
automatic retrieval of files can be made availabREDES files cafsobe transferred manually using USB flash drives

IREDES information can be parsed from further Usaddition, many drill & blast planning SW allow exports of data in
converted formats, including CSV and XLS.

Equipment utilization data will bavailable as Excel files in Sandvik cloud environmant API extension to download
and automatically retrieve in CSVIBON formats will be developed.

Custom data logger®.g., for CAN bus data should not be integradedctly to higher level systems, but first parsed to
a standard formasuitable for integration into databases.

Maininputs for drilling execution arg) drill plans in IREDES fornfatanual import and conversion from other formats
is possible) and 2) surface models in LandXML fo(ogatversion fronrDWG and DXF is possible).

Data to and from the drill rig(s) will be waferred through Sandvik OEM cloud with an ARIXernal data lakes.

3.1.1.2.3 URJ-M

Structural rock conditions (jointing, cavities, etc.) and lithology chamgiébe investigated from iborehole images

and/or photogrammetric models of the highwall facéBhe measurements will be processed and analyzed with
MATLAB, ShapeMetrix 3D and associated softwares from 3GSM, and CloudCompare. If televiewer is finally used to log
the blastholes, WellCAD software from ALT will be also employed. The discontinuitiastehistics, like orientation,

spacing between discontinuities, fracture length, from these softwares will be an input to calculatedite Biock Size
Distributions (IBSD) with Fracman suit or Matlab; for the latter-parametric distributions will beised.
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The drilling data recorded while drilling or Measurem&yhile drilling (MWD) will be analyzed using MATLAB
algorithms and scripts; direct measurements of the rock mass will be used to calibrate the model. The purpose is to
detect automatically ckapatches and fractures from drilling data. For more details on the input data refer to Deliverable
3.1.

3.1.1.3 Productive and efficient drilling technolo@gTA1.2)

Drilling productivity performance and settings follewp using the data logging and transfer msadescribed in section
3.1.1.2.2Focus is on the MWD datand drilling production KPIs.

3.1.1.4 Better explosives characterisatigdTA1.3)

3.1.1.41 MAXAM

The Selective Energy combines a series of innovative and technological components designed to delivboielealeh

GKS NRIKG lijddhyidAride FyR RA&AGNAOdziAZY 2F (GKS SELX 2aA0S50Qa
out it, it is firstly necessary to consider the geomechanical properties of the rock mass within the blasting, as from the
X-Rock model, in order to adjust the explosive density to match the energy released by the detonation. Thus, MAXAM's
innovative explosives application technology (Smart RIOFLEX), combined with the geomechanical and geotechnical
characterization of the rock,llaws the optimization of the blast outcomes, such as fragmentation, rock micro
fissuration (reduction of the rock grindability indexes) and control of slope damage in the buffer and contour rows.

Smart RIOFLEX allows a wide range of densities (0.6 g3 g/cm3) to be achieved, making it possible to adapt the
energy available in the detonation process more selectively. The selectivity process is normally developed by adapting
and varying the density of the explosive (and thus its eneaipng the boehole itself according to specific loading
profiles or as per the type of rock defined by thd&k¥ck(geotechnical and hardness domains, as exemplifideigare

2iError! No se encuentra el origen de la referengidigure3 shows an example of selective energy application to rock

type. For that, RIOBLAST includes a new modulus that allows to assign an explosive density to match the rock condition
along the bladtole (as from the ’Rock), considering the drill pattern, with the goal to obtain a specific fragmentation

size that will optimize both digging and comminution rates.

Selective Charging
OO N~ (G g P AT TR P 0 ..
._«§ 9s °8$g ‘.)fg\tu_. " ' ik

Borehole Loading Profile

Legend I
SR
105 12/
M os -1,05¢/cc
<08 g/cc
W stemming ‘ l I

Figure3: Example of the adjustment of density of #wplosive according to the characteristics of the rock obtained with-fReck

! Waste

Size (mm)
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Information of the explosive amount (kg), densities (g/cm3) and energy (Kj/kg) along of the hole, together with the
borehole geometry and conditions will be later exporteaither *.cvs, *.xIsx or *. XML format files to be imported into
DEQ Data Lake.

3.1.1.4.2 URM-M

Measurements of velocity of detonation (VOD) will be downloaded with the Datatrap software manufactured by MREL.
MATLAB will be used for the determination of the velodfyvOD and the calculation of detonation pressure from
pressuretime histories.For more details on the input data refer to Deliverable 3.1.

3.1.1.5 Blasting Results Control through-site novel technologieKTA1.4)

3.1.1.5.1 MAXAM

Systematic quality control processesrithg drilling and blasting operations must be carried out by collecting and
RAGAGIEATAY3 FASER RIEGF 2F GKS RAFTFSNByY(Od SFNARIFIofSkadl 3
Tools will be implemented developed on site and custohiioe quarries:

1. RIOBLAST

A 3D blast design and simulation software specially developed to help blasters and engineers to add value in their daily
works thanks to its simplified and intuitive interface, offering the possibility of desigamalyzing, and simulating
different blasting configurations according to real rock characteristics.

« User-friendly interface

@ Built-in 3D design environment

ﬁ E Multi-density loading possibilities
Eni Electronic timing design

Q Advanced simulation modules

Q Integration with BLAST CENTER

Figure4. RIOBLAST Software for blast design and simulation.

2. MAXAM BLAST CENTER

A cloudbased hub that enables the fudigitalization, management, traceability, and analysis of blasting services. It
AYGiSaNI GSa G(KS Yz2ad y20St a! - !-ogyér arkl WAukki fo fensuiie2a2relidble & dzO K
AYGSaANIGAZ2Y 2F RAFFSNByYy (G (SEnkgy fofutbasA OF f O02YLR2ySyida 27F a
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:_[Qg Integrates Fleet Management system

Blast-related data handling, storing, sharing
and analyzing

a Create Personalized Reports
d}] Data Integration with customer's systems

Q Continuous evolution (import third-party
data, adapt to customer’s needs)

Figure5. MAXAM Blast Center is a digital platform.

3. XLOGGER

A secure, efficient, and uséiendly portable device application to collect, verify and update drilling and blasting data
on the bench. As fundamental part of MAXAM Digital Tools| RGGER brings the opportunity to easily digitalize vital
information for a sustainable blasting optimization progranihen using X.ogger, all the information is transferred in
real time to Blast Center, this evércludes a new borehole that has been created in the field and was not in the original
blast plan. The system allows for multiple devices operating simultaneously, includingaffode communications.

Easy, quick and user-friendly

Track design and actual data in real time

Data synchronization with BLAST CENTER

Access to current or previous blasts

Status visualization of each blast

Offline operation mode

Multilanguage capability

Figure6. XLOGGER, ajtp actual data collection.

4. XTRUCK

La GKS ySg 3ISYySNriAzy 2F a!-!aQa FdzZfe RAIAGIEATSR az2o
optimizing loading operations with retime data exchange and transparencel RUClhtegration with MAXAM digital
environment via Blast Center allows designed loading plans to be accurately executed in the bench, andlactdetlas

data be remotely reported in real tim@&he possibility to collect information from the truck is not rdatory to develop

the QA/QC program; however, it can be discuss the adaptation of the truck used during the trials for this capability.
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* Smart loading operation as per designed
( ) Synchronize loading data in real time
s Remote access on truck status

d]] Truck activity and GPS positioning

= Selective loading capabilities

x Predictive maintenance

Multilanguage capability

Figure7. X-Truck. Digitalization and integration of MSUs.

Systematic quality control procsss in blasting operations ensures the correct compliance with the international
standards of the explosives application, optimizing the use of mining resources to achieve the target results. Once each
blast has a detailed loading plan, with precise spestifons regarding to the quantity and density of the explosive,
powder factor, charge and stemming length, among others, MAXAM will keep a control of the main quality and
performance indicators to ensure the compliance of the blasting specificationsinfdrisiation will be later exported

in either *.cvs, *.xIsx or *. XML format files to be imported into DfQata Lake and to correlate with blasting results to
optimize fragmentation and digging and comminution performance.

3.1.1.5.2 UPMM

Acomprehensive list of the measurements that will be made before and after the blast is included in Deliverable D3.1.
Images collected from drone flights at different stages (e.g., before the blast, immediately after the blast, and after
mucking)it will be processed with BlastMetrix UAV module (3GSM) to develop the 3D models before and after the

blasts. The coordinates of the actual borehole path and the resulting point clouds from the 3D modelsawalyzed

with BlastMetrix software (3GSM), quarry Xe¢&oncept) and the opesource software, Cloudcompare. From them,

the blast characteristics, like volume of rock broken by the blast, drilling pattern, hole deviation, bench height and

subdrill length, among others will be calculated.

The 3D models of tahmuck pileswill be analyzed with a fragmentation analysis softwarey., Split desktop (Split
Engineering) or Fragmenter (3GSM), to obtain the size distributions curves. The amount of material at the bypass of the
crusher provided by the belt scale diat location will be used to calibrate the size distributions.

Measurements from geophones in the near field willdrealyzedand processed with MATLAB to calibrate the semi
analytical fullfield solution model. For this, detonation pressure measuremavilisbe an input to simulate the shock
pressure acting on the borehole walls.

3.1.1.6 Drill-to-mill (D2M) concept implementatiofiKTA1.5)

3.1.1.6.1 MAXAM

Overall (drill to milg D2M) assessment will be defined. Based on the rock characterization and drilling QAQC, the best
blast configuration (explosive typeharacteristicsand timing) will be customized to optimize rock fragmentation
(homogeneous and desirable particle sizejick piledigging efficiency indicators and comminution performance data,

all of them integrated in an overall cost/efficiency analysis to definebthsting that optimizes the operation. For that,
close collaboration with the development of mobile machinery sensors for digging and hauling to extract information
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and relevant parameters will be key. This will be used to define new blasts during a séastimy campaigns in Hanson
where the model and methodology developed will be validated.

The output of this section is still to be define but information will be exported in any format to be imported into DEQ
Data Lake

3.1.1.6.2 SANDVIK

Drill rigs will be usedsadata source foprocessing and throughput modellingWD data input with refine@nd specific
drill rig output ugsthe means defined in Section 3.1.1.2.2

3.1.1.6.3 ABAUT Mass flow and loading haulingg dumping activities

Abaut will installAbaut Edge [sensor device consisting in sersotienna,and power supply] andbaut mView [camera
system formobilemachinery consistingf@acameraa holder for thecabinandapower supply] in the mobile machinery
of Hanson in Valditha. More details about the use and components will be describ8dLid.7 The information that
will be provided for the D2M Concept will be:

- Cycle times: Split according the machineSactivities. Loading, unloading, driving loaded, driving unloaded,
idling loaded, idling unloaded. All the times of the cycle activity will be in seconds.

- Loading / unloading positions and material flow: Loading unloading positions according its location in
the quarryin the cartographicsystem WGS84. In addition to the coordinate system, a geofence system will be
created foralso havingthe corresponding working name of the area [e.g., Bench 1, Crushe}, €he
information shared will beisedto create a fulinass flowreporting and monitoring system that can track each
single truckloading machinand tonnage fronits originuntil the dumping point.

3.1.1.6.4 UPMM

The fragmentation energfan principles will be employed to predict fragmentation from blasting using rock mass
properties {.e., number of natural fines, spacing between fractures, orientation of discontinuities with respect the
highwall face, IBSD distributions), blast characterssti.e., drilling data, explosive energy per hole, and timing), and size
distributions from blasting. This will provide a tool to control fragmentation and define the optimum drilling parameters
to optimize downstream key performance indicators, like maglkefficiency, energy consumption at the crusher, and
amount of product fractions with higher prices. For this, minimization routines programed in MATLAB will be used.

3.1.1.7 Monitoring sensors and analysing tools both for Mobile Machinery in Loading &Trarasmbfor
the recognition of worker¢KTA3.2)

abaut, as explained ir8.1.1.6.3 will installthe patented abaut Edge sensor systeamd mViewsystemin the mobile
fleet of Hansonlt consiss of sensor Edge devicantenna,and power supplyThe systentan be installed in any mobile
heavy machine without the need of any retrofit kits and is independent of the lagand, and model of the mobile
equipment.

Figure8: abaut Edge sensor system
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The camera systembaut mView will be installed in the cabin of thmobile machingroviding a similar viewas the

one the operator hasAbaut mView igpoweredover ethernet [PoE] and is installed at the front wirghieldwith the
specialholder forthis purpose.

Figure9: abaut mView
The data sent by the camera and sensor is automaticallyyaedlby the expert system @baut andwill provide

analytics and rereate thequarry activities in the digital twirof Abaut analyticsthe cloud base Analytichat Abaut
develops as Expert Systeknalytical tool

E50001.00_Starting_Page

Contact information: Diego Laza Martin S ,‘—
€-Mail: diego lazamartin@abaut da | Tel.: «43 881 202 58382 AN e—

i Valdilecha - Hanson Hispania SA.
S

Production [Tons] ... more details

Map ._more details

Working Areas at the Quarry

Production by Loading Areas [Tons] __mora detass

FigurelQ: abaut Analytics
Analytics consists in 4 modules
- Production Mass flowOrigin and destination of the internguarrylogistics and production

- Analysis ofnefficienciesPossibility tadentify the different bottleneckat the transport routesand idling times
of all the fleetby duration,location,andmobile machineThe camera data will help to understand thierking
environmentand take actions according tbe affections detected
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- Fleet PerformanceDetailed analysis of cycle timgwpductivity,availability,and machinery utilization
- Reporting:Module dedicated to reporting andata sharing

The access to the first 3 modules will be doneWser¢ Password credentialgia web application. The last module,
Reporting,can alsantegrate a VPN optigrthat allows toautomaticallysend somepredefined reports [e.g., Internal
Logistics; Transportsdirectly to thedata lake, 1QS or to theporting system of theuarry.

For more detailsegarding the completénput-Output feature list, pleasego tothe Appendix sectioincluded atD3.1
Definition of requirements and characteristics of the data inputs

In the image belw, internal data flow of Ad | dziéxPert ystemis possible to observAd | dzifld®a fléw system,
starting from the generation of the dataaAbautEdge & mView, the analysifthe data generated and thiategration
in the 1QS/data lake system of DigiEcoQuarry

On the field Expert system of abaut 1QS environment
1. Loose integration
2. Tightintegration

Processed data Main Platfom
Reality Capturing Device (analytics, images) (incl. Data Lake and 10S) for
(mobile equipment) Near real-time Expert System other applications.

Possibility to have the VPN

%‘/ - NoSQL data base connection to the SAP
gk~ Raw data Al/ML algorithms General info system of the mining
& (standard set of sensor data, Analytics module (site map,

; company for directly
images) working a reporting

3. Loose integration

Access to web-cloud base Frontend for quarry users
analytics via individual for visualization purposes
credentials

Figurell: A6 | dzExpe#tSystem internal data flow

3.1.2.1 Inventory of the existing ICT assets

The following table provides a hidével view of the expert systems, interfaces, contents summary, format, data
sharing YR LI NIYSNE Ay@2f SR 6AGKAY GKA&A aAirisSe LG Syl ofSa
have a detailed vig of the data.

L Shared data with
System Description of | Interface Content Format | Shared data
Expert the function type through
provided
) . . BMT
Vicat Quarry API/Manual | Historical data xls Data Lake SIGMA: Metaquarry
Expert management upload and duction d APP '
Systems | system: Store | download Production data ABAUT: abaut Analytics
and and Upload data Water consumption dat METSO
reporting
tools General information data ARCO
Documentation for Metaquarry
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. Shared data with
System Description of | Interface Content Format | Shared data
Expert the function type through
provided
—_ —_ . VICAT
Arco Store weighting| API weighting data json Data Lake BMT
Expert data APP
system
- VICAT
Maestro/ REST API Production data Json Data Lake BMT
QProd APP
(Not  yet
agreed at
this stage| Store
of the | production data
project, to
be
confirmed
)
. VICAT
Metso Store Rest API Noise data csv Data Lake BMT
/Metrics production and .
environment Manual Production data APP
KPIs upload Running hours data
Fuel consumption (effective an
non-effective)
. . VICAT
Abaut Store data. API Recognition  of  activitieg csv Data Lake BMT
Analytics results data. APP
SIGMA: Metaquarry
. L VICAT
BMT Generate, store| manual Dynamic and static view of dat|{ pdf, xIs | Data Lake
and share| upload and KPIs shared
reports and
dashboard
3.1.2.1.1 Data flow

The following diagram depicts the data flows between the partners or systems within this pilot site.
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Retrieve KP|s, reports, data

| IStore production and environment KPI Store/Uplogd production data
Metso

Vicat ES

Store

Store DataStore-Production
Data-Water
DataStore-Production-Running DataStore-Noise Consumption
hours-FuelConsumption

A 4

Retrieve KPls from Expert Syst
Store weighting data l etrieve KPls from Expert Systems .
Arco T DEQData | Store reportsivisualization/pdf
ake -
A
| | DataStore-Weighting Data DataStore-BMT

Store results Retrieve data

Abaut

{l

DataStore-BIM

Retrieve metaguarry- corpus
SIGMAUPM-AL

Figure1l2+ A OF 1 Q& 5+ Gl Ct2¢ S5AFIANIY

Within its data lake, Vicat will store historical data and production data related to the production of material and water
O2yadzyLliA2y 2y | RIAt& 2Nl Y2y (iKfeé o6lFl&Aad ! RRAGAZ2YIE RI
FNRY ! wAKQAYHFSAadiSYyr aLISOATAO LINRBRdAzOGAZ2Yy RIEGE FYyR Sy
system will also be stored. This data will be available, according to their rights, and usable by external partners. As such,
Lol dzi gAff NBG NBr@aidh. AbautOvll dt@ein réBn/ Bdddnition of activities results data.

Sigma/UPMAI will retrieve dataset from Vicat to run their Metaquarry tool (NLP information and document search
engine) The business management tool will retrieve KPIsdpgse Business management dashboards. APP will also
retrieve data from the data lake for their BIM solution. Vicat will take advantage of its data lake by retrieving KPIs,
reports and processed data which will bring added value for the management of treyqu

3.1.2.1.2 Data model

After a first analysis of Treatment plant production provided by Vicat and Hamserfollowing diagram shovtise first
version of the data model deducted from data provided by Vicat.
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‘dm Database Maestro Treatment_Production

) Product_Family =]
site =
«column»
«column» “PK.id:integer
*BK id:integer “FK. site_id: varchar(15)
) Z * site idvarchar(15) = family_process:varchar(50)
Sequence Site nextvall'Site_d_seq’) | *  nameswarchar(s0) | i gie 4FK_Product_Family_site | *  Produet_name: varchar(s0) Product_Family.id = nextval(Produet_Famiy e S edec s
= = = machine_name:
'SEQUENCE S#e_id_seq auser g site.site_id = Product_Family.site_i wusen ‘SEQUENCE Product_Family_id_seq
PR Sitelinteger) i
o + FK_Product Family_Site(varchar)
+  UlSitelvarchar) windexs
. + IXF_Product_Family_Site[varch=r)
+ DX Sitelvarchar) s
B + K Product_Family(integer)
Sequence_Consumption_Daylndicators —
+P_Product_Family
SEQUENCE Consumption_DayIndicstors_id_seq
/\ bduction.trestment_id
A
i
X d=frexval _Day ndiators_d_seq)
wuser 47K _Production_Product_Family
! - e @

= Production =] Production_Dayindicators B

Consumption_Dayindicators

«column»
*PK id: integer

acolumns
*PK id: integer

*FK treatment_ integer =
*FK production_id: integer o ’mw,ga production_day: timestamp.
* consumption_day: timestamp +#K_Consumption_indicators_Production  +PK_Preduction | 7 *  start_production_time: timestamp
i _F F start_production_period: timestamp +PK_Production +FK_Production_Indicators_Production
- - numeric(10:2) - - - - * end_production_fime: timests
ETE il *  end_production_period: timestamp . :Hljrﬂh » mn’(lmt e asp
ndi o = Production - ailure_hours: integer
«FKn ndicat ction_d = Product Production. 1L production_id
«Fn
vk tion_Dayindicators_Production(integer) o
o eninteeer +  FK_Production_Product_Family(integer) N
. +  FK_Production Dayindicators_Production(integer)
cindens
+  IXFX_Consumption_Daylndicators_Production(irte ger] windexn
R =T clionfnteer +  IXPK_Production_Product_Family fnteger) < .
Pk - +  IXFK_Production_Indicators_Production(integer)|
+ PK_Consumption_Dayindicators(integer] s

+  PK_Production(integer)

+  PK_Production_Indicatorsfinteger]

+PK_Consumption_DayIndicators !

Producton.i

|
nextvallProduction_id_seql)
' Production_DaylIndicators i

i
nextval(Production_Day Indicators_id_seq)

Consumption_Day Indicators.id = Cons{imption_HoursInd cators consumption_dayindicators_id

«usen |
i "
I I
‘ v
Sequence_Production Sequence_Production_Dayindicators |2
+FK_Consumption_HoursIndicators_Consumption_Dayl
SEQUENCE Production SEQUENCE Production_DayIndicators_id_seq
Consumption_Hoursindicators =]
«column»
“PK id:integer

*FK_ consumption_dayindicators_id: integer
*  consumption_hour: timestamp i . 7
*  water_consumption_hour: numeric(10,2) i d=nedval’ _id_seq) SR S
= water_recycled_hour: numeric{10.2)

wuser 'SEQUENCE Consumption_Hoursindicators_id_seq
K
+  FK_Consumption_Hours Indicators_Consumption_Day Indicators (integer)

«index»

+  IXFK_Consumption_Haursindicators_Cons umption_Dayindicatorsfinteger)
«PK»

+  PK_Consumption_Hoursindicators(integer)

Figurel3: "Treatment / Production" Data Model used in the Data Lake to be compliant with VICAT / MAESTRO Data Structures
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The following figure shows the database creation scripts:

USE DATABASE PostgresSQL; CREATE TABLE public.’ ators"
¢
/* Drop Sequences */ id integer NOT NULL,
DROP SEQUENCE IF EXISTS public."” CHSCADE production id integer NOT NULL,
DROP SEQUENCE IF EXISTS public." production day timestamp without time zone NOT NULL,
DROP SEQUENCE IF EXISTS public." start_production time timestamp without time zone NOT NULL,
DROP SEQUENCE IF EXISTS public." end_preduction time timestamp without time zone NOT NULL,
DROP SEQUENCE IF EXISTS public." failure hours integer NOT NULL

CASCADE;
CASCADE;

DROP SEQUENCE IF EXISTS public." : = CASCADE; 9
CREATE TABLE public."Consump
/* Drop Tables */ It
DROP TABLE IF EXISTS public. CASCADE - -
DROP TABLE IF EXISTS public. - = lfoéﬂiigzi Tgri?tj:Lér NOT NULL
DROP TABLE IF EXISTS public. P .= 4 .q 'th’ + ti
DROP TABLE IF EXISTS public. CASCADE; consumption c ay.tlmestamp w.'l._ O“, tlme zone NOT NULL,
DROP TABLE IF EXISTS public. CASCADE; energy_consumption_day numeric(10,2) NOT NULL

DROP TABLE IF EXISTS public. )] " CASCADE; ’
- CREATE TABLE public."Consumptilon HoursI
/* Create Tables */ [ o
CREATE TABLE public."Site" id integer NOT NULL,
It consumption dayindicators id integer NOT NULL,
id integer NOT NULL, consumption hour timestamp without time zone NOT NULL,
site id varchar(l5) NOT NULL, water consumption hour numeric(l0,2) NOT NULL,
name varchar(50) NOT NULL water_ recycled hour numeric(10,2) NOT NULL

) )
CREATE TABLE public.” uct_Family™
IS

id integer NOT NULL,

site_id varchar(15) NOT NULL,

family process warchar(50) NOT NULL,
product_name varchar(50) NOT NULL,
machine name varchar(50) NOT NULL

duction”

CREATE TABLE public."”
It
id integer NOT NULL,
treatment id integer NOT NULL,
tonnage integer NOT NULL DEFAULT 0,
start_production period timestamp without time zone NOT NULL,
end production period timestamp without time zone NOT NULL

)

/* Create Primary Keys, Indexes, Uniques, Checks */

ALTER TABLE public. e ADD CONSTRAINT " ' PRIMARY KEY (id);
ALTER TABLE public. e ADD CONSTRAINT "UT Site' UNIQUE (Siteiid),‘
CREATE INDEX "IDX . ON public."Site" (Siteiid ASC) ;

ALTER TABLE public.”
CREATE INDEX "IXFK |
ALTER TABLE public.
CREATE INDEX "IXFK |

7'anily” ADD CONSTRAINT "F
1y Site" ON public.”
n'" ADD CONS'I‘RAIN'I‘ "PK_

_Family" PRIMARY KEY (id);
1 (site_id asc);

PRIMARY KEY (id):
‘tion" (treatment id ASC);

ALTER TABLE public.
CREATE INDEX "TXFK
ALTER TABLE public.
CREATE INDEX "IXFK |

" PRIMARY KEY (id);
(production_id Asc);
PRIMARY KEY (id):
;" (production_id AsC);

ALTER TABLE public.'
CREATE INDEX "IXFK |

PRIMARY KEY (id) ;
s" (consumptlon daylndlcators id AsC);

/* Create Foreign Key -onstralnts x/

ALTER TABLE public. ct Family" ADD CONSTRAINT "F
FPOREIGN KEY (site id) REFERENCES public."Site"

ALTER TABLE public."” on'" ADD CONSTRAINT "FK
FOREIGN KEY (treatment id) REFERENCES public.’

ALTER TABLE ]

FOREIGN
ALTER TABLE ic."Co on_DayIndic
FOREIGN KEY (productlon id) REFERENCES publ:u: " n" (1d) ON DELE'I‘E Restrlct ON UPDATE Cascade

ALTER TABLE public."C I on_HoursIndicators" ADD CONS'I‘RAIN'I‘ "FK_C
FOREIGN KEY (consumptionidayindicatorsild) REFERENCES public.'

sumption DayIndic
(id) ON DELETE ' Restrict ON UPDA'I‘E Cascade;

/* Create Sequences */

CREATE SEQUENCE Siteiidiseq OWNED BY Site.id;

CREATE SEQUENCE Product Family id seq OWNED BY Product Family.id;

CREATE SEQUENCE Production id seq OWNED BY Production.id;

CREATE SEQUENCE Production DayIndicators id seq OWNED BY Production DayIndicators.id;
CREATE SEQUENCE Consumption DayIndicators id seqg OWNED BY Consumption DayIndicators.id;
CREATE SEQUENCE Consumption HoursIndicators id seq OWNED BY Consumption HoursIndicators.id;

3.1.2.2 Innovative mobile crushgKTA2.1)

Metso Outotec will deliver a LT1213SE track mounted mobile horizontal impact crusher with innovative features to
+L/ !¢ LAE2G aAiSe® LYy RRAGAZ2Y (2 & NédgRehdink goyidr &nd criRtteri | | y
speed, new noise sensowill beinstalled,and thus new noise data will be available. Available noise data will be:
measured aveighted sound pressuree(g., 15-minute averages), measuredwaeighted sound pressure for faitle
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computer), all shared data will be transmitted to the DEQ data lake system. This data can then be utilized in different
ways for both offline and online analysis. The data shared to the 1QS will be treated onboard the nbachiieh the

required format. The shared data is separate from data utilized by the automation system of the machine. The data
flow from the onboard computer is described in the following figure.

LT1213SE CAN
bus

Internal use
/‘l_ Y /',ﬁ
D collected data
data to collect Collect data Processing on site
. S/ N
selected s 1as

LT1213SE noise
SENS0rs

Figurel4: Metso:Outotec LT121SE data flow to IQS
3.1.2.3 Devices for automation of treatment plants and storage facilii€¢EA3.1)

Arco Weighing system can weigh material in fibmougha bridge installed on a conveyor belt.
AP-DEQO7: Integrated weighing

Control of production at thelifferent points of transport by conveyor belts. Performs static weighing measurement and
belt speed measurement.

This equipment has:

Web server for configuration from any device.
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Realtime display.
Calibration and adjustment of equipmen

We get the information regarding the quantity of material we are processing in real time and the material produced in
a determinate time, and we store the data to be consulting from other devices in any place.

Readings
Adjustment
scale
Presets

Ba:
Ba:
Ba:
Ba:

TCPNP

E‘ D © Arco Electrénica S.A. 2013. All Rights Reserved
e

It is possible to connechultiple devices to work together in the same process.

Conexion en estrellla Conexion en anillo

WEB SERVER

Conexion tipo BUS con
conexiones en estrella

It is advisable using the system connected to the computer to increase the performance, display the data in an extensive
format, and enjoin the Arco Monitor serves.

ARCO MONITOR WEB

hmc&momrmwm Proceso Informes  (Miles  Usuarios

L C—
MANUAL MANUAL AUTOMATICO MANUAL

A Procesar [N Ko A Procesar [ ¢ A Procesar [N L A Procesar K -
Produccién Parcial [IIEEI « Produccién Parcial G ¢ Produccion Parcial G « Preduccién Parcial [ ¢
Produccién Diaria [JEEEN « Produccién Diaria [JEEEN Produccién Diaria [JEEEN ¢ Produccién Diaria [JEENN ¢
Caudal instantaneo Caudal instantineo Caudal instantaneo Caudal instantineo

| 0.00 L 0.00 EeTE T </ I Ko/s9 | 200.00 R 200.00 LR I+ I /59
Caudal Acumulado Caudal Acumulado Caudal Acumulado Caudal Acumulado

|_0.00 P 0.00 el | _0.00 LR 000 DETEE |_0.00 Ry 0.00 [ | _0.00 Ry 0.00 RPUVEE]
Velocidad [N m/sg Valocidad T m/so Velocidad EINE v/so Valocidad [N v/so

Peso instantaneo K Ko/m Peso instantaneo [ wa/m Peso instantineo [N tb/y Peso instantanco [ Lb/y

MANUAL MAMUAL

A Procesar [ Lb A Procesar [IIEGE Lk

Produccién Parcial [JIEEEN ¢ Produccién Parcial [JIEEEN ¢

Produccisn Diaria [N « Produccion Diaria [ +

Caudal instantaneo Caudal instantaneo

I ¢ T /5 N </ I /5

Caudal Acumulado Caudal Acumulado

|_o.00 LI o.0o PRVER | o.00 ] o.00 [REH]

Velacidad XN v/=9 Velacidad [N y/ss

Peso instantineo [ Lb/y Peso instantinco G Lb/y
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The ArcaMineral Platinum application provides access to production data and status of weighing equipment integrated
through WebServices. In order to access the WebServices, the Industrial PC where the application is installed must have
an Internet connection.

Arcosystem will provide access to instant data and to production data using\fNe
The following rules give an example of how to connect and access accumulated production data per day:
The date format is YYYAM-DD

A GET request tottps://demo.arcoelectronica.es:8090/resources/produccion/26@221 must be performedthe
date is added as a parameter) and usinfoken:mSbRLMWNmMu7/WSU71xCMomUbIAjWIOXOYwvGrNByg44

A json response like the following is returniecthe following format:

[{
"DEVICE"PFI1",
"DATE!"2022-05-21",
"TURN1_AUT1344.22,
"TURNZ2_AUT5405.41,
"TURN3_AUT'3419.2,
"TURN1_MAN'314.22,
"TURN2_MAN'425.41,
"TURN3_MAN'439.2,
"TOTAL"11347.66

h
{"DEVICE"P}2",
"DATE!"2022-05-21",
"TURN1_AUT344.22,
"TURN2_AUT405.41,
"TURN3_AUT419.2,
"TURN1_MAN"14.22,
"TURNZ2_MAN'"25.41,
"TURN3_MAN"39.2,
"TOTAL"1247.66

1

Description of thdields.
DEVICE Integrated weighing identifier
DATE Production date
TURN1 AUT Tons accumulated in turn 1 with the team in automatic
TURN2_AUT Tons accumulated in turn 2 with the team in automatic
TURN3_AUT Tons accumulated in turn 3 with the teamantomatic
TURN1 MAN Accumulated tons in shift 1 with the equipment in manual
TURN2_ MAN Accumulated tons in shift 2 with the equipment in manual
TURN3_MAN Accumulated tons in turn 3 with the equipment in manual
TOTAL Total tons of the day
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Abaut will install abaut mView module in Vicat for analyzingiyipe of material that has been sent to the plant on each

truck.

The idea is to identify in neaeakHime the type of material transport and if this material contains any kind of pollutants
[e.g., plastics, woods or steel bars between the matehiat is going to berocessedican affecthe different processes

at the processing plant.

At VICATthe cameramodule mViewwill transmit the data generatetb the expert system of abaufThe information
will be analyzed and then displayed in Analytics feraialysis and decisiemaking step. This step is still under
development and right now is only possible to offgeraliminarydata flow system that will be tested at VICAT

On the field

Reality Capturing Device
(stationary point)
abaut mView,

Cos

Near real-time

Expert system of gbaut

15
25

Raw data
(standard set of sensor data,
images)

Access to web-cloud base
analytics via individual
credentials

Expert System
abaut Analytics

NoSQL data base
Al/ML algorithms
Analytics module

Loose integration

Tight integration
Processed data
(analytics, images)

1QS environment

General info
(site map, si

3.

Frontend for quarry users
for visualization purposes

Loose integration

Figurel5: A5 | dzdataWaiv system in VICAT

Main Platfom

(incl. Data Lake and 1QS) for
other applications.

Possibility to have the VPN
connection to the SAP
system of the mining
company for directly
reporting

The idea is that the user at tlggiarry, will connect to the expert systerabaut Analytis in order to visualize the results
of the data image usintieir personal account that will be created for this purpofbesystem willwork as follows:

The truck will arrive at the processipant andthe system will take pictures from the top of the truelg.,
every2 seconds [or any period of tima] order to get enouglpicture data for detecting the pollutants at the
surface of thepile. The format of each picture taken will be a #P@ they willbe transmitted to thedata base

of abaut.

Once the images aneceival at the data, the AIML algorithm will analyze the picture in order to detect, if it
exists, certain pollutants at the materidlks.g., plasticswoods orany otherresidue$

The results of the analysis will been displayed at theveb cloudfront end system in order to be visualized

Theresponsible person of thguarrycan login at any time to see the resuitsthe computation of the images

The format, refresh ratio of thariages and theccess peod of time of the analysis alreadynot being define The

starting of this activity is planned fdune 2023 so, the main actions are going to take place during the second half of

2022 and not at this ety stage.
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3.1.3.1 Inventory of the existing ICT assets

The following table provides a hidével view of the expert systems, interfaces, contents summary, format, data
sharing/ YR LI NIYSNAR Ay@2ft SR gAGKAY GKA&a aAilsdfeltaiD3g§t6l 6t Sa
have a detailed view of the data.

System Description of the function | Interface type Content Format Shared data | Shared data
Expert provided through with
. . . MAESTRO
Holcim Quarry management system Manual upload | Historical data Xls, doc, | Data Lake BMT
Expert (Store and Upload data) and download ) pdf APP
. Production data not covered b
System: SIGMA
SAP scada system
General information data
Datasets Images of quarl
stockpiles
. . . HOLCIM
MAESTR | Provide production data REST API Production data Json Data Lake BMT
O SCADA APP
o Maestro  scada  systen 1  Processed aggregates
Productio | €nables access to Holci SIGMA
n production data from this f Salable aggregates
site: : ;
Production rate index
https://demodeq.quarrycont T
rol.com q REE
to enable data visualizatiol 1  Fresh water
and comparison with actualg
. . L ) . HOLCIM
Abaut Provide a risk map activitie| Abaut Analytics| Data sets Propriet | Abaut
Analytics | of workers in the surrounding web interface Risk ary analytics
of mobile machinery ISk maps system
. L HOLCIM
MINTEK: Manualupload | Studies, optimization results | xls Data Lake
IDEAS Store optimization resultg
Andritz
SW
. Lo HOLCIM
BMT Generate, store and shar{ manual upload | Dynamic and static view of dat| pdf, xIs Data Lake
reports and dashboard and KPIs shared
N B . HOLCIM
Arco Store weighting data API weighting data json Data lake BMT
Expert
system

3.1.3.1.1 Data flow

The following diagram depicts the data flows between the partners or systems within this pilot site.
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Retrieve KPls, report, data

Holcim-SAP-Excel

Store/Upload KPI, Genefal infos

Sap-Extraction-File

Store production dgta and KPls M 0-Q-Production [
SwW
Store optimization results
MINTEK/IDEAS
Sw -
Holcim-Maestro-Q-Production Scada-Q-Production
Store -Export Database

DataStore-Crushing
optimization results

Retrieve KPls from Expert System ]

In Retrieve data »

ABAUT - DEPa}gﬂtﬂ i Store reportsivisualization/pdf BMT
Store
Store recognition of DataStore-BMT
DataStore-lmage  activities results data
recognition
activity

Retrieve data )

.
-

BIM

DataStore-BIM

Retrieve dataset

SIGMA/UPM-AI \

FigureleY | 2t OAYQa 51 4G Ct2¢ B5AlFINIY

Within its data lake, Holcimwill store general data and KPIs. The production data will come directly from the Scada
system (@Production) via MAESTRO REST API in a JSON format; this data will be collected and stored daily. Additional
RFEGIFY adzOK Fa 2LJiAYAITWiblkaBo/be bidet.dzhisi data WilNde XvailableyaidcSriling do thir
rights, and usable by external partners. As such, Abaut will retrieve Holcim's general information. Abaut will store in
return, recognition of activities results data. Sigma/URMwvillretrieve dataset from Holcim to run Al services proposed

by their Stockforecast tool (Stockpile volume calculation). The business management tool will retrieve KPIs to propose
Business management dashboards. APP will also retrieve data from the dafierltdedr BIM solution. Holcim will take
advantage of its data lake by retrieving KPIs, reports and processed data which will bring added value for the
management of the quarry.

Note that at this stage of the projedte implementation of the Arco Weighinsystemn Holcim pilot sitehas still to
be agreed In case oAgreement the samemplementationasdefined insection3.1.2.3for Vicatis being considered
for Holcim.

3.1.3.1.2 Data model

Holcim data model analysis is described jointly in Vicat data model s&fich1.2
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3.1.3.2 Models for crushing and screeningtimization (KTA2.2)

Mintek is looking at building an online simulation tool that can mimic the gealkryin a pilot plant to develop and
optimize its respective functions in real time. Holcim and Mintek are in communication for sample provision, plant
flowsheet developmenand PSD measurements. Tasks of Mintek involve determination of both breakage and screening
functions via experimental measurements on a pilot plant that resembles their flowsheet, validation of each function
IFAYSR 0@ aAyidS|Qa |Ldfiohguiiestt F yG |y R FdzNIKSNJ &AYdz

The data communication between Mintek and Holcim will take place through the Cloud and the intention is to store the
data within the Data Lake and made available to the consortium parties interested. Optimization approach is performed
usingIDEAS Andritz (3rd party software). The input and outputs (data geolocation, flow of information, etc.) is exported

to excel as a medium software. Excel has easy communication with IDEAS and a server computer will be placed at Mintek
to conduct the simuldabn work.

In simulation studies, the breakage and work index functions will be incorporated to IDEAS simulation of the pilot plant
and then will be calibrated against the experimental data. Once it is established that the simulation results are well
compamble to the plant operational parameters, the simulation will lge scaledo real quarry flowsheet. Here the
incorporation of breakage and screening functions will validate the simulation against real plant results. In each case,
the model needs to be dakated only if there were discrepancies faced. The data need to be transferred from IDEAS
simulation to a local interface. This needs to follow a constant communicational link that will eventually play the transfer
bridge role from IDEAS to global intaréa Here, the link will direct the results to an excel file upon running of simulation.

Last stage involves development of client interface, internet communication and machine learning from global
database. Here, the sole responsibility is to establislv@way communication between client and software that new
optimal plant parameters are suggested via minimizing various objective functions. This can eventually lead to extensive
interpretations around maximum profits, minimum energy requirements, minimeost associated with the plant
running, size establishments and further details.

This will enable the engineers gfiarryto suggest new parameters on their digital interface whereby the numbers will

be sent and treated by the software connected to databasd suggest the optimum conditions with minimized errors.

3.1.3.3 Devices for automation of treatment plants and storage facilities (KTA3.1)

Ma-estro will provide a web portal that permits to manage the data directly from a PLC or an industrial PC. Thanks to
GKA&E aeéaasSy Ad6Qa LRaarotsS G2 KIYyRtS Ylye RIEGE A GAYAY:
This kind of technhb2 38 KIFa KA3IK LISNF2NXYIyOS IyR FtSEAo0AfAGET | YR
commands to the plant and machines. At the begin, the sigratsefrom sensors and reach the PLC. This tool elaborate
instructions and communicate with dnethernet protocol with an industrial PC. Thanks to a moderarointernet

network the PC send the data to Mgtro's cloud and then the system replies data and instructions. The communication
between this software and the Data Lake (AKKA) it is possithieAPI services.

A simplified form of authentication is used through a-steared token called gcwDeviceld. The token can be any string
usually we use an MD5 hash in ASCII format for example:

DO66EC6360FC1EAD2581AF031F2B39FD71B78FF751EAC409C8E2608B32909E2

This authentication mode allows access only to a reduced part of the API, for interconnection wiyp&RBftware
or other third-party systems.

Reading of production data
Call: /gpcDB/gpcgetdatainfo [GET]
Returns an object in JSON format that congaiimformation about the available data.

The required parameters for this call are:
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gcwDeviceld (string): authentication token

idRisorsaConfiglmpianto (string): identifies the system from which to take data the string is defined by MaEstro at the
time of installation usually "Plant1" is used for the first system "Plant2" for the second and so on.

E.g:

https://customername.quarrycontrol.com/gpcDB/gpcgetdatainfo?gcwDeviceld=12346&idRisorsaConfigimpianto=Pla
ntl

The result is a JSON object.

Theinteresting parts of the object are the production data range: ProductionDatelnterval and the flag that assure that
the production database is correctly initialized DBlInitialized = true.

Call: /gpcDB/gpcproduzionedettagliogiornate [GET]

Returns a string idSON format that contains an array of objects, each one represents a single production data record
for the selected plant as described below.

The required parameters for this call are:
gcwDeviceld (string): authentication token

idRisorsaConfiglmpianto (81g): identifies the plant from which to take data the string is defined by MaEstro at the
time of installation usually "Plant1" is used for the first plant "Plant2" for the second and so on.

datareport (string): contains a date in YYMM-dd format (ex:2020:02-06) which specifies the day for which the data
are desired.

The optional parameters for this call are:

TempoDal (string): contains a time in the format HH: mm: ss (ex: 09:11:33) which specifies the time of day from which
you want the data.

TempoAl(string): contains a time in the format HH: mm: ss (ex: 09:11:33) which specifies the time of day to which you
want the data.

E.g:
https://customername.quarrycontrol.com/gpcDB/gpcproduzionedettagliogiornate?

gcwDeviceld=12346&idRisorsaConfigimpianto=Rl&datareport=202602-
06&tempoDal=09:00:00&tempoAIl=10:00:00

Call: /gpcDB/gpcproduzionegetperiodo [GET]

Returns a string in JSON format that contains a single object that represents the summary of the production data of the
selected plant over the requiredgpiod as described below.

The data will be aggregated as appropriate. For example, for consumption and production, the data for the period will
0S &dzyd C2NJ 20KSNJ ljdzr yiAGASE &adzOK & F0&a2NLIiAz2zya | yR f

Therequired parameters for this call are:
gcwDeviceld (string): authentication token

idRisorsaConfiglmpianto (string): identifies the plant from which to take data the string is defined by MaEstro at the
time of installation usually "Plantl" is used for thest plant "Plant2" for the second and so on.

dataDal (string): contains a date in YNWM-dd format (ex: 202@2-06) which specifies the starting day for data
collection dataAl (string): contains a date in Y-WNW-dd format (ex: 202@2-06) which specifig the last day for data
collection
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The optional parameters for this call are:

TempoDal (string): contains a time in the format HH: mm: ss (ex: 09:11:33) which specifies the time of day from which
you want thedata.

TempoAl (string): contains a time in tlfmat HH: mm: ss (ex: 09:11:33) which specifies the time of day to which you
want the data.

NB: The filter per hour is applied one by one on all the days involved, it is useful if you want to analyze how production
varies in the different hours of the giaor divide it into work shifts.

E.g:

https://customername.quarrycontrol.com/qpcDB/qpcproduzionegetperiodo?qcwDeviceld=12346&idRisorsaConfigim
pianto=Plantl&dataDal=20201-01&dataAl=202@2- 06&tempoDal=06:00:00&tempoAIl=14:00:00

Production data format

Theresult of the calls /qpcDB/qpcproduzioneedettagliogiornate and /qpcDB/qpcproductiongetperiodo is a string in
JSON format that represents an array of production data records or an object with an aggregate version of them.

It is a simple object in which eaproperty corresponds to a value of the production data. The Tempo property contains
the date and time to which the data refers.

There are several data, some are simply calculated or cumulative values. The number of quantities and their
correspondences is depending on the plant.

The scale and units of measurement depend on the measured quantity and must therefore be evaluatbgcase
Batch management

Call: /gbcDB/gbcbatchgetlist [GET]

Returns an array of objects in JSON format ttaattains the available batches.

The required parameters for this call are: gcwDeviceld (string): authentication token

filtrioldRisorsaConfigimpianto (string): allows you to filter batches with the string that identifies the system, the string
is defined byMaEstro at the time of installation usually "Plant1" is used for the first system "Plant2" for the second and
so on.

filtroStato (integer): allows you to filter batches based on their status contains a numeric code (10 = All, 11 = Open and
suspended, 0 ©®pen only, 1 = Only suspended, 2 = Only closed. It is optional by default and all)

E.g:

https://customername.quarrycontrol.com/qbcDB/gbcbatchgetlist?qcwDeviceld=1234&filtroldRisorsaConfigimpianto=
Plant1&filtroStato=11

The data that can be interesting are:
Descrizione is the description of the batch.
DataDiRiferimento is an identification date of the batch.

ValoreObiettivo is the target value of the batch (the format, scale and unit of measurement are those specified in the
Object VariabileObiettivd)

1The target variable can be customized on the basis of the available data or theatrerations. It is possible to define
multiple targetvariablesput a batch can always have only a single target.

Settings are objects that represent settingariables linked to the batch2.
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Call: /gbcDB/gbcbatchinsert [POST]

Allows you to insert a new batch in the list.

The call is a POST which must have the request body in thefaswurlencoded format. As parameters it requires:
gcwDeviceld (string): autheication token

idRisorsaConfigimpianto (string): identifies the plant, the string is defined by MaEstro at the time of installation usually
"Plant1" is used for the first system "Plant2" for the second and so on.

stato (integer): batch status (0 = Open, $uspended, 2 = Closed. It is optional, the default is
Open)

descrizione (string): description of the batch

codice (string): batch code (optional)

prodotto (string): product description (optional)

dataDiRiferimento (string): reference date for the batchS® format (optional)

idAziendaCliente (integer): numeric id of the customer's company (optional)3
sorgenteObiettivo (string): source of the target variable. Currently the only supported is "QPC"
(optional)

nomeVariabileObiettivo (string): name of tkerget variable, the target variables available

depend on the system configuration. They are one or more variables that correspond to the production data seen above
(optional)

valoreObiettivo (decimal number): unscaled target variable value (optional)
settings (JSON): variable object array in JSON format for the reference settibgsctod(optional)

Returns a JSOfdrmatted object that contains information about the batch just entered. The format is the same as the
previous call only it contains a singlbject.

Call: /gbcDB/gbcbatchgetdefault [GET]
Returns a JSOfdrmatted object that contains the default batch (if available).

Whether or not to manage the predefined batches depends on the server configuration. Normally the choice of the
batch to be usedsimade by the operator on the system, alternatively it is possible to define a default batch to be used
selected on the web portal.

The required parameters for this call are:
gcwDeviceld (string): authentication token

idRisorsaConfigimpianto (string): iddies the plant, the string is defined by MaEstro at the time of installation usually
"Plantl" is used for the first system "Plant2" for the second and so on.

E.g:

2 As for the objective variables, the settings are also customizable according to need.

3 The company ID can be obtained with the call /coredata/qcwaziendagetlistshort described below.
4 The object for the settings is in the format:

[{"NomeVariabile":"setpoint00","Valore":120},
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{"NomeVariabile":"setpoint01","Valore":450}]

The settingsvariables names depend on the installation, they are in any case fixed and are established at the time of
the plant configuration.

https://customername.quarrycontrol.com/gbcDB/gbchatchgetdefault?qcwDeviceld=1234&idRisorsaConfigimpianto=
Plantl

Returns a J9®formatted object that contains information about the newly entered batch. The format is the same as
the call / gbcDB / gbcbatchgetlist only it contains a single object.

Call: /gbcDB/ gbcbatchsetdefault [POST]

Allows you to set the defauliatch The calls a POST which must have the request body in the savm-urlencoded
format.

The required parameters for this call are:
gcwDeviceld (string): authentication token

idBatch (intero): numeric id of the batch to be set default dome. The id is the one fouhd bbjects returned by the
call /gbcDB/gbcbatchgetlist with the name IdBatch.

Returns a JSOfdrmatted object that contains true if the call was successful, false otherwise.
Call: coredata/qcwaziendagetlistshort [GET]

Returns an array of objects in JSfoNnat that contains the companies available in the registry for
entering the batch.

The required parameters for this call are:

gcwDeviceld (string): authentication token

E.g:

https://customername.quarrycontrol.com/coredata/qcwaziendagetlistshort?qcwDeviceld=1234

3.1.3.4 Monitoring sensors and analysing tools both for Mobile Machinery in Loading &Transport and for
the recognition of worker$KTA3.2)

Abaut will install abaut mViewnodule [see 3.1.1.7for more information]in HOLCIM forecognizing works at the
surroundngs of the mobile machine or certain areas for creatinglédentifyingin a risk mappossible ursafe activity

The idea is to identifyvorkers in the surroundingof mobile machinery or, at the processing plant and integrate this
detectionand analysis in a risk maipat canprovide safety operational information in order to avoid accidefmben
the material that is going to be procesgeran affect the differenprocesses at the processing plant.

At HOLCIMthe camera module mView will transmit the data generatiethe expert system of abauiTheinformation
will be analyzed and then displayed in Analytics ifsranalysis anddecisiormakingstep. This step istill under
development and right now is only possible to offer a preliminary data flow system that will be testfalaZIMThe
idea is touse the samealata flow systenas in VICAdue to the similarityof the activity (magerecognitbn activity).

- GA #101003750 28 Juy 2022




D4.1 Report on IQS ICT requirement
, analysis

DIGIECOQUARRY Dissemination level: PU

On the field Expert system of abaut 1QS environment
1. Loose integration
2. Tightintegration
Processed data Main Platfom
Reality Capturing Device (analytics, images) (incl. Data Lake and 105) for
(stationary point) Near real-time Expert System other applications.
abaut mView abaut Analytics

Possibility to have the VPN

%‘, - NoSQL data base connection to the SAP

NP Raw data Al/ML algorithms General info system of the mining

W (standard SET of sensor data, Analytics module (site map, si company for directly
images) reporting

3. Loose integration

Access to web-cloud base Frontend for quarry users
analytics via individual for visualization purposes
credentials

Figurel7: 6 | ddat@flow system in VICAT

The idea is that the user at tlggiarry, will connect to the expert system, abaut Analytics in order to visualize the results
of the data image using a personal accountttwél be created for this purpose. The system will work as follows:

- Thecameras installed in 2 mobile machinedll take pictures during the working time and in order to get
enough picture data for detecting theorkers at the workingrea

- Once the images are receivat the database the AIML algorithm will analyze the picture in order to detect,
the peopleand machineshat are in that picture or series of picturgs.g.,worker, machine typeetc]

- The resuk of the analysis will be then displayed at the web cloud front end system in order to be visualized
and integrata in the risk map application that will be defidéogether with the rest of the members of WP5

- The responsible person of tligiarrycan logn at any time to see the results of the computation of the images

The format, refresh ratio of the images and the access period of time of the analysis is alotddfined. The start of
this activity is planned for June 2023 so, the main actions argdoitake place during the second half of 2022 and not
at this early stage.

3.1.4.1 Inventory of the existing ICT assets

The following table provides a hidével view of the expert systems, interfaces, contents summary, format, data
sharing/ YR LI NIyYSNA Ay@2ft SR gA0GKAY G(GKAa aiAiSeo LG SylrofSa
have a detailed vig of the data.

System Description of the| Interface | Content Format Shared data| Shared data
Expert function type through with
provided
. S BMT
Cimpor Store and Upload data | Manual Historical data xls Data Lake APP
Expert upload .
S Etem' SAP aﬁd Production data SIGMA:
Y : StockForecast
download | Generainformation data ABAUT:  abaul
Analytics
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System Description of the| Interface | Content Format Shared data| Shared data
Expert function type through with
provided
. . BMT
Cimpor Create and store data | API/Manu | Energy consumption and usage | xIs Data Lake SIGMA
Expert al upload | their mobile machieries and
System: and crushers
KoBotoolbox download
. . ) BMT
Cimpor Store production data | API Production KPIs Standard | Data Lake APP
Expert /Proprie SIGMA:
System: tary StockForecast
Scada ABAUT:  abaut
Analytics
. oo .| CIMPOR
ABAUT Product mass flow Manual Same data as in Hanson pilot site Data shared in BMT
and Standard | Abaut expert
Fleet performance automatic /Proprie | system and in
Reports upload / tary datalake
download
External
transport/logistics
performance
. L CIMPOR
BMT Generate, store and manual Dynamic and static view of data ar| pdf, xIs DatalLake
share reports and| upload KPIs shared
dashboard

3.1.4.1.1 Data flow

The following diagram depicts the data flows between the partners or systems within this pilot site.
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CIMPOR®
Retrieve KPls, reports, data. . N
Store/Upload production data and “1 -
KPI, historical data, general infos Cimpor - IS
| Create |
DataStore-?lﬁ.P Extraction DataStore-KoBotoolbox
iles
SCADA
Store
Store production data [
I | DataStore - Production Data
h 4

Retrieve KPls from Expert System_|

| Retrieve data
-

LN Store reportsivisualization/pdf
ABAUT DEQ Data e

Store
DataStore-BMT
DataStore  Store mobile machineries data
- MM Data

Retrieve data _ |
-

DataStore-BIM

Retrieve dataset

Y

SIGMA/UPM-AI

Figurel8 Agrepor/ A Y LIDatFlow Diagram

Within its data lake, Cimpor will store general information, historical data and production data related to the energy
consumption and usage of their mobile machineries and crushers. In a near future, additional data, such as production
KPIs data, from CiMh wQ& aOF Rl a&adsSy gAftft fa2 o0S &A0G2NBR® ¢KAA
usable by external partners. As such, Abaut will retrieve Y LJgeMdpal igformation; Abaut will store KPIs related to

/ A Y LJ2mdiide rdachineries andlgso reports related to the external transport. Sigma/UPwill retrieve the
necessary historical data from Cimpor to run Al services proposed by their Stockforecast tool (consumption and product
forecasting). The business management tool will retrievis kKé°propose Business management dashboards. APP will
also retrieve data from the data lake for their BIM solution. Cimpor will take advantage of its data lake by retrieving
KPlIs, reports and processed data which will bring added value for the managehteatquarry.

Note that at this stage of the project, the implementation of the Arco Weighing syste@miporpilot site has still to
be agreed. In case of agreemertietsameimplementation adefined in sectior8.1.2.3for Vicatis being considered
for Cimpot
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3.1.4.2 Monitoring sensors and analysing tools both for Mobile Machinery in Loading &Transport and for
the recognition of worker¢éKTA3.2)

The actwities of Abaut in CIMPORre the same ongthan inHANSON. This is due to the idea of replicate and compare
0KS OGAGAGASE bohpuardeNIndéThe Gan priNciplesQEne i@ed is also to create a digital model
of the quarryunder the same rationalgsee point3.1.1.7.

Something important to highlight is that the analysis of thebound logistic will alsbe considered at this task. Abaut
will deploy some light version ébaut Edge in order to analyze teaternal logistic of the delivettyansport service of
CIMPOR. This activity will offer new insights regardingotiveormance of the externdbgistics,and it is interpretation
inside DEQ.

This task hanot started yetand is intended to start ahe beginning 02023 The concept has not been studied yet so.
due to this reasonsinot possible to offer more information.

3.1.5.1 Inventory of the existing ICT assets

The following table provides a hidével view of the expert systems, interfaces, contents summary, format, data
sharing and partners involved within this site. It enaBile § KS ONBIF A2y 2F LAt20 aAridisQa
have a detailed view of the data.

System Expert Description of | Interface type | Content Format | Shared data| Shared data with
the function provided through
CSI Expert Systen| Quarry Manual Historical data Xls, pdf | Data Lake BMT
SAP management upload and Production d 4 KPI APP
system: Store| download roduction data an S
and  Upload General information data SIGMA:  Predictive
data Maintenance
DH&P: SmartQuarry
Primary  Crusherl Retrieve PLC/API Power consumption Data DHP expert| DHP expert syste
Controller process . sets via| system, data
‘ parameters Software Crusher settings API, lake on
(Primary Crusher, Exported files | Engine hours csv demand
Belt scales) (manual
Working hours upload files
Mass or API)
Fuel consumption| Retrieve fuel| API Fuel consumption per machine| Data DHP  expert| DHPexpert system
monitoring data and Enaine h hi sets via| system, data
software (Pandora| €ngine hours ngine hours per machine API, lake on
Soft) csv demand
(manual
upload files
or API)
DH&P Expert Fleet API Mobile Machineries KPIs json Data Lake BMT
System: performance
SmartQuarry monitoring: APP
Store KPIs/data SIG_MA: Predictive
Maintenance
Csl
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System Expert Description of | Interface type | Content Format | Shared data| Shared data with
the function provided through
BMT Generate, store| manual upload| Dynamic and static view of dat{ pdf, xIs | Data Lake (3]

share
and

and
reports

and KPIs shared

dashboard

3.1.5.1.1 Data flow

The following diagram depicts the data flows between the partners or systems within this pilot site.

Retrieve KPls, reports, data... |

i | cskES

y

Export | Store J
Store/Upload production data anyd KPI,

historical data, general infds

l | DataStore-CSI-Export | DataStore-CSI

Store mobile machineries KPJs I

| DataStore-DHP-Export ||Data5t0re—DHP
Y ~ Retrieve KPIs from Expert System
DEQ Data | Store reports/visualization/pdf BMT
Lake -
A J
| | DataStore-BMT
Retrieve data |
DataStore-BIM
Retrieve dat; I
™ * SIGMA/UPM-AI I
Figurel9y / {LQa 5+ {4l Cf2¢ 5AFIANIY
2AGKAY /{L RFOIF 11832 [/ {L Qastoré®hy DHEP. CBI-wil Ktarg geneRalSrdormétion, & k 5 |

historical data and production data. This data will be available, according to their rights, and usable by external partners.
As such, Sigma/URKI will retrieve the necessary dataset from CSI to traimédlels proposed by their Predictive

B - #101003750
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Maintenance tool. The business management tool will retrieve KPIs to propose Business management dashboards. APP
will also retrieve data from the data lake for their BIM solution. CSI will take advantage of its dataylastrieving
KPls, reports and processed data which will bring added value for the management of the quarry.

3.1.5.1.2 Data model
DH&P will implement in their expert system a data model that defines and correlates:
- Plants (here: single plant in expert system)esdatiptions like type, country, customer

- Assets in plant + describing attributes and classifications (like type, OEM, model)

0 Optionally assets can be furthermore split up into sudmponents.
- tFNYYSGSNI RSTFAYAGAZ2Y A AyOfdzZRAY3A dzyAGZI Ay GaSNBIf X

- Asset parameterfike position, fuel consumption, working hours etc., linked to a parameter definition and an
asset

- Units with base unit and conversion formulas (e.g., m/&m/h)

Each artifact (asset, parameter) will be identifiable by a unique ID which can be useimaksystems to query data
via the API.

After the analysis of Mobile equipment data provided by DH&® created a first data model to be deployed within
the IQS shown in the following diagram.

Model_Type |1 1/* Model 1 * 1 OEM
1
1.*
Plant 1 L iy Machine L L oy Component
1.*
*®
Category 1 Parameter definition 1 L Parameter
1 *

Figure20: Mobile machinery data model
3.1.5.2 Mobile equipment & quarry geological deposit digitalisation & #t@ak modelling(KTA3.3)

An API will be provided to query
- the available assets per plant
- parameters per asset
- parameter values by assparameter and time frame (s€e3.1)

This model and API enable the data lake @rparties to exchange the model definition and merge the data from
different systems in the data lake and business management tools.
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3.2 Data lakes

¢ KS TFdzZ t 0 Sy OK\dondllly ABKAR avadaie inNBprtik 1i Here below is a synthesis of the main
resultsrelated to the data lake components.

Here is a global view of the components that will be useduild IQS data lakes

cmp DEQ_ComponentsSpecifigues_Prez_ComponentChoice /

Legend : Microsoft Azure Components Open Source Components

DEQ AZURE Data Lake Mechanism for Pilot Sites
g

PostgreSQL
over Azure VM

Azure Data Storage

MongoDB (NoSQL)

‘ BLOB Storage E]‘
over Azure VM

retrieves stojres retrieves stores

download file upload file dara dota dita dota
ETL Talend over Azure VM Ej}»
Talend and Microservices
invoke invoke invpke invpke could share the same VM
Download E:] Upload E:] D_ata_ Data-
Microservice || Microservice (ST Ingestion [ ---ooooooeeooeooomeee
Microservice Microservice
delegates delegates delegiates delegates
download upload Data Resttitution Data Storage
Azure Application Gateway Sj TS Azure ADDS (Active
o= Directory Domain Services)
{including High Availability, Load Balancing, Firewall)
REST|API REST|API
downlpad file uplgad file \g} \g}
Data Restitution Data Ingestion

Client (Pilot Site, Partner, etc.)

Figure21: Diagram of the components selected for thata Lakes architectar

This architecture including many opsource components wiflignificantly reducéhe operating costs, will provide the
most flexible architecture and the most reversible solutibat will generate additional development costs. tdahat
these additional costs would remain the same with Azure Logic Apps and App Service solution.
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The global cost is estimatedbef Saa GKIYy pnne LISNI Y2YGK LISNI SIFOK LAt 20
Azre Azure MiI:?(IJir;?vTce Data Lake I?)(\a/gf X\r;frgt VM
Application Storage | PostgreSQL Creation & TOTAL
Gatewa ADDS on Azure Gen2 VM by Monitorin
y VM Ansible 9
Non- Embedded
. . Foopnan
cChne TNE MY € pne MANE recurring into Azure
month
cost offer
Below, some details are given for each conmamt:
- Description
- Metrics
- Costs
Component Azure Application Gateway
Azure Application Gateway Ej

as:

9 Data Ingestion
1 DataRestitution
and some HTTP Requests as:
1 upload files

(including High Availability, Load Balancing, Firewall)

9 download files that have been uploaded

Description This is the Frontal Gateway of DigiEcoQuarry Application. It exposes some specific REST APl Wg

Metrics: Costs
Usage Traffic Volume Ranges Traffic Price (€) AZURE
Weak =<10To / month 0,0072 / Go Usage Application Gateway/ | WAF | Gateway Availability | DataTreatment | TOTAL
Medium 10 To / month < x =< 40 To / month 0,0063 / Go Load Balancer (¢
Intensive > 40 To / month 0,0032/ Go Weak 10 N/A 10 L] 53

(5 To/month)

Usage Qutgoing Traffic Price (€) Medium 28 51 79 214 293
Same Availability Zone Free (25 To/month)
Between Availability Zones 0,009 / Go Intensi 129 181 310 428 738
Between European Regions 0,018 / Go (50 To/month)

Component AzureActive DirectoryDomainServicedor security and roles management

g]

Azure ADDS (Active
Directory Domain Services)

Description In AD, Users, User Groups, Rokgsplicative Rights have been declared.
1 Users have been gathered into User Groups

1 Applicative Rights have been gathered into Roles

1 Roles have been assigned to User Groups

A token exchange between DEQ Clients and the Domain Controller should be implemdwtedlient machine
starts, using Kerberos Protocol. This implementation is strongly secured but is expensive in terms of develoj
Firstly, for a POC solution, the Authentication could be managed with a simple check of the couple (Usg

Password) though AD.
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Any Requests entering the Cloud through the Gateway, embeds a username and an encrypted password. A (
Application (to be developed)

1 authenticates the User by checking the validity of the couple (Username, Password)

1 retrieves the LDARoles of the connected User

91 checks if the User has the rights, according to its assigned Roles, to execute what he requests

Metrics: Costs 5/7 ¢ 15/24 (from 5h to 20h)
Usage Nb of Nb of Impacted Backup Storage Tarif / hour (€) Tarif / hour (€) Nb hours of use
& Users LDAP Objects Frequency Capacity | (for 2 controllers) (for Load Balancing) Usage per month Azure
Azure - Standard 330 46€
Standard 3000 25000 each 5 days 0,14 negligible

Component Microservics

Download | Upload & ] Data Data o]
Microservice Microservice RH""““‘:” Ingestion
Microservice Microservice

Description Microservicebased architecture will be highly adopted to implement different services.

All these microservices could be deployed on the same Talend VM to reduce costs.

This architecture including many opsource components wikignificantly reducehe operating costsand will
provide the most flexible architecture and the mostversible solution. However, it can generate addition
development costs. Note nevertheless that development costs would not be lower if Azure components (a
Logic Apps oApp Service solution) were used.

Metrics: Costs

Microservices deployed on the same Talend VM
reduce costs.

Development cost Some microservices will be developed withing the sc
of the CDMP. PostGreSql database will be ussq
database for the CDMP

Number of microservices

Component Talend(ETLtool)

ETL Talend over Azure VM Ej

Description Talend OS ESB (Open Studio Enterprise Server Bus) will be used for devel@alaedtruntime will

be deployed over a dedicated Azure VM. Talend OS ESB:

1 performs Extraction, Transformation, Loading of large data sets

9 provides trigger connectors when REST APl or HTTP Requests are consumed and any other connectors
any storag@s

Among the tasks it performs, Talend must determine where the file must be dropped down or retrieved, ba

the file nomenclature or its related metadata.

Metrics: The price of a VM over Azure Cloud is determined through these metrics:
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Price Metrics for deploying and running 1 “Talend” VM on Azure Cloud

Items

Comment

The OS5 that is installed over
the VM

Windows licences must be paid, so the choice will be done among
Linux free strong-securized distribution, as:

Cent03
SE Linux
Ubuntu

The number of Cores and
CPU of the VM

The selected VM must be optimized for hot computing.
Instance Fsv2 Series is a good candidate.
Note that Fsv2 Series contains 2 vCPU per Core.

VM RAM The RAM is determined by the chosen Cores of the Fsv2 VM Instance.
The disk storage 1 To 55D should be enough for each DEQ Pilot Site.
The number of storage | With a tarification of 0,0018 € per 10 000 transactions, it seems

transaction

negligible compared to the rest of the price.

The used bandwidth and the
outgoing data transfert

This item is not referenced in this tariff: it is already counted with the
outgoing bandwidth of the APl Gateway.

Costs To minimize the cost 3year reserved VM instancedhosen

Price (€] 'Fc;r using 1 ;'Ta lend” VM over Azure Cloud
Usage St
Fsv2 Series Instance Managed Disk orag-e i
Transactions Total Price
Core | RAM Temp Storage Price Characteristics Price Price
Weak 8 16 Go 64 Go 96 12 134
Medium 16 32 Go 128 Go 192 1To 55D 76 25 293
Intensive 32 64 Go 256 Go 383 50 509
Component Azure Dat&torage Mongo DBPostgreSQ(Storage tools)
8]
Azure Data Storage
g g)
‘ e MongoDB (NosqL)||  Posteresal
over Azure VM

over Azure VM
T

Description If some Pilot Sites need it, File Storage will be used to store files directly from a lo&ldtdm (LAN
of Pilot Sites (via SMB Protocol).

Detailed specifications will determine if a NoSQL Database is necessary for the project. In that case, Postgr
MongoDB might be hosted by the same VM.

Metrics:

Azure

Storage 200 Go
10"4 writes

1076 reads
Storage 2 To
snapshot 100 Go
1076 writes

1077 reads
Storage 10 To
1076 writes

1077 reads

Usage OpenSource

Weak 1D4sv3, 1 HDD S4, 1 ye

Medium 1 D4sv3,1SSD ES6, 1ye

Intensive 1 D8sv3, 2 SSD P10, 1y
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Costs
Usage Azure Usage OpenSource (on VM over Azure
Weak BLOB Storageor] 0 ZNT € K Weak bT>Xyvo € K
. General purpose . PostGre
Medium Storage account nnxdoy € Medium _QL MAMZIM®P € K
Intensive v2 MYCXpAa € Intensive HOHZXZHpPp € K
Weak n>cn € K Weak bT>Xyvo € K
. Data Lake Storag: . MongoDB
Medium 0oc3po € Medium o MAMIMD ¢
Medium Gen?2 0OCcCXpo € Medium NOSOL MAMZIM € K
Intensive MTV >N € Intensive HOHZXZHpP € K
Weak MO X onth
Medium File Storage MNTXHA €
Intensive Chy>HY €

3.2.2 Interface with the 1QS:
3.2.2.1 Centralized Data management Platform (CDMP)

The CDMP is a centralised platform to be developed by AKKA usingopee frameworks. It aims to collect and store

data from the Pilot Sites, and allows IQS and quarry partners to browse, access and download data. The data will be
associated with metada -data description, stored in a database, used tetch, and retrieve data. Data itself will be

stored in a data lake.

Uploading, browsingaccessingand downloading data will be done using REST APIs provided by the CDMP.

1QS user /
Data provider

Q) eec
(& <@ SWAGGER

-
m Application, script ‘—’CUI"F//

CDMP application server

6 metadata —
Web API h

data =)
{Z::i} — > . P
— Azure '3
% g) Datalake -
Expert thOﬂ Direct access for
b

System Proxy specific needs

Quarry ecosystem
Figure22: CDMP general architecture

Data will be uploaded to CDMP along with metadata, an accurate and complete description of the data, formalized in
an XML description file. A common description model will be agreed between partners, based @itilptocesses,
etc.

I - #101003750 28 July 2022 Page49 of 17€

DIGIECOQUARRY_D4.1 Report_IQS _ICT_requirement_analysis_1.60Einal



D4.1 Report on IQS ICT requirement

Dissemination level: PU

This metadata, stored in a dedicated database, will be used to organize data in the data lake containers and databases,
and later to browse and retrieve data. The data lake containers and databases will be created following data model
defined by data providers, enabling cross access to data comingdiffarent processes. Access to data lake containers

will be granted following an authorization policy defined by PS and partners.

The development of CDMP architecture on top of the dake was made because of the necessity to have an adequate
data management system of metadata required for data upload, download and data sharing. Besides, the
implementation of metadata using Azure tools appears to be complex, requiring a huge eftvelbpment using
expensive tools and services (LogicApp, Azure functions, data factory, data bases) and above all, we would like to avoid
a lockin situation. Vendor locin, also called proprietary logk or customer lockn, isa technique used by some
technology vendors to make their customers dependent on them for products and services by making it hard to switch
to a competitor without substantial costs or difficulty.

The CDMP will provide a web interface enabling access to uploaded data, and datey $gietween partners of PS
according toauthorizations defined by PS.

For specific needs, and usage not covered by CDMP mechanism, PS and partners can use dimctlydata lake API
to take advantage of data lake features.

The data lake specificatis will follow the benchmark recommendations (see Annex).
3.2.2.2 Data lake interface

Besides CDMP, there are several ways to upload data, navigate in the data lake, and download data from the data lake.

In the DIGIECOQUARRY context, the main drawback of usirggbdt-in or third-party interfaces is that there is no
YIEylF3SyYySyiad 2F Fyeée aaz20AFiSR YSGFRFGEY REGE dzLJ 2F RSR  dz
and to retrieve data, one must know what he is searching for. Therefbesgwaysof accessing the data lake will be

reserved for special needs, the CDMP being the recommended way for nominal or customized usages.

Interfaces provided by Azure data lake to store and share data

Users authenticated by Azure Active Directory, and granteddcess data lake and containers, can explore the data
lake,and manage data using their Internet browser.

hiKSNJ dza SNB OF y dzLJX 2 | RAzRdpy lor adZBFA R cBnn&tioil. K $hidlate case2dald laké sttt
have beerconfigured to authorize SFTP. Both solutions require authentication strings or SSH keys.

Alternative tool for data lake exploration

aAONR&2FG ! 1 dzZNB LINR @A RS &Stofage &xplbrgieRthat cry'te used sh Explabeipldall,ary = (G K &
R2gyft2FR RIGFE FNRY GKS RFEGF €118 oFy €17 dzNB {G2NF3S | C
one can connect the Storage Explorer to specific containers in the data lake. Once connectedrdabe BEkplorer

allows browsing and managing data as a simple file explorer.

3.2.2.3 Interface with Mobile crusher systedeveloped by Mets¢KTA 2.1]
The following picture depicts the mechanism that will be used to connect the IQS with the Metso mobile cresdrar sy

RSOSt21LISR o0& aSiaze ! RFEOGF Lzt LINRBOSaa A& RSTAYSR (2
and upload the data to the data lake. After the data transfer the data will be used by the business management tools.

1 See https://docs.microsoft.com/en  -us/azure/storage/common/storage -use-azcopy-v10

2 See https://docs.microsoft.com/en  -us/azure/vs -azure-tools-storage - manage-with - storage -explorer
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cmp DEQ_Components_ScadaDataProxySystem /

Mobile Crusher System:
. collects and produces data that must be treated and stored by DEQ Cloud Platform
. preprocesses the data using a middleware

To send these data (Production, Running hours, Fuel consumption, Noise, Dust) to DEQ Platform,
Metso & AKKA should develop a METSO Mobile Crusher Data Proxy System as an autonomous
external program that will run within Metso IT platform System.

This Proxy will

. consume Data at regular time intervals

. format preprocessed data as a JSON flow or a file (CVS, Excel, etc.)
. send these formatted data to DEQ Cloud Platform

DEQ AZURE Data Lake Platform

AP| Gateway g:]

Data received by the Gateway are treated by delegated
micro-services

TheJSON flow generated by
REST API Proxy System is sent to DEQ.
Platformusinga dedicated DEQ

upload é[)/ REST API

5
'

Thefile generated by
Proxy System is
uploadedtoDEQ
Platform

5

Metso Mobile Crusher Data Proxy System Lrsterltgd e Tl Deie Moy SEE %:]

is wakeup at dedicated periodicity
{hourly, daily, weekly, monthly) to send

Metso Mobile Crusher System
data needed by DEQPlatform usingupload
e by gup File }»---- forma‘ts data produced by Metso -1 JSON Flow
and Rest Apl. middleware as a file or a JSON flow

0

The middleware Metso Middleware (Preprocessing) {]

preprocessthedatatobe |77
shared

,,,,,,,,, Mobile Crusher Data Logger S]
Crusher collects data

METSO Crusher

Figure23: Mechanism used to connect the IQS with the Metso mobile crusher system
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3224 LYGUSNFI OS 6A0GK al b ¢ 9crshiagaddAcheethglogtimiZtfKTAE.2] G F2 NY T

In HOLCIM npilot site, the 1QS will provide the data management tools to enable data sharing with Mintek. The same
concept of data sharing as the one described for HANSON will be used to share a file or a set of files related to the
crushing and screenirrocess. The data to be shared includes excel file, report results, crusher configuration file, etc.
Data will be organized by Pilot Site, by process and by additional metadata to be defined to store the data.

3.2.2.5 |Interface with automation & scada system deymtd by MAESTRO [KTA 3.1]

The following picture depicts the mechanism that will be used to connect the IQS with the SCADA system developed by
MAESTRO and used to control the production. A data pull process is defined to extract data at regular basis from
QProduction system and upload the data to the data lake. After the data transfer the data will be used by the business
management tools.
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cmp DEQ_Components_ScadaDataProxySystem /

SCADA
. produces data that must be treated and stored by DEQ Cloud Platform
. only exposes the produced data as REST API

To send these SCADA data to DEQ Platform, AKKA will develop a SCADA Data Proxy System as
an autonomous external program that will run over the same Platform than SCADA.

This Proxy will

. consume SCADA Data at regular time intervals

. format retrieved SCADA data as a JSON flow or a file (CVS, Excel, etc.)
. send these formatted data to DEQ Cloud Platform

DEQ AZURE Data Lake Platform

APl Gateway %]

Data received by the Gateway are treated by delegated
micro-services

The JSON flow generated by
SCADAProxy Systemis sent to
REST API DEQPlatform using a dedicated
upload DEQRESTAPI

s

The file generated by
SCADAProxy Systemis
uploadedtoDEQ

Platform

SCADAProxy System consumes some REST
AP| from SCADA System, notnecessary all:
onlythose whose produced data are
needed by DEQPlatform.

SCADAProxy Systemis wakeup at
dedicated periodicity (hourly, daily,
weekly, monthly) to send data needed by
DEQPlatform.

SCADA Data Proxy System %] |

SCADAProxy System formats data
.--| JSON Flow

=-1 produced by SCADA as a file or a JSON
flow
SCADA System {]
SCADA exposessomeREST [----""~
AP

PARTNER Platform

Figure24: Mechanism used to connect the IQS with the SCADA system developed by MAESTRO
3.2.2.6 Interface with automation & SCADA system developed by ARCO [KTA 3.1]

The same data proxy pattern defineddr2.2.5Interface with automation & scada system deystd by MAESTRO [KTA
3.1]forMaestowh f f ©6S dza SR (2 O2tftSOG RFGF FTNRY !w/ hQa aeaidsSy

3.2.2.7 Interface with Abaut analytics systeliRTA 3.2]

The following picture depicts the mechanism that will be used to connect the 1QS with the Abaut analytics system used
to cortrol the fleet performance. A data pull process is defined to extract data at regular basis from Abaut analytics
system and upload the data to the data lake. After the data transfer the data will be used by the business management
tools.
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cmp DEQ_Comp 5 _! Y2y /

Abaut Analytics System
. produces machiney data that must be treated and stored by DEQ Coud Platform
. only exposes the produced data (processed data) as REST API

To send these data (Fleet performance, Productivity, Mass Flow, Cycle Time, etc) to DEQ
Platform, AKKA & Abaut should develop a Data Proxy System as an autonomous external
program that will run within Abaut & IT platform System.

This Proxy will

. consume Data at regular time intervals

. format retrieved data as a JSON flow or a file (CVS, Excel, etc.)
. send these formatted data to DEQ Cloud Platform

DEQ AZURE Data Lake Platform

API Gateway E]

Data received by the Gateway are treated by delegated micro-services 5

The JSON flow generated by Proxy
Thefile generated by Proxy System is sent to DEQ Platformusing
System is uploadedto DEQ a dedicated DEQREST API
Platform Tl -
’"’"-».,,_upluad .--RestAp|
N N/

abaut Data Praxy System consumes some The Proxy formats
REST API from Expert System, not necessary data produced by
all: onlythose whose produced data are B the Expert System
needed by DEQ Platform. | abaut Analytics Data Proxy system @‘ asafileoraJSON

Data Proxy System is wake up at dedicated flow

periodicity (hourly, daily, weekly, monthly} ]
to send data needed by DEQPlatform. File Json Flow

Mobile Machinery

__________ “ Expert System - Abaut Analytics S] ‘ abaut Edge & mView S]

Abaut Analytics Platform

Abaut Analytics exposes
some RESTAPI

Figure25: Mechanism used to connect the IQS with the Abaut analytics system

After the analysis of Transport Plant production data provided by Vicat (flat files) and Holcim (Scada) we created a first
data model shown in the followingdjiagram:
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dm Database Abaut Transport

wcolumn»

*FK Id: integer

sensor id: varchar(4)
sensor_id_unigue: varchari11)

type: varchar(so) = UNKNOWN

model: varchar(50) = UNKNOWN
manufcturer: varchar(S0) = UNKNOWN
licenee_plate: varchar(50) = UNKNOWN

4UI_Machine_Sensor_Unigue +Fk_Transport_Cycle_Machine

ite,
name: varchar(si

*  timezone: varchar(50) = UNKNOWN

PKn
4 PK_Site(integer)
aunigues
4 ulsite(varchar)
sindexs
4 IDX Sitefvarchar]

W Site

Ske ske_id=Transgpet_Cyde site_id

sequence Site [

SEQUENCE Sie_id_seq

+FK_Transport_Cycle_Site

.

+

+
+

wPkn
PK_Machine{integer|

wuniques
UI_Machine_Sensor_Unique(varchar)
UI_Machine Sensorfvarchar)

indenn
1DX_Machine_Sensar_Unique{varchar]
IDX_Machine_Sensarivarchr)

Machine sensor_id_unique = Transport_Cycle machine_sensor_d_unique

+Ui_Machine_Sensar +FK_Transpert_Cycle_Machine_Loader

Machine,senser_id = Transport_Cyck. loader_sersor_d

+l_Machine_Sensor +FK_Transport_Cycle_Machine_Truck

SEQUENCE Machine_id_sq

Machine ssnsor_id = Transport_Cycle truck_sensor_id

Transpart_Cycle
«columns
“PK id: ntegar
“FK machine_sensor_id_uniaue: varehar(11)

X at: numerici18,15]
Isad_location_long: numeric(18,15)
lsad_location_alt: numeric(25,20]
unload_location_lat: numeric{18,15)
‘uniead_location_long: numerici18,15)
unloed_lecstion_slt: numerie(2520)
distance_road: numericl2520)
distance_road_total_cycle: numeric(25.20)
Griving_st_mscending numeric(25,20)
driving_akt_descending: numeric(25,20]
riving aft_toad_unload._diff numerici25.201
star_time_load: timestamp
start_time_unload: imestamp
duration_driving: integer
duration_eyele time. integer

duration_entire. integer

duration_loading: integer
duration_unloading: integer

‘3peed_sversge: numeric(25,20)

<count_spoan: integer

+FK_Transport_Cycle_Region_Unioad +U1_Region

Transport_Cycle unload_location_id = Region region_id

*  type: varchar(5D) = UNKNOWN
*  name: varchar(S0) = UNKNOWN

i
it
o

.

FK_Transport_Cycle_Machine(varchar]
FK_Transport_Cycle_Machine_Loader{varchar)
FK_Transpert_Cycle_Machine_Truckivarchar)
FK_Transpart_Cycle_Region_Loadivarchar]
FK_Transport_Cycle_Region_Unloadivarchar]
FK_Transport_Cycle_Sitelvarchar]

windexs

IXFK_Transpart_Cycle_Machinelvarchar)

IXFK_Transpart_Cycle_Machine_loader{varchar)

IXFK_Transpart_Cycle_Machine_Truckivarchar)
IXFK_Transpart_Cycle_Region|varchar]
IXFK_Transpart_Cycle_Region_Unload|varchar)
IXFK_Transpart_Cycle Sitefvarchar)

PE_Transport_Cycle(integer)

Transport_Cyce. id = nestvall Transport_Cyce_id_seq)

4£%_Transport_Cycle_fegion_load U1 egion | aPke
R
Transpat_Cyck. bad_locstion_d = Region.regien_id —

+ UL Regionivarchar]

a
+  IDK_Region{varchar]

|
|

Region id =nextvaRegion_d_seq)
1

ausen

sequence fegion 1)

SEQUENCE Region_d_seq

Sequence Transgart_Cyde 111

SEQUENCE Transport_Cycle_id_seq

Figure26:

"Transport" Data Model used in the Data Lake to be compliant with ABAUT Data Structures
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The following figure shows the database creation scripts:
USE DATABASE PostgreSQL; CREATE TABLE public."Transport Cy
¢
/* Drop Sequences */ id integer NOT NULL,

DROP SEQUENCE IF EXISTS public.
DROP SEQUENCE IF EXISTS public.

ine" CASCADE;

machine sensor id unique wvarchar(.l) NOT NULL,
on" CASCRDE; — - =

site_id varchar(4) NOT NULL,

DROP SEQUENCE IF EXISTS public. " CASCADE; ; X -
DROP SEQUENCE IF EXISTS public."Scquence Transport Cycle" CASCADE; load location id varchar(-) NOT NULL,
unload location id wvarchar(S) NOT NULL,
/* Drop Tables */ loader_sensor_id varchar(4) NOT NULL,
DROP TABLE IF EXISTS public. ine" CASCADE; truck_sensor_id varchar(4) NOT NULL,
DROP TABLE IF EXISTS public. on'" CASCADE; load_locaticn_lat numeric{lf,15) NOT NULL,
e S I plie e e, 19a0 Jocation 1ong mmeric -/, 15) or WUk,
. b - 4 load location alt numeric(25,20) NOT NULL,
/% Create Tables +/ unload location_lat numeric( ) NOT NULL,
CREATE TABLE public.'Machine" unload location long numeric(lf,15) NOT NULL,
1< unload locatlon alt numeric(25,20) NOT NULL,
id integer NOT NULL, dlstanceiroad numerlc(,, 20) NOT NULL,
sensor_id varchar () NOT NULL, distance_road total_cycle numeric(25,20) NOT NULL,
sensor_id unique varchar({ll) NOT NULL, driving . alt ascendlnq numeric ( ) NOT NULL,
type varchar(50) NOT NULL DEFAULT UNKNOWN,

driving alt_descending numeric(25,20) NOT NULL,

del har(50) NOT NULL  DEFAULT UNKNOWN,
medel verchar (4) driving alt leoad unload diff numeric(25,20) NOT NULL,

manufacturer varchar(50) NOT NULL DEFAULT UNKNOWN,

licence plate varchar(50) NOT NULL DEFAULT UNKNOWN start_time load timestamp without time zone NOT NULL,
0 - start_time unload timestamp without time zone NOT NULL,
CREATE TABLE public."Region” duration_driving integer NOT NULL,
It duration_cycle time integer NOT NULL,

id integer NOT NULL, duration entire integer NOT NULL,

region ia vercnas ) wor s serune o, Guration_Loading inceger N ML,

name vazchar(50) NOT NULL  DEFAULT UNKNOWN duration_unloading integer NOT NULL,
9y speed_average numeric(25,20) NOT NULL,
CREATE TABLE public.'site" count spoon integer NOT NULL  DEFAULT |

It )
id integer NOT NULL,
site id varchar(4) NOT NULL DEFAULT UNKNOWN,
name varchar(50) NOT NULL DEFAULT UNKNOWN,
timezone wvarchar(50) NOT NULL DEFAULT UNKNOWN

R

/* Create Primary Keys, Indexes, Unigues, Checks */

ALTER TABLE public."Machine” ADD CONSTRAINT "PK Mac

ADD CONSTRAINT "UT | _Sensor que" UNIQUE (sensor_id_unique);
ADD CONSTRAINT "UL | Sensor" UNIQUE (sensor_id);

" ON public."Machine” (sensor id unigue ASC);

ON public."Machine" {sensoriid ASC) ;

ine" PRIMARY KEY (id);

m

ALTER TABLE public."Rsgion” ADD CONSTRAINT "PE Region” PRIMARY KEY (id);
ALTER TABLE public."Esgion” ADD CONSTRAINT "UI Region” UNIQUE (region id);
CREATE INDEX "IDX Region" ON public."Region” (region_id Asc);

ALTER TABLE public."Site" ADD CONSTRAINT "FH Cit&" PRIMARY KEY (id);
ALTER TABLE public."Site” ADD CONSTRAINT ite™ UNIQUE (Siteiid),‘
CREATE INDEX "ID¥ S5ite"” ON public."site” (site_ld ASC) ;

ALTER TABLE public. ansport Cycle™ ADD CONSTRAINT "PK Transport Cycle” PRIMARY KEY (id):;

CREATE INDEX "IXFE (machine_sensor_id unigque ASC);
CREATE INDEX "IXFKE =" (loader_sensor id AsSC) ;
CREATE INDEX "IXFKE {truck sensor 1d ASC) ;
CREATE INDEX "TXFK on" ON public."Transport (load location id ASC);

CREATE INDEX "TXFE | on_Unload" ON public." 3 (unload locatlon id AsC);
CREATE INDEX "IXFK Transport_| " ON public."Transport_| (site J.d ASC) ;

r" ON public.
ON public.”

/* Create Foreign Key Constraints */
ALTER TABLE public."Transport Cycle" ADD CONSTRAINT "FE_Transpe le_Machine"

FOREIGN KEY (machine sensor id unigue) REFERENCES public.'Mac =" (sensor_id unique) ON DELETE Restrict ON UPDATE Cascade;
ALTER TABLE public."Transport Cycle” ADD CONSTRAINT "FK Transport Cycle Machine Loadsr”

FOREIGN KEY (loader_sensor id) REFERENCES public."Ma ne" (sensor id) ON DELETE Restrict ON UPDATE Cascade;
ALTER TABLE public."Transport Cycle" ADD CONSTRAINT "FE Transport Cycle Machine Truck"

FOREIGN KEY (truck sensor 1d} REFERENCES public. "Mn_h ne" (sensoriid) ON DELETE Restrict ON UPDATE Cascade;
ALTER TABLE public."Transport Cycle" ADD CONSTRAINT "FK Transport Cycle Region Toad"

FOREIGN KEY (load location_id) REFERENCES public."Region” (region_id) ON DELETE Restrict ON UPDATE Cascade;
ALTER TABLE public."Transport Cycle' ADD CONSTRAINT "FE T -mspozt_-'.“y;:;e_P.egion_L'n;-aaC;"

FOREIGN KEY (unload location id) REFERENCES public."Region” (region id) ON DELETE Restrict ON UPDATE Cascade;
ALTER TABLE public."Transport Cycle” ADD CONSTRAINT "FK Transport Cycle Site”

FOREIGN KEY (site_ld) REFERENCES public."site" (site 1d) ON DELETE Restrict ON UPDATE Cascade;

/* Create Sequences */

CREATE SEQUENCE Machine id seg OWNED BY Machine.id;

CREATE SEQUENCE Region_id seq OWNED BY Region.id;

CREATE SEQUENCE Sitefidiseq OWNED BY Site.id;

CREATE SEQUENCE Transport_Cycle_id seqg OWNED BY Transport_Cycle.id;
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3.2.2.8 Interface with SmartQuarry developed by DH&H A 3.3]

The following picture depicts the mechanism that will be used to connect the 1QS with the DH&P SmartQuarry system
used to control the fleet performance. A data pull process is defined to extract data at regular basis from DH&P expert
system and pload the data to the data lake. After the data transfer the data will be used by the business management

tools.
cmp DEQ_Ct¢ 5 ¢ /
[N
DH&P System
. produces machiney data that must be treated and stored by DEQ Coud Platform
. only exposes the produced data as REST API
To send these data (Production, Cycle Time, Fuel consumption, engine on/off, speed, etc) to
DEQ Platform, DH&P & AKKA should develop a DH&P Machinery Data Proxy System as an
autonomous external program that will run within DH&P IT platform System.
This Proxy will
. consume Data at regular time intervals
. format retrieved data as a JSON flow or a file (CVS, Excel, etc.)
. send these formatted data to DEQ Cloud Platform
APl Gateway 2]
Data received by the Gatewayare treated by delegated micro-services Iﬁ
1%
Thefile generated by Proxy The JSON flow generated by Proxy
System is uploadedto DEQ. Systemis sent to DEQ Platform using
Platform a dedicated DEQREST API
REST API
upload
s
DHE&P Data Proxy System consumes some The Proxy
REST API from Expert System, not necessary | DH&P Expert System Data Proxy System @ formatsdata
all: onlythose whose produced data are produced by the
needed by DEQ Platform. | e = [ Expert Systemas
Data Proxy System is wake up at dedicated File Ison flow afileora JSON
periodicity (hourly, daily, weekly, monthly) flow
to send data needed by DEQ Platform. A\ (J\
N DH&P Expert System Platform g] Mobile Machinery
DH&PESexposessome | Mobile machinery g]
REST API —‘_\_()‘ data logger
DH&P Platform

Figure27: Mechanism used to connect the IQS with the DH&P SmartQuarry system
3.2.2.9 Interface BIM [KTA 4.1]

Theintegration of BIM system and the loT architecture defined for the 1QS will rely on an extensive usage of the interface
provided by the chosen components of the benchmark: 10T devices, 10T Hub, Event Hub and Event Grid (s8e3section
0T platfom)

Hence, the access to IoT data can be performvét pull mechanism for 10T Hub and for Event Hub or with a pub/sub
protocol for Event Grid. The interface will be finalized during the development phases in task 4.2 and 4.4.
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3.2.2.10 Interfaces with Al services [KTA 4.2]

The integration with Sigma and Al in particular with the IQS will be based on an extensive usage of a Centralized Data
Management Platform.

The CDMP will enable the implementation of the uses cases depicted in the following picture:

uc UseCases )

[N
Withinthe10S, the artificialintelligence services will playan importantrole in obtaining insights into the
operational data generated by the quarries. The main goal of the following use cases is toprovide, ina
generic way, the data management tools tostore and sharethe data sets needed by the Alservices. Image
or file sets are constituted by Pilot Sites and/or by Al system provider. They will be used to create Al
models to be used by Alservices e.g. Aggregate guality determination, Grain size determination or Stockpile
volume calculationetc.
The DEQPIlatform offers a service to create and manage these data inthe Data Lake.
Al Partners will

. download these image-models provided through the Data Lake

. run their algorithms on their own VM Create Image Set
. produce results stored intotheirown DataWarehouse
. inform Pilot Site of the result -7 ~

At the end of this process, Pilot Sites can be able toupdate the created Image-Sets accordingto 1A directives. «extem;»

Asuppression of an existingimage-set must always be possible.

winclude»

N

Upload j&s—————— Upload Images [~ ——————-{Upload Image Set for IA-ML[<Z - ———————| UpdateImageSet |-———————=2 Add Image into a Set
«includen

PilotSite

| AN
1 ~.
' «extends» «extend»
wextend» .. i

1

|

Delete Image from a

Set
Delete Image Set

The following compoent view shows the interfaces that will be made available to provide access to any data needed
by the Al components:
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cmp Components )
The "Image Set Download" service is consumed The "Create, Update, Delete (CUD)" services are consumed by Pilot Sites : Pilot Sites constitute
by Al services developers to retrieve data sets for image set (data set) to bestored by the Data Lake in goal of being retrieved and used by Alservices
training purpose Partners
Delete Image from a
Download Image Set Create Image Set Update Image Set Delete Image Set Set
DEQ Data Lake Gateway 3:]
download create update delete delete image from
) \ \ l
«delegate» wdelegate» «delegate» «delegate» «delegate»
"Download Image Set" Microservice S:] "Upload Image Set" Microservice 3:]
retrieve create delete
ﬁlq/ ﬁlﬁ/ ﬁled/
BLOB Storage {]

Figure28: Schema of the interfaces available to provide access to data needed by the Al components

3.3 loT platfom

¢KS TFdzZ t 0 Sy OK \dondllly ABKAR avadaiBe inNBpertdik 1i ere below is a synthesis of the main
results related to thdoT platformbut also toBusiness Intelligencamponents.

Here is a global view of the components that will be used to buildd@$latform and Business Intelligence solution
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cmp DEQ_ComponentsSpecifigues_I0T_Prez_ComponentChoice /

Legend : Microsoft Azure Components Open Source Components
DEQ AZURE loT Platform
‘ Elastic Cloud (or Power BI) @ ‘

ElasticSearch

‘ Logstash Kibana

re‘t&;eve

DEQ Storage %j‘

MongoDB {NDS%
over Azure VM

Azure Data Storage

PostgreSQL %:]
over Azure VM

store

ETL Talend over Azure VM @
or any reachable external Partner component as BIM, 1A, etc.

deliver process to end-point

Azure Event Grid Sj
(publish / subscribe)

process| event

Azure loT Hub / Event Hub @ ‘

send IgT data

Client (Partner loT equipment, Partner code, etc.) g]

Figure29: Diagram of the components selected for th& platform and Business Intelligeraxehitecture

The global cost is estimated to lessti@mn e  LISNJ Y2y G K LISNJ St
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LIAE 20

| dzo 9t ladao /1

PowerBI:

q y p € licenge$
M T 1 € licensed
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Below, some details are given for each component:

- Description

- Metrics

- Costs
Componens: IoT Huband Event Hub

Azure loT Hub [ Event Hub 3]
T

Description
The two services are similar in that they ba Feature Basic Standard /
support data ingestion with low latency and hi¢ Free
reliability, but they are designed for differer |ocvce-to-cloud telemetry . .

Y, y g Per-device identity v v
purposes. Message Routing, Event Grid Integration v v
IoT Hub has been designed for connecting | HTTP, AMQP, MQTT Protocols v v

. v v
devices to the Azure Cloud. DPS Support___
o . . Monitoring and diagnostics v v
Event Hups service is manse_d for streaming Bi( [pevice streams™™ ™ v
Data (mainly for hot computing). Cloud-to-device messaging v
According to Pilot Sit€keeds, one or the othel | Device Management, Device Twin, Module Twin Y
loT Edge v
should be used.
0T Hub Event Hub
Metrics: Metrics:
Azure Basic Premium Dedicated*
Usage T HubBasic | _IoT Fub Standard S o O P A e e
Device cloud Bidirectional + DTwin Ingree events 0,026€ per million 0,026€ per million Included Included
events events
Weak 11¢€ 28¢€ Capture 65,683€/month per Included Included
Medium 56 € 280 € Throughput Unit***
: Apache Kafka v v v
Intensive NA NA S:hema o = - =
Max  Retention 1 day 1 day 90 days 90 days
Azure loT Hub Period
Usage Azure |oT Hub - Basic Azure loT Hub - Standard Storage Retention B4 GB B4 GB 1 7TB per PU 10 TB per CU
Weak B1: 400 000 messages / 4 Ko / day S1: 400 000 messages / 4 Ko / day Extended 0,11£/GB/month {1 0,11€/GB/month {10
Medium B2: 6 000 000 /4 Ko / day $2: 6 000 000 messages / 4 Ko / day ion** TB included per PU) TB included per CU]l
Intensive | NA NA *Dedicated: Usage will be charged in eheur increments with a minimum charge fiaur
hours of usage
** Message retention above the included storage quotas will result in overage charg
*** Throughput Unit provides 1 MB/s ingress and 2 MB/s egress.
Usage Nb Devices Mb Events Throughput (Ko / sec) Capacity Unit
Weak 50 400 000 (4Ko) / day 400 000 x 4Ko / 24h / 36005 = 18,52 Kaf's <= 1 Mo/s
sent by all devices 18,52 Ko/s ==>1CU
Medium 200 6000000 (4Kc) / day | 6000000 x4Ko [ 24h /3600s= | 277,78 Kofs<=1Ma/s
sent by all devices 277,78 Kofs ==x>1CU
Intensive NA NA NA NA
Costs Costs
Azure Azure Event Hub
Capacity Ingress Events Capture Total (€ / month)
Usage loT Hub Basic loT Hub Standard Usage Basic Standard (Basic and Standard) | (only applicable to Basic | Standard
Device cloud Bidirectional + DTwin Standard)
Weak 0,014 x 1CU 0,027 x 1CU x 24h 400 000 x 30 x 0,026 / 65,683 x 1CU =
Weak 11€ 28€ x24hx30 | x30days=17€ 1076 =0,31 € 65,683 ¢ 10 83
Medium 56 € 280 € : days = 10€
Medium 0,014 x 1CU 0,027 x 1CU x 24h 6 000 000 x 30 x 0,026 65,683 x 1CU =
Intensive NA NA x24hx30 | x30days=17€ /1076 = 4,68 € 65,683 € 15 88
days=10€
Intensive NA MNA NA
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Component Event Grid
Azure Event Grid %:] Topics
Event Subscriptions
Description Event Grid is th@ub/sub solution for Azure I —
Cloud. It is priced as p@per-use based on operation woups [ — i I— T
performed. & - pons | é‘ o e Automaton. LF5|
Operations include: F Event oo | L — 4 Wettooks @E,\
f ingress of events to Domains or Topics, B oo e 1 '—“
T advanced matches (using filtering to route to e oo -
points), ¥ Event Handlers
ﬂ delivery attempt, Event Publishers
1 management calls.
Metrics:
Azure Event Grid Tariffication
0,54 £ per million operations*
Free = < 100 000 operations / month
Azure Event Grid metrics applicable to DEQ
Usage Incoming messages Publication frequency Operations published
into Event Hub per day into Event Grid* into Event Grid per month
Weak 400 000 messages Each Each 10 400000 x 30 =| /10 mes perbatch=
/4 Ko [fday incoming incoming 12 000 000 1200 000
Medium 6 000 000 messages messages messages 6 000000 x 30 =| /10 mes per batch =
/4 Ko fday into Event into Event | 180 000 000 18 D00 000
Intensive MA Hub Hub NA
Costs:
" Azure Event Grid Price (€ / month) Azure Event Grid Price (€ f/ month)
Sage Frequency: single meassage treatment Freguency: 10 messages per batch
Weak 2x0,54%(12000000-100000)/1000000=12¢€ Jl0=12€
Medium 2x0,54 % (1B0000000—100000)/1000000=180€ | /10=1B€
Intensive MA MA

3.4 Data warehouse and Al system architecture

This section describes the results obtained from a simple evaluation carried out to provide a data warehouse solution
to the project having in mind all the needed use cases and KPI analysis. Our first step is to briefly describe the alternative
solutions that have been considered. Then an analysis of the prices/costs for some of those solutions is presented.
Finally, an evaluatin of several features such as documentation for some of the proposed alternatives.

3.4.1.1 Alternatives beingnalyzed

The data warehouse solutions weseganizednto three groups depending on how the deployment of each solution is
performed. The different alteratives are listed from the easiest deployment needs to the hardest ones. Every cloud
solution that was analyzed includes tools to perform some data analytics tasks. However, these tools are unlikely to fit
to the specific needs of the project.
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3.4.1.1.1 Specific dud solutions

A specific solution for the data warehouse requires a little administration effort but this advantage is reflected in a
higher price than generic cloud solutions. We analyzed as a prominent commercial data warehouse, the solution
provided bySnowflake

T Snowflake

Snowflake for data warehousg a solution that unifies the storage and analysis interface based on one or more generic
cloud providers services. ®rcan deploy its datavarehouse,or its data analysis processes across the main cloud
providers Amazon Google or Microsoff). The main drawback of this solution is that price is higher than any of the
cloud providers the solution is deployed on top of.

RPN 2dz2NJ FylFfeaira ¢S | NB dzaiAy3d prikiwebsidahdibediickpPoyided iyhed A R S R
technical staff from Snowflake we contacted with.

3.4.1.1.2 Generic cloud providers

A generic cloud solution like the analyzed in this benchmark provide an execution infrastructure but all provisioning of
the services is up to the user. It providasich more flexibility than a specific solution. However, there include a higher
platform administration effort.

The solutions provided by the three most important cloud providers vearalyzed Google, Amazon, and Microsoft.
Contacts were stablished withales staff from Snowflakeand with the sales technical staff frorvlicrosoft
Unfortunately, the later did not provide a lot of useful information.

1 Google BigQuerry

Google Clougrovides a service calldigQuerythat implements a distributed and scalable data warehouse solution. It
is offered as aserverlesssolution, but resources can beeservedto reduce the cost when a specific service
implementationhas a high demand.

For the analysis presented below, the information abpritingand thedocumentationof the BigQery service has
been used.

T Amazon Redshift

Amazon Web Serviceffers a service callededshifthat provides a scalable cloud data warehouse solution. It is offered
as aprovisionedservice but AWS also offers serverles®ption. However, thdatter is still inpreviewso it may not be
suitable for a production environment.

For the analysis presented belothe information aboupricingand the documentation of th®edshifiservice has been
used.

1 Microsoft Azure Synapse Analytics

Microsoft Azurenas a service calle8ynapse Analytidhat provides big data analytics alomgth a data warehouse
storage platform. Both the storage and the analytics services are mainly offeregragisionednfrastructure but is it
possible to use them asserverlessolution. Synapse Analyticeeems to be more oriented to a data analydistform
so it seems more likely to offer services that in most of the cases will not be used bigiBEeoQuarrgolutions.

For the analysis presented below, the information abprtingand thedocumentationof the Synapse Analyticervice
has been used.

3.4.1.1.3 Onpremises (Custom) Data Warehouse solutions

Implementing aron-premisesdata warehaise it the most flexible option. However, it comes with the drawback that
building an acceptable solution requires a great effort. For example, designing a scalable infrastructure requires taking
into account hardware provisioning, fault tolerance, dataess security, encryption, etcetera. Considering that a huge
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FY2dzyG 2F RI G ¢EgEQuaniffrastizictSr® and semites, K 8ay not be worthwhile building an
on-premisessolution when considering the price of a generic cloud providertem. Moreover, the cost of maintaining

and operating such a platform at the long run will make this type of solution not viable for the Quarries type of business,
where specific IT teams are not available on bodrderefore,an ad-hoc solution based owpen-sourcesoftware
solutions is not considered.

3.4.1.2 Pricing

The price is one of the most important factors to consider when choosing a technical solution to implement operations
on a daily basis of any given business. It can determine whethdis¢ard or not a given platform solution. The cost of

the exploitation of a platform was initially considered. A spreadsheet was designed to provide a fair comparison
between the options considered in this analysis. The latter spreadsheet is attachied Appendix section of this
deliverable. <attachment: pricespreadsheet>.

The cost of the data stored in the platform is more or less calculated the same way for all providers. Htheguices
for the Synapse Analyticsolution could not be found. Ehstorage costs for this platform are nearly the same as the
costs for similar solutions (that arBjgQueryand Redshif}.

Calculating computing costs is trickier because there are two points of vieveyRapse Analyticand BigQuerythe

cost of data istantaneous computing depends on how much data from the data warehouse is retrieved to complete
the computing task. On the other hanBedshiftand Snowflakecalculate the cost of computing considering the time
required to complete the computing task.

To @lculate the costs of the computing platform in this benchmark, the amount of data used for a query is considered
as the main factor, because the cost philosophy of the Microsoft solution was used as the main reference due to the
fact that the datalake sdution prototype will be most probably based on the latter. This made nearly impossible to
estimate the computing costs fdtedshift and for Snowflakeom this point of view.

3.4.1.2.1 Example scenario

To provide an example of how the prices were calculated, tig€Bery solution is taken as the reference since it
provides very detailed and clear pricing policies. It is considered that ttfptawill be ingesting an average of 2.5TB
SIOK Y2y dGK FyR (GKS fIGGSNI RIFGI ¢ 2 yiQita ppoSesshd.YEach @ddth th& A & (i 2
dashboards would perform queries to the data warehouse and could retrieve about 2.2TB of data as an estimation. If a
period of 4 years is considered, the total cost per year is summarized in the table below. Note tBaétiaio is set

up to check the prices for all the three categories, the computation required for the queries, the amount of storage
required for the data and the transfer rates applied to ingest and store the data.

Year Compute Storage Transfer Total

First $87.24 $4,444.52 $181.92 $4,713.74
Second $87.24 $12,654.84 $181.92 $12,924.06
Third $87.24 $20,865.17 $181.92 $21,134.38
Fourth $87.24 $29,075.49 $181.92 $29,344.71

Note that no data is removed, then at the end dbar-year period, 150TB will be stored!

3.4.1.2.2 Freetier scenario
[ SGoa O2yaARSNI y2g | fSaa RSYFYRAy3I aOSylINaAz2ad hyS D.
performed from the dashbaals that are retrieving a maximum of 1TB each month. The total cost per year is
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summarized in the table 2. Note queries are about each inserted data 1000 times! In this scenario the costs included
are only the costs of the storage because in BigQueryservice the freetier quotas are not exceeded for computing
and transfer,

Year Compute Storage Transfer Total
First $0.00 $0.07 $0.00 $0.07
Second $0.00 $2.33 $0.00 $2.33
Third $0.00 $5.61 $0.00 $5.61
Fourth $0.00 $8.89 $0.00 $8.89

The prices included in table 1 and table 2 refer to BigQueryservice because is the only platform that comprises in
its web offering the prices focompute storage andtransfer. However, the prices of other similar services such as
Redshiftof Synapse Analyticeeem to be fairly similar.

3.4.1.2.3 Conclusions from pricing

The Snowflakelatform is the most expensive from all the analyzed options. Even only considering the costs of its
storage, it shows to be more expensive that the total cost of any competitor. We believé ithaiot worth using the
Snowflakeplatform considering the facilities it provides from the point of view of system administration.

The cost of computing in the Redshift platform could not be calculated because the pricing model is different from the
one we are using. However, the cost of a platforifted by time is very hard to estimate because it is not known how
much time it will require to complete a process/calculation. It is also important to highlighgehesrlesservice is still

in previewso it seems not a good idea to use it in a produttnvironment. For these reasoti®e Redshift service is

also discarded.

Just considering the cost of the cloadlutions, theBigQueryservice fromGoogleand theSynapse Analytigdatform
service fromMicrosoft, have similar prices for similar features. We believe that from the price point of gither
BigQueryor Synapse Analyticshould be chosen to implement the data warehouse.

3.4.1.3 Development

As stated, price is the most important factor to be considered in otdehoose a data warehouse solution that can be
used in a production environment. There are also some other factors related to development activities to take into
account to select which data warehouse solution should be chosen.

Considering the developnmé point of view to take a decision makes sense because of the need to build software using
the service. It is desirable to avoid problems that may arise because the chosen platform does not provide good
documentation,or the interfaces are hard to use. &benchmark is based on a list of questions designed to evaluate
each solution. The final list of questions is summarized in table 3. However, those questions have been selected from a
more exhaustive benchmark and some of them have been reformulated tanbevered just using a score. The full
benchmark is included in the annex <reference: annex>.

The questions related to development that need to be answered for each platform can be grouped into three categories:
1. How good is the documentation provided foewklopment?
2. How good are the interfaces provided by the service?

3. How easy is it to use the service from an implementation point of view?
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’ How easy is it to find documentation about the resources?
How clear is the servigmcumentation?

How accurate is the service documentation?

Documentation

How useful are the examples included in the documentation?

How active is the user's community?

How easy is it to use the RESTful API interface?
How easy is it to use tHeython library interface?

How easy is it to load data into the storage?

Interface

How easy is it to perform SQL queries?

How stable are the service interfaces?

How easy is it to build a moeip environment?
How easy is it to create a test suite?

How useful is error reporting?

Usage

How good is the design of the interfaces?

How easy is it to extend the libraries?

Up to this point, the decision concerns only to betwdtigQuerand Synapse AnalyticEor each platform a score from
0 to 10 is assigned to each question. Table 4 summarizes the score for each question and the final average score for
each platform.

BigQuery -|

How easy is to find documentation about the resources? 9.00 1.50
How clear is the service documentation? 8.00 3.00
How accurate is the service documentation? 7.00 4.00
How useful are the examples included in thecumentation? 8.00 2.00
How active is the user's community? 9.60 0.40
How easy is to use the RESTful API interface? 7.00 8.00
How easy is to use the Python library interface? 7.00 0.00
How easy is to load data into the storage? 6.00 3.00
How easyis to perform SQL queries? 6.00 7.00
How stable are the service interfaces?

How easy is to build a moalp environment? 0.00 0.00
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BigQuery -|
How easy is to create a test suite? 6.00 4.00

How useful is error reporting?

How good is the design of thieterfaces? 6.50 2.00
How easy is to extend the libraries? 6.00 7.00
TOTAL 6.62 3.22

From the results on table 4, the service that got the highest scoBoiggle BigQueryThere are some final remarks
about both services that is worth sharing. From this evaluation it is also important to consider:

0 The activity of thalza S N &  Granvthednymber &f questions answered for each platformStack Overflow
was calculated

o The stability of interfaces cannot be easily determined if the evolution of the library is not considered. However,
that does not affect the final decision.

o Itis hard todeterminehow useful is the error reporting featuwdthout facing many errors when using the service.
We consider that this is not important enough to bias the final decision.

1 BigQuery Remarks

It was observed that thBigQuenyplatform has ayood documentation It also provides good implementation examples
using the Python programming languagowever, not goodisage examples were found for the RESTful interface.

However there is not an easy way to test the library without irgy the real platform There does not exist an emulator
for this service so building integration tests requires to configure a service for testing. This kind of tests may slightly
increase the price of using the service.

1 Synapse Analytics Remarks

The sameavay as theBigQueryservicethere does not exist an emulator foBynapse Analyticso building integration
tests is not as handy aswould be desirable.

Apart from that, thedocumentation is not wellorganized,and it is hard to find and understandSome described
concepts required to effectively use the platform to bederstood.

It was surprising to discover that tH&ynapse Analytigglatform does not offer a Python libraryHowever, any SQL
driver can be used to access the service. Despite df thenockup of a SQL client for our tests was not implemented
because tests of the SQL statements used within the SQL client would have to be performed

This section provides an overview of how the chodata warehouse solution fits ia the whole deployment. The main
reason to include a data warehouse solution is to store the results of the differentrditied operations and Al
modules and make them easily available, and to provide analgpizbilities to facilitate querying these results.

As was detailed in deliverable D1.3, the following image shows how the data warehouse fits in the global 1QS
architecture:
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Figure30: General 1QS architecture
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it seems that there is a single data warehouse for each quarry. However, this is not a rule of thumb: an operator that
owns several quarries might useetlsame data warehouse for all its quarries in nearby locations. The most important
points here are 1) dat&om different quarriess not shared and 2) data warehouse storage is located as close as possible

to the quarry it belongs to.

Focusing only on the components that are relevant for the Al services, the image below illustrates the role of the data
warehouse within the 1QS:
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Figure31: The role played by the data warehouse for the Al services

As shown in the figure, the services get the data required for their execution froméatselakeand store their results

in the data warehouseNote that due to data privacy and security, each quarry has a logically separated storage space
that will be physically located in the closest cloud region to each quarry. Services may also require accessing some
publicly available data, such as satellilgages, to be able to perform some training or inference tasks. The data
warehouse provides a SQL interface to query the results provided by each service.
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3.4.2.1 Query interface

As mentioned before, data stored in the Data Warehouse will be accessed throudghiat&tace. SQL is supported in
BigQuery by means of Google Standard SQL, an ANSI compliant Structured Query language that offers the following
types of statements:

1  Query statementsused to scan one or more tables or expressions. They are also kndatafuery Language
(DQL) and are the main method to analyze data in BigQuery.

1 Procedural languageprocedural extensions to BigQuery SQL that allow to execute multiple SQL statements in one
request.

1 Data definition languageallows to create and modify dabase objects such as tables, views, functions, and row
level access policies.

1 Data Manipulation Language (DML3llowsto update, insert, and delete data from your BigQuery tables.
91 Data Control Language (DCh)lowsto control BigQuery system resourcgsch as access and capacity.
1 Transaction Control Language (TCllowsto manage transactions for data modifications.

1 Other statements:provide additional functionality, such as exporting data.

BigQuery offers two possibilities to run SQL queries: interactive and batch queries. Interactive queriesreviieh

default, are executed as soon as possible. In contrast, batch queries are queued automatically and are run as soon as
idle resources aravailable in the BigQuery resource pool, which typically occurs within a few minutes. If a batch query
has not been run within 24 hours, its priority will be changed to interactive.

Only authorized users will be able to submit queries to BigQuery. Tresgagsions will be detailed at the end of this
section.

3.4.2.2 Access from dashboard:

The dashboards that allow to visualize the data generated by the different Al services will be implemented in Power BI.
Power Bl natively supports BigQuery, so importing dedenfthis warehouse is as simple as selecting BigQuery as the
data source and logging in with a user that is authorized to access the required resources.

3.4.2.3 Access rights (IAM):

D2 2 3t S Qa&pravideSasydMi@® control user access to the resources stamethe data warehouse, called 1AM
(Identity and Access Management). This system allows to specify which users (identities) have the appropriate access
rights (roles) to check a certain resource. These resources can be SQL databases or other datdsbalsespecific

views or tables within an SQL database.

Thus, in IAM, permissions are not granted directly to-asdrs. Instead, permissions are grouped into roles, which can
be then granted to authenticated users, principals

Lastly, atlAM policy(which can be either aallow or denypolicy), defines and enforces what roles are granted to which
principals. Policies are attached to resources, so when an authenticated principal attempts to access a resource, IAM
OKS Ol a (KS NXBSdeddezNidtBeRthe attiantishaldded.i 2

To sum up, the IAM model has three main parts:

Principal user that wishes to access a certain resource. It can be amsgrdor an application or compute workload.
Its identity can be an email address associatethwai user, service account or Google group, or a domain name
associated with a Google Workspace account or a Cloud Identity domain.
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Role set of permissions that determine the operations that are allowed on a resource. By granting a rpleéntcizal,
all permissions contained in that role will be granted.

Policy. collection of role bindings that bind one or more principals to individual roles.

The following figure illustrates the IAM model:
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3.4.2.4 Permissions to run SQL queries:
As it was introduced in the SQL interface description section, only authorized users will be able to submit SQL queries

and to retrieve data from the SQL database.

Onthe one hand, to run a query thisigquery.jobs.createpermission is required. This permission is included in the
following predefined roles:
roles/bigquery.admin

roles/bigquery.jobUser
roles/bigquery.user

On the other hand, it is necessary for a useh&wve access to all tables and views that the query reference, which is
granted by thebigquery.tables.getDatgermission. The following predefined roles include said permission:
roles/bigquery.admin

roles/bigquery.dataOwner
roles/bigquery.dataEditor

roles/bigquery.dataViewer
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The atrtificial intelligence services play a role in obtaining insighdshe operational data generated by the quarries.
The main goal is to extract value from raw data in order to provide quarry operators with information that helps them
in driving their business.

A total of six services are planned to be implemented, namely:
Aggregate quality determination

Grain size determination

Stockpile volume calculation

Detection of mechanical failures

NLP information and document search engine (Metaquarry)
Consumptions & product forecasting

These services have beendefined with respect to the plan presented in the Grant Agreement, after taking into
consideration the context, real business necessities and infrastructure of the different pilots. However, they all keep a
close link to the sefice areas that were defined in the proposal and address similar needs. The correspondence between
the original and newly proposed services is shown in the following table:

Original Service Areas New defined services
Metaquarry No Change
StockForecast 1.-Stock Pile Volume calculation

2.-Consumptions and Product Forecasting

Predictive Maintenance Detection of Mechanical Failures

Hawkeye 1.-Aggregate Quality Determination

2.-Grain Size Determination

Each of these services will be described in detail below, though there are some common points that are worth
mentioning.

In an ideal scenario, operation data comes only fromdata lake. However, there are some circumstances that require
to accesglata directly from the quarry, such as sensor values or images from cameras plasid. Mihenever it is
possible, data required by the Al services is retrieved from the data lake.

The following sections describe the architecture of each artificial intelligence solution. The base design principle is to
make them as similar to each other as possible to ease the understanding of the service. However, there are some
differences (mainly de to realtime data requirements):

For those services that require to process sale information coming from cameras, microphonasdother kind of
sensors, the service runtime environment is divided into a training that is executealondinfrastuctureand some
estimation process that is executed in thearry facilitieto process the realime information.

For the services that process rgahe information, some sensors have to be installedjirarry facilitiesto monitor
some machinery. Forxample, in the services that require visual inspection of the materials in conveyor belts, some
cameras have to be placed to obtain images that can be processed.
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The services that require some processing in the quarry may face some connéssivéy. For example, the Internet
provider may face some infrastructure issues that mikepossible to send processed results to the data warehouse.
These issues requirebaffering aggregatothat is placed to avoid missing some of the processed result

The general schema for services is to train a system using some existing data and the, once the system is trained, deploy
it on a cloud environment or to the quarry facilitieSable5: shows the meaning given to the icons used in the
architecture diagrams of the services described in the following sections.

Document g Metrics E% Microphone
I}, Camera |||l Statistics Text
$¢*d  Query ﬂ Estimation [ ttemlist

Image Model £ 74 Sensor

Signal

a d
Audio signal 0 Alarm Sentence
@ Data set A

3.4.3.1 Aggregate quality determination

This service aims astimating the quality of aggregatésomposition)on the line during production, based on visual
data captured by cameras, along with other external data, such as weather information.

The system will be neimtrusive and will allow to maximize the rwof-quarryprocess by improvinguarryplanning and
controlling the grinding process. It will also support automated notification and will keep a historical record to enable

further analysis of the data.
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Figure33: Base architecture of the aggregate quality determination service

Figure33Figure33 represents the architecture of the service. It has two distinct parts: théing components,
deployed in the cloud and whose objective is to train the Al algorithms of the estimator, and the estimation components,
which are deployed opremises and analyze live data coming from diuarriesto provide the quality of the extraed
materials. Each component will be described in detail below.

The Trainercomponent is in charge of creating a quality model that can be used by the estimator. It takes as input
historical data from thesitesthat have been stored in the data lake and rock images from generic datasets. Lastly, the
trainer stores metrics relatetb the generation of the modeih the data warehouse.

TheEstimatoreceives the images of the dime aggregates that have been captured by cameras lodatdtk quarries
and applies the modejeneratedoy the trainer to provide an estimationofthe a¢& I 1 Sa Q ljdzr t AGed L
data to account for changes in the environment that can affect the captured images, such as ambient lighting.

Finally, theAggregatorhas a twefold purpose. On the one hand implements a buffer to keep the ralis of the
estimator before storing them in the data warehouse, to avoid data loss in case of connectivity issues. On the other
hand, it evaluates the relevance of the results to decide if they will be stored or discarded, based on the results
themselvesand the metrics received from the estimator.

Interfaces:

Cloud:
Input Source Output Destination
Images of quarries Data lake Quality model Estimator
Generic images Generic data sets Statistics Data warehouse

Onpremises
Input Source Output Destination
Environment data Sensors Quality estimation Data warehouse
Realtime quarry images| Cameras Metrics Datawarehouse

“ GA #101003750 28 Juy 2022




D4.1 Report on IQS ICT requirement
, analysis

DIGIECOQUARRY Dissemination level: PU

Input Source Output Destination
Alarms Data warehouse
Corrective action Quarry

3.4.3.2 Grain size determination

The Grain size determination service has the goal of analyzing visual inputs to estimate the sizedf fragments
extracted from thesites The system will measure the grain size distribution as it goes throughutrey lines, being

able to detectoversize material and evaluate grain uniformity, which, in turn, will allow to reduce damage in the
crushing process and to maximize the efficiency of theafiquarry process.
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Figure34: Base architecture of the grain size determination service

Figure34 represents the architecture of the service. Similarly, to the aggregate quality determination service, the
Trainercomponent aims at creating a model that can be used byRbk#mator takingas input rock images from the

data lake and other generic data sets. These components are deployed in the cloud. The estimation components are
deployed on premises and, using the model created by the trainer and images capturedirathiesalong withother

sensor data to correct according to the environmental conditions, provide an estimation of the grain sizes.

As was the case with the previous service, Aggiregatorcomponent buffers the results of the estimator to avoid data
loss in case of connevity issues and evaluates them before storing them in the data warehouse.

Interfaces:

Cloud:
Input Source Output Destination
Images of quarries Data lake Grain size model Estimator
Generic images Generic data sets Statistics Data warehouse
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Onpremises:
Input Source Output Destination
Environment data Sensors Grain size estimation Data warehouse
Real time quarry imageg Cameras Metrics Datawarehouse
Alarms Data warehouse
Corrective action Quarry

3.4.3.3 Stockpile volume calculation

This service aims at analyzing visual and data inpupsdeide an estimation of the material volume in the different
piles of the plants, allowing operators to keep track of the stock available across the quarry. This knowledge will also
aid in optimizing production based on the stock level.
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Figure35: Base architecture of the stockpile volume calculation service

Figure35 shows the architecture of the service. In contrast to the services described so far, all its components are
deployed in the cloud, since there is no need for #&ake data processing.

In this case, the goal of th&raineris also to create a model that can be used by Esimator taking as input
information from the data lake and other generic data setsg storing metrics of this process in the data warehouse.
The Estimator will makeise of this model, along with images from the quafcameras and/or drone flights)
environment information from sensors and, potentially, satellite datr.,to generate an estimation of the volume of

a certain stockpile. This information, together ivthe metrics of the process, will also be stored in the data warehouse.

Interfaces:

Input Source Output Destination
Images of quarry Data lake Stockpile volume Estimator
stockpiles (historical) estimation model
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Input Source Output Destination
Generic stockpile image| Generic datasets Statistics (training) Data warehouse
Satellite Images Public satellite imagin{| Stockpile volumeg Data warehouse

services estimation
Images of quarry Camera&lrone flights Metrics (estimation) Data warehouse
stockpiles

The aim of the stockpile volume is not just to get a static result but to track the current volume and to interpolate
previous volumes when there is fiarther data (while awaiting updated inputs)rhis means the estimation is a single
numeric value from an independent execution but the output from the service in time is a time series that shows the
evolution of the stock.

3.4.3.4 Detection of mechanical failures

The anomalyetection service uses several kinds of devices (e.g., cameras, microphones, and sensors) to monitor the
behavior of the production line in the quarry to detect and prevent the malfunction or the failure of machinery involved

in the process. This serviadlows to implement a preventive maintenance system that, in turn, helps to lower
production costs.
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Figure36: Base architecture of the anomaly detection of mechanical failures service

Figure36 visually describes the architecture of the anomaly detectioniservl his service (as the aggregate quality and
grain size determination ones) requires thsstimatorto be executed in the quarryith reaktime access to the
information from monitoring devices. The estimator receives all sensor information and produces some results that are
given to anAggregatorthat schedules the insertion in the data warehouse. The estimator may eventually produee so
alerts that may require sending signals to PLCs to adjust the operation of the machinery or messages to monitoring
applications to inform about important issues related to machinery.

The execution of thé&stimatoris controlled by alrainerthat generaes the models used tanalysethe S& G A Y I (2 N
inputs. The trainer will use some external data sets to train an initial model that will be adjusted to the concrete quarry
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Interfaces:
Cloud:
Input Source Output Destination
Historical data off Data lake Anomaly detection| Estimator
anomalies model
Generic anomalies Generic data sets Statistics Data warehouse
Onpremises:
Input Source Output Destination
Environment data Sensors Anomalies Data warehouse
Machinery images Cameras Metrics Data warehouse
Audio information Microphones Alarms Data warehouse
Corrective action Quarry

3.4.3.5 NLP information and document search engine (Metaquarry)

The NLP information and document search engine retrieves information from a knowledge base that contains
documentation provided from each quarry. The goal is to find which documents are relevant to a query performed in
natural language. When the query @inulated as a question thiletaquarryservice will look for the response in the
documents retrieved and return the answer in natural language.

( - ( =
Knowledge : il
- Aggregator
ligi Base
&> '

Data ] ==
Lake 1 -

Natural Question

Language Answering Data
Module Module Warehouse
3 when a question is formulated
“.. ..ﬂ ()
.-

Figure37: Base architecture of the NLP information and document search engine service

Figure37 shows the base architecture of the NLP information and docurseatch engine service. The user interacts
with the system using an interface to be defined and gets a response for each natural language query he/she introduces.
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There is dNatural Language Modulthat converts the provided sentence into a query t&mowedge BaseThe later
produces a list of resulting documents for the query. TherAggregatorcomponent generates a response from the
list of relevant documents using Question Answering Modult® make the final response available in the data
warehouse.

The list of relevant documents returned by tK@owledge Basis calculated after indexing the documents in the data
lake made available by each quarry. Note that in the other services the seriarally operates on each quarry in an
independent way. Th&letaquarryservice requires a single instance per service.

Interfaces:
Input Source Output Destination
Collection of| Data lake Document list User/Data warehouse
documentation
Query User Textual response User/Data warehouse
Statistics Data warehouse

3.4.3.6 Consumptions and product forecasting

The consumption and produfitrecasting service analyzes operation information from the quarry to determine the real
cost of production and the volume of material produced to get some insights about how to optimize the production in
the sense of increase the profit of the quarry. TRervice also uses these estimations to produce some
recommendations on how the operation can be adjusted to optimize the production.

Generic
Datasets

[ |
L[]
Data % Trainer - Data
Lake ) @house
{ -
EEH I~
Estimator

External
Data

Figure38: Base architecture of the consumptions and product forecasting service

Figure38illustrates the base architecture to deploy a service able to estimate the cost of production and provide some
insights about actions to be taken to increase production efficiency. The ectiie is divided into a training activity,

that prepares an estimator for the concrete quarry and the estimation activity that analyses the operation data from

the quarry. TheTrainercomponent is responsible to retrieve historical data from the concliedzr NNB Q& R 4 |

some generic data that is publicly available, to train a model for the quarry. It will also store some training statistics in
the data warehouse to evaluate its performance. TE&imatorcomponent is responsible of processing théett
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produce a set of hourly estimations about production volume and costs that will be inserted into the data warehouse
for reference.

Duiing training, the system is fed with generic data such as the price of fuel, weather predictions, and some other
publicly available data that may be relevant to train a model. After the first model was trained, the data used for training
also includes spdiic data of the quarry the model is trained for. Training produces, as a result, the trained model and
some statistics about the training itself, such as, training time, the error produced by the model, and some other
information that is used to evaluatéthe training was correct.

During estimation, the system is fed with the latest unseen data from the quarry. The estimator may also require data
from external sources such as the weather forecast for several days ahead. The estimator then returns sicee me
about the performance of the model, such as how much time it took to generate the forecast, or the deviation between
the forecasted and the real scenarios. It also returns the forecast and some operation recommendations, that is, the
estimator returrs information of the production costs and volumes for the following hours and days, and some
suggestion about when the best hours are to make machinery works in order to increase the quarry profit.

Interfaces:
Input Source Output Destination
Historical production data Data lake Consumption model Estimator
Generic production data Generic data sets || Production and cost estimation Data warehouse
External data €.g., weather | Generic data sets | Statistics Data warehouse
information)

The selection of the services that will be implemented in each quarry has been carried out taking into account two
considerations: the services should be useful and interesting for the quarries and all services should be implemented.
¢2 3ASG 'y ARSF 2F (GKS FT2NXYSNE | ad2NBSe gl a akKlkNBR gA0GK
in the different services. Once the answers to the surveys were received, the following service distribution was proposed
and validated with quarry owners:

Al Service Area HANSON| HOLCIM| VICAT | CIMPOR CSl

Aggregate quality determination X

Grain sizeletermination X

Stockpile volume calculation X

Detection of mechanical failures X

NLP information and document
search engine (Metaquarry) X
Consumptions & product
forecasting X
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It is important to note that this is a first approximation. As development progresses, the possibility of implementing
services in quarries where they were not originally planned will be considered. Furthermsuisneill be shared with
all quarry owners to give them the chance teeealuate their interest.

3.5 BIM system

The intent of this section is to providegeneral overview of how the BIM system integrates with the data lake and
describe the overall BIM integration requirements.

BIM is planned to be used for 4D BIM planning and facility management. BIM for facility management provides
visualization, access the precise location and relationships of mining systems and equipment, and access to accurate
existing condition attribute data. The main goal is to enhance project performance, produce better outcomes and
produce an interactive BIM Common Data Envirentn(CDE) to enrich collaboration.

BIM service is divided into two different groups due to data required and integration differences.
1 BIM Common Data Environment (CDE) for facility management.
1 BIM Planning Environment

The planned scenario for BIM Common Data Environment (CDE) will directly integrate with the data lake using
application programming interfaces enanually andstore their results in Common Data Environment (CDE). BIM
Common Data Environment (CDE) incluféeterated 3D BIM Models of each site and data to be received from Data
Lake. All received data is stored facility data in 3D BIM element parameters and/oflbadead databases of the BIM
Expert system. The most important point here is the data will aat®egiith the 3D BIM model elements in both cases.

The planned scenario for Planning Environment will manually fetch data from the data lake and store their results as a
document locally. This service aimsdptimize haulage process, improve planning qtigland risk mitigation due to
visualization of the planned process.

Figure39illustrates the general architecture of the BIM system.
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Figure39: General architecture of BIM system

3.5.2 BIM Common Data Environment (CDE)

The BIM Common Dat&nvironment service consumes mainly 3 different types of data: Graphical model,
documentation and nofgraphical data. The system connects BIM models and project data in one environment, which
is deployed cloud. The project data and model will be associattdmetadata stored in a database of Common Data
Environment (CDE).

Graphical Model:

Graphical BIM models are developed and federated using design solutions such as Autodesk Revit, Bentley AECOsim,
Graphisoft ArchiCAD, Tekla etc. A Federated BIM modanmea set of 3D models related to specific disciplines
(structural, MEP, machinery, etc.) that are integrated into a single view to create a single complete digital twin model

of the building that is multidisciplinary and comprehensive. The purpose ofrgéng a federated 3D BIM model of

each site is sharing of information, coordination between disciplines and ease to use in the expert systems. Each quarry
should have a divided 3D BIM model due to the different locations and different facilities andremqiipypes. These

3D BIM models will be stored and correlated separately in Planning Environment and BIM Common Data Environment
(CDE). The important point here is that models can be shared in common file extensions supported by all expert system.
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The table below shows the analysis of file extensions that the expert system supports.

Input IFC 4 IFC 2x3 | RVT SKP OBJ
4D BIM Planning System X X

BIM Common Data X X X X
Environment (CDE)

Design Solutions X X X X X

Graphical BIM Model is planned to be stored as IFC Schema that information can be shared in a format which enables
and encourages interoperability.

Interfaces:
Input Source Output Destination
Drone Flight Output Pilot Sites 3D BIM models (IFC) Design Solution
Design Documents Pilot Sites 3D BIM models (IFC) Design Solution

Non-Graphical Model:

Nongraphical data consumes from the data lake using application programming interfaces (API) and manually. It can
be analyzed in two ways: Static and dynamic data.

Static data refers to a fixed data set or, data that remains the sarfeil SNJ A G Qa O2ftft SOGSR® { I
facilities, machinery and assets such as machine model number, year of manufacture, crusher capacity, and
area/volume data. These data will be stored directly in the model and integrated manually.

58yFYAO RFEGF o6L2¢0 NBFSNI (2 GKS RFEOGF GKFG O2yGAydz ff @
as energy consumption, frequency and operational mode. This type of data will be stored in the BIM Common Data
Environment (CDE) databe and integrated using application programming interfaces (API).

Figure40illustrates the Dynamic Data (loT) General Architecture.
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Web Security
Service (WSS)
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Figure40: General Architecture of Dynamic Data (I0T)

Interfaces:
Input Source Output Destination
: Data lake BIM Common Data
Dynamic Data (loT) (Automated) i Environment (CDE)
Data lak
Static Data ata lake - 3D BIM Model
(Manually)

Documentation:

Documents consume directly from partners or data lake according to availability. Although it is not possible to
determine the document types at this stage of the project, to sifpgthe understanding the specification documents
of the machines and maintenance documents of assets can be given as examples.

Interfaces:
Input Source Output Destination
Data lake, BIM Common Data
Documents Pilot Sites - .
Environment (CDE)
(Manually)
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Expert system in the planning environment requires winddased computers. The planning environment is divided
into 3 groups in itself.

1 4D BIMPIlanningservice is the only planning system in this group that will be integrated with the Federated
3D BIM model. It takes such as start time, finish time, quantity, quantity type, location data frogudnees
that have been stored in the data lakedaprovide modebased scheduling and modehsed estimating.

1 TimelLocation Planningservice works together with the 4D BIM Plannisygstem,and it is in charge of
optimizing the haulage process according to the received data.

1 Planning Analytics and Risk Alysisservice take the data from 4D BIM Planning and Tumeation services
manually and analyze the quality and risk of planning.

Interfaces:
Input Source Output Destination
Data lake : . .
. . . A Time Location Planning,
Mass Locations and Quantitieq Pilot Sites - . g
4D BIM Planning System
(Manually)
) Data lake Time Location Planning,
Labour & Machinery Pilot Sites ] 4D BIM Planning System
Productivity Rate
(Manually)
Data lake Time Location Planning,
Hauling Distance Pilot Sites - 4D BIM Planning System
(Manually)
Time Location Planning,
Mass Type D_a fa Ia_lke, i
. Pilot Sites - 4D BIM Planning System
(Characterization of Earth)
(Manually)
Data lake, Time Location Planning,
Labour & Machine Capacity | Pilot Sites - 4D BIM Planning System
(Manually)

3.6 Reporting andManagement tools

The management tool is the central part of the interaction with the -eisér of the 1QS and the DERecause of the
quarries, or rather of the workforce working in them. The management tools will not consider the typical tasks of IT
departments (updating or changing the data lake architecture, computer infrastructures, assess potential threats, etc.).

Themain function is to be a visualisation and reporting tooltfar main KPgenerated by the expert systems, combined

with information available in the data lake to meaningful and easily digestible output. This avoids the user having to
navigate between th different solutions of each partner. It is essential that all information is available in the data lake
and can interconnect the information from the different systenitss not convenient for the endsers to navigate between
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and use different tols for accessing information which could be provided conveniently in one single syltire quarry data are
compartmentalised in silos, it makes it impossible to create indicators (KPI) that involve data from different expert
systems and company functions.

The main functions are:

1 To allow the user to make modifications to the data stored in the data lake. Mainly because of errors in data
collection or because of a later interpretation of the real circumstances of the quarry/operation.

1 As manual input of quarry information or data.g. by emailing with attachments to the data lake.

¢ .SAy3a FotS G2 FAELGSNI YR FF33aINB3ILGS RFEGE FNRY Fff S
display data by start and end date, aggregating by weeksiths,or days by quarry, by country carea etc.

Time scale

Study area for
temporal

aggregation

Start date
DEQ - Data » Hisalgtr;cal

Aggregating Aggregating
by area by time

1 Enable the generation of performaa,usage or target evaluation reports (planned vs. actual).

1 Enable planning and reporting to all sections of the quarry, both to operators (downstream) and to different
departments of theorganization(upstream).

1 Export data to other data format®(g.,csv or xIsx)

1 Generate basic statistics according to needs (Exploratory Data Analysis), averages, maximums, minimums,
standard deviation, etc.

1 Generate graphical reports.

1 Run Python or R scripts.

¢KS FdzZ t 0 Sy OK \dondllly ARKAR avadaide inNBpertdik 1i ere below is a synthesis of the main
results related to the Business Intelligence components.

Theglobal view of the components that will be used to build IQS Business Intelligence salutidhe global costre
presentedin section3.3.1Results of the Benchmark for the béeT platformtools.

Below, some details are g forthe business intelligenceomponens:
- Description
- Metrics
- Costs
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Components Power Bland ElasticCloud DIGIECOQUARRY: USE CASE 2 ANALYSIS

FueiConsumption(¥t) per Machine

y Marith

Power Bl Service / Power Bl Embedded

Elastic Cloud {]

ElasticSearch Logstash Kibana

Description

- Power Bl is a Microsoft tool specifically dedicated to data exploration, analysis and visualization.
- Power BI offers th@ossibility to create dynamic and interactive dashboards.

- ELK Suite is used as Bl Component over the Cloud.

Metrics:
Feature 3 Power Bl Pro Power Bl Premium
Per user
Paginated (RDL) reports °
Model size limit 1GB 100 GB
Refresh rate 8/day 48/day
Advanced Al (text analytics, image
detection, automated machine °
learning)
Dataflows (direct query, linked and
computed entities, enhanced compute °
engine)
Costs:
Power Bl Pro Power Bl Premium
Per user/montt Per user/month 2
License individual users with modern, self-service License individual users to accelerate access to
analytics to visualize data with live dashboards and insights with advanced Al, unlock self-service
reports, and share insights across your data prep for big data, and simplify data
organization. management and access at enterprise scale

= Includes all the features available with Power B
Pro.

= Power Bl Pro is included in Microsoft 365 ES.

The following figure shows the main components of Power BI solution and how differentcasgribute to the design
of the dashboards and to the management of the environment, to make available the dashboards to the quarry end
users.
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Power Bl Desktop isdesktop tools built for the analyst and used to:
1 Create queries, datasetenport data from a wide variety of datsources
1 Create relationships and enrich our data model with new measures and data formats
1 Create, upload, publish and refresh publigiports
PowerBI service is a cloud service where Power Bl users can:

9 Discover and access data, reports, dashboards and other business inteligéated content which has been
shared with them.

1 Publish data, reports, dashboards and other business intelligeglaéed content that they have created.
1 Connect to ompremises and cloud data sources seamlessly, with scheduled refresh.
1 Share and distribute this content with authorized users, both inside and outside of the organization.

When a dataset author or repodesigner has finished developing and testing content created in Power Bl Desktop, the
.pbix file is published to a workspace in the Power Bl service. There are two types of workspaces in the Power Bl service:

 MyWorkspace: Every Power Bl user has a privaé®B |  OF f t SR daé& 22NJ] aLl 0S¢ 6K
personal use.

1 Workspace: Workspaces are shared workspaces where multiple users can collaborate. Workspaces are
typically created for a specific purpose and a specific audience.

There are two modd4] of interaction with reports in the Power Bl service: Edit Mode and Read Mode. If you are a
business user, you are moligely to use Read mode to consume reports created by other users. Edit mode is used by
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report designers, who create reports and share them with you. Read mode allows you to explore and interact with
reports created by colleagues.

A user with a Power Bl grlicense can interact with a dashboard in either read or write mode depending on the
permissions granted. A user with a free license can interact with the dashboards knowing that they are in a workspace
with a Premium capacity.

[1] https://docs.microsoft.com/frfr/power-bi/consumer/enduserreadingview

Multiple data sources (flat files, csxcel) will be used. Postgres SQL Database will be used as the main database when
the RDBMS is adapte@oncerning flat files (csexcel..) and thanks to power query, retrieved files can be transformed
before creating the reports, or loaded directly infmwer Bl to create the report. The integration of Power Bl solution
with the 1QS is described in sectidrB: IQS Integration: Focus on Power Bl

OnPremises Personal Data Gateway is used to refaésbgular intervals datasets uploaded to Power Bl Services. An
Enterprise gateway may be useddecurely refresh corporate datasets in Power Bl Service. A schedule refresh plan can
be defined to schedule when the data model and the dashboards must be refreshed. Thereby, Power Bl Pro license
allows up to 8 refresh per day, while a Power Bl Premiocem$ie allows to schedule up to 48 refresh per day.

3.6.3 Business management tools: First prototypes

This section will show the first prototypes created with Power Bl using first datasets examples provided by
DigiEcoQuarry partners and covering different qugngcesses. The goal is to initiate these business management tools
activities in an agile basis by enabling the creation of robemnmon,F Y R dza STdzZf Rl aKo2l NR (KL
needs.

Treatment plant production dashboard in Vic&enouillet pilot site:

Tons per Day/Family product TF and TR per Day

®TF @TR

30K
20K
7,
10K | ‘
oK 7.0
2022
Day

Family type ®(vide) @ Cumul Stacker @ Installation ... @Installation ... ®Tv Barres @Tv Peyssies

Tonnage
TF and TR (Hours)
)

janv. 2022 fevr. mars 2022 féwr, 2022 mars 2022 avr. 20

Day

TClLoad_rate), TD(Availability rate) and TSiStraegic rate) per Day

@®TC(Load_rate) @TD(Availability rate) ®TS(Strategic rate)
100 %

95 % W

a0 %

Load rate, Availability rate and Strat...

févr, 2022 mars 2022 avr. 2022

Day
To build this dashboard, we have relied on the Excel data provided by Vicat containing information on operatir
water consumption according to productions.
The first histogram shows the daily production (in tons)geduct Type. Data can be filtered and displayed per ¢
week, etc.
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https://docs.microsoft.com/fr-fr/power-bi/consumer/end-user-reading-view
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The second diagram shows TF (operating time) and TR (required time) that are calculated according to the
hours, maintenance hours.

The third diagram shows TC (load rate), TDilahidity rate), TS (strategic rate) that are calculated accordin
different times (operating hours, required hours, opening hours). These indicators are expressed as a percen
defined by period, in our case daily.

Treatment plant production dahboard in Holcim using a direct connection to Maestro/scada system:

Average REE, Average Ul, Average PRI, Average NAI and Total of production per Day
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Average REE, Average Ul Average PRI, Average NAI

Daily production

Thisdashboardrepresentsthe Running equipment effectiveness (REE), Net Availability lgilggregates (NAI)(%
Utilization IndexgAggregates (UI)(%), Production RetdexcAggregates (PRI)(%)) and the production per day,

To calculate those KPI we us¥ ¢ ¢ "Q¢ DY@ "Q0QQ DY REGA U n Qi @résént an ¥ TRON fi
retrieved by calling the Rest API provided by QPradaatioud platform developed by Maestro for Holcim plant
Since Holcim and Maestro are able to provide the data through an API REST in JSON format, we have create

script to collect this production data in a daily basis then control and insast dlata on a Postgres S(
Database.Power Bl has the ability to connect with a Postgres SQL base, compute the KPI and generate the
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To build this dashboard, we have relied on the Excel data provided by Metso containing information ¢
consumption of mobile crusher to be deployed in Vicat.

The first one describes the proportion between the effective fuel consumption and thesfiective consumption
of fuel per week. It can be seen that in the first two weeks there is a considerable increase in the consum
effective fuel followed by a decrease in the next two weeks.

The second is the consumption of effective fuel per sdatman be seen that only the scale 1 has been filled for
moment.

The third display shows an analysis of the Effective fuel consumption per month. This will allow you to see th
amount of fuel consumed per month and take the right decisions thasethis.
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Transport process Dashboard using Abaut data related to mobile machinery

L,m Transport Process
DIGIECOGUARRY
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To build this dashboard, we relied on the CSV data provided by Abaut containing information rela
transportaion and mobile machinery over a period of time.

The first describes the duration loading per truck identified by number plate.
The second is the duration of a cycle per truck which includes loading time, driving time and unloading time

The third is a pie chart showing the duration of driving in misutem the load location to the unload location p
truck.

On the left, the data can also be filtered by machine type, region name, region type.
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4 Global IQS integration

This section shows and describes all the components to be deployed or developed and how they will be integrated. For
each subsection, an UML components diagram depicts in several layers the components, their roles and how they
communicate.

4.11QS Integration Focus on Data Lake

Figure42: 1QS Integration Focus on Data Lake Platform
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