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1 Executive Summary 

This document reports the results of the IQS 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 
IoT/BIM/AI platform for smart quarrying (KTA4) that will be done in the frame of the WP4. 

CƛǊǎǘƭȅΣ ǘƘŜ ²tмΩǎ ŘŜƭƛǾŜǊŀōƭŜǎ ŀƴŘ ǘƘŜ 5оΦм ό[ƛǎǘ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ƪŜȅ Řŀǘŀ ƛƴǇǳǘǎύ ǿŜǊŜ ŘŜŜǇƭȅ analyzed to 
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 data 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 identify the necessary configurations of the 
interfaces to build to connect the IQS 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 tools that will be used to build the IQS. 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 IoT, the data warehouse platforms and for 
the business management tools are listed, costed, 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 components 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 
quarrying process, that seem to be relevant for the aggregates 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, Development of an integrated IoT/BIM/AI platform for smart quarrying [KTA4] led by AKKA, and involving 
the following other partners: ANEFA, Sandvik, Metso, Maxam, ITK, MUL, Chalmers, UPM-M, Abaut GmbH DH&P, 
ROCTIM, SIGMA, UPM-AI, Ma-estro SRL, ARCO and APP Consultoría. 

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 stakeholders. Several bilateral workshops have been organized with the pilot 
sites and between the technological partners to go deeply in the details of all the ICT requirements described within 
²tмΩǎ ŘŜƭƛǾŜǊŀōƭŜǎΦ ¢ƘŜǎŜ ǿƻǊƪǎƘƻǇǎ ŀƭƭƻǿŜŘ ǘƘŜ ǇŀǊǘƴŜǊǎ ǘƻ ƎǊŀŘǳŀƭƭȅ ōǳƛƭŘ ǘƘŜ ƛƴǾŜƴǘƻǊȅ ƻŦ ǘƘŜ ŜȄƛǎǘƛƴƎ L/¢ ŀǎǎŜǘǎ ƻŦ 
each pilot site and to define what could be deployed, and how, on the quarries, to fulfil 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 criteria, and identifying potential solutions. 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: 

¶ The solutions to be deployed in the quarries: networks, devices, tools, and architectures 

¶ The data flows between these solutions 

¶ The related/proposed data models 

¶ The needed interfaces 

¶ The additional services related to: 

o The IoT platform and the data lakes, 

o The data warehouse and the AI system, 

o The BIM systems, 

o 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 frame of the WP2: Selection and development of 
innovative aggregates processing techniques [KTA1, KTA2], WP3: Development of sensors, automation, and process 
control [KTA3] and WP4: Development of an integrated IoT/ BIM/AI platform for smart quarrying [KTA4]. 
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3 ICT requirements analysis 

3.1 Networks and devices deployed in the quarries 

3.1.1 HANSON 

3.1.1.1 Inventory of the existing ICT assets 

The following table provides a high-level view of the expert systems, interfaces, contents summary, format, data 
sharing, and partners involved ǿƛǘƘƛƴ ǘƘƛǎ ǎƛǘŜΦ Lǘ ŜƴŀōƭŜǎ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ Ǉƛƭƻǘ ǎƛǘŜΩǎ Řŀǘŀ ŦƭƻǿΦ tƭŜŀǎŜ ǊŜŦŜǊ ǘƻ 5оΦм ǘƻ 
have a detailed view of the data. 

System 
Expert 

Description of the 
function 

Interface type 
provided 

Content Format Shared 
data 
through 

 
Shared 
data with 

HANSON 
Expert 
system: 
COPA, 
AOM/IoT 
system 

Quarry management 
system 

Manual upload Historical data 

Production data 

Maintenance data 

General information data 

Specific data (amount of 
material at the bypass of 
the crusher) 

xls, pdf Data 
Lake 

BMT 
SIGMA  
APP 
ABAUT 
MUL 
UPM-M 
MAXAM 
SANDVIK 

{!b5±LYΩǎ 
cloud 
platform  

Data measurement 
during the drilling 
process 

 

Sandvik OEM cloud 
with an API, 
Manual upload, 
and download 

MWD Signals IREDES (xml) 

Json, csv 

Data 
Lake 

MAXAM, 
SANDVIK, 
MUL, 
HANSON, 
UPM-M, 
ABAUT 
SIGMA: 
Hawkeye 
APP 
 

a!·!aΩǎ 
Blast Design 
software, 
RIOBLAST 

blast design 
optimization 

automatic assessment 
of rock structure. 

Explosive performance 
assessment 

Borehole condition 
and resulting advance 

control of the blast 
results including rock 
damage assessment 

Manual Reports csv, xls Data 
Lake 

MAXAM, 
SANDVIK, 
MUL, 
HANSON, 
UPM-M, 
ABAUT  
SIGMA: 
Hawkeye 
APP 
 

UPM-M 
 

 

Quality distributions 
using UAV-made block 
models 

Rock mass 
characterization 
techniques. 

 

Manual SHARED INPUTS 

¶ UAV 
photogrammetric 
acquisition 

¶ Internal hole wall 
video 

Standard/Proprietary  Data 
Lake 

MAXAM, 
SANDVIK, 
MUL, 
HANSON, 
UPM-M, 
ABAUT 
SIGMA: 
Hawkeye 
APP 
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System 
Expert 

Description of the 
function 

Interface type 
provided 

Content Format Shared 
data 
through 

 
Shared 
data with 

¶ Log of vibration 
signal 

¶ Detonation pressure 

SHARED OUTPUTS 

¶ Cloud points 

¶ 3D geo-ref model 

¶ Seismic propagation 
velocities 

¶ Seismic quality 
factors of the rock 
mass 

¶ Fracturing index 

 

MUL implementation of a 
drill to mill concept.  

cost/efficiency analysis 
in order to optimize 
the blasting procedure 
used 

Manual upload and 
download 

¶ Particle size 
distribution 

¶ Muck pile 
characteristics 

¶ Quality (rock type, 
hardness) 

¶ Experimental setup 
(layout, explosives, 
delay time) 

Json, csv Data 
Lake 

MAXAM, 
SANDVIK, 
MUL, 
HANSON, 
UPM-M, 
ABAUT 
SIGMA: 
Hawkeye 
APP 
 

ABAUT Product mass flow 

Fleet performance 

Reports 

Implementation of drill 
to mill concept 

Manual and 
automatic 
upload/download 

¶ Work time of Pecker 

¶ Production [sum of 
tonnage, tons/h] per 
machine and 
locations 

¶ Geofence 

¶ Cycle times 

¶ Duration 
loading/hauling/unlo
ading/idling 

¶ Number of cycles 

¶ Haulage distance 

¶ Number of 
passes/scoops for 
loading a truck 

¶ Loading 
performance 

¶ Recognition of 
environment using 
cameras 

 Standard/Proprietary Data 
shared in 
Abaut 
expert 
system 
and in  

MAXAM, 
SANDVIK, 
MUL, 
HANSON, 
UPM-M, 
ABAUT 
SIGMA: 
Hawkeye 
APP 
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System 
Expert 

Description of the 
function 

Interface type 
provided 

Content Format Shared 
data 
through 

 
Shared 
data with 

¶ Recognition of 
activities using 
cameras 

BMT Generate, store and 
share reports and 
dashboard 

manual upload ¶ Dynamic and static 
view of data and 
KPIs shared 

pdf, xls Data 
Lake 

HANSON 
 

3.1.1.1.1 Data flow 

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

 

Figure 1: Iŀƴǎƻƴ Ψǎ Data Flow Diagram 

Hanson is the reference pilot site for KTA1 (improved extraction, rock mass characterisation and control) Within 
IŀƴǎƻƴΩǎ Řŀǘŀ ƭŀƪŜΣ ǇŀǊǘƴŜǊǎ ǿƻǊƪƛƴƎ ƻƴ Y¢!м ǿƛƭƭ ŜȄŎƘŀƴƎŜ Řŀǘŀ ŀƴŘ ǊŜǎǳƭǘǎ ŘǳǊƛƴƎ ǎŜǾŜǊŀƭ ǇŜǊƛƻŘǎ ƻǊ ǘŜǎǘ ŎŀƳǇŀƛƎƴǎΦ 
After each blasting operaǘƛƻƴΣ {ŀƴŘǾƛƪ ǿƛƭƭ ŎƻƭƭŜŎǘ ŀƴŘ ǎƘŀǊŜ a²5 ƛƴŦƻǊƳŀǘƛƻƴ όǊŜǇƻǊǘǎΧ¢.5ύΦ CǳǊǘƘŜǊƳƻǊŜ ƛƳŀƎŜǎΣ 
videos and logs of vibration will also be stored and shared MUL and UPM-M. Hanson will also contribute by storing data 
related to the primary crushing process of this blasted 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 reports related to the vibrations due to the blasting 
operations. 

Hanson is also the reference pilot site for KTA3.2 (monitoring sensors and analysing tools both for Mobile Machinery in 
[ƻŀŘƛƴƎ ϧ¢ǊŀƴǎǇƻǊǘ ŀƴŘ ŦƻǊ ǘƘŜ ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ǿƻǊƪŜǊǎύΦ !ōŀǳǘΣ ǳǎƛƴƎ IŀƴǎƻƴΩǎ ƎŜƴeral information, will store KPIs 
related to the mobile machineries: usages, cycles, transportation times, distances, loading performance and transported 
tons. 

Sigma/UPM-AI will retrieve dataset from Hanson to run their Hawkeye tool (used for aggregate quality and 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 
KPIs, reports and processed data which will bring added value for the management of the quarry. 

3.1.1.2 Advanced rock mass characterisation (KTA1.1) 

3.1.1.2.1 MAXAM 

A new methodology to assess rock mass quality from drill-monitoring data to guide blasting in open pit operations. 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 minimize external influences other than the rock mass will be applied. 

The first index is a Structural factor that classifies the rock mass condition in three classes (massive, fractured and heavily 
fractured). From it, a Structural Block model has been developed to simplify 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 combination of MWD 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 the X-Rock model. This model, 
exclusively obtained from drill monitoring data, can provide an automatic assessment of rock structure, strength to be 
used as a Rock Factor.  

The mathematical model of the X-wƻŎƪ ƛǎ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ a!·!aΩǎ .ƭŀǎǘ 5ŜǎƛƎƴ ǎƻŦǘǿŀǊŜΣ wLh.[!{¢Σ ŀƴŘ ƛǎ ŎǳǎǘƻƳƛȊŜŘ 
and calibrated for each drill/quarry/mine; it filters and normalizes automatically the MWD data to remove external 
influences different than the rock. Figure 2 shows an example of the model. 

The output of the X-Rock model can be exported in *.csv or *.xlsx format to be imported into the DEQ Data Lake. 
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Figure 2: Rock characterization form X-Rock model 

 

3.1.1.2.2 SANDVIK 

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

IREDES files can be transferred using Sandvik cloud platforms with manual upload and download. In addition, APIs for 
automatic retrieval of files can be made available. IREDES files can also be transferred manually using USB flash drives. 

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

Equipment utilization data will be available as Excel files in Sandvik cloud environment ς an API extension to download 
and automatically retrieve in CSV or JSON formats will be developed. 

Custom data loggers, e.g., for CAN bus data should not be integrated directly to higher level systems, but first parsed to 
a standard format suitable for integration into databases. 

Main inputs for drilling execution are 1) drill plans in IREDES format (manual import and conversion from other formats 
is possible) and 2) surface models in LandXML format (conversion from DWG and DXF is possible). 

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

3.1.1.2.3 UPM-M 

Structural rock conditions (jointing, cavities, etc.) and lithology changes will be investigated from in-borehole images 
and/or photogrammetric models of the highwall faces. The 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 discontinuities characteristics, like orientation, 
spacing between discontinuities, fracture length, from these softwares will be an input to calculate the In-situ Block Size 
Distributions (IBSD) with Fracman suit or Matlab; for the latter non-parametric distributions will be used.  
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The drilling data recorded while drilling or Measurement-While 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 clay patches 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 technology (KTA1.2) 

Drilling productivity, performance and settings follow-up using the data logging and transfer means described in section 
3.1.1.2.2. Focus is on the MWD data and drilling production KPIs. 

3.1.1.4 Better explosives characterisation (KTA1.3) 

3.1.1.4.1 MAXAM 

The Selective Energy combines a series of innovative and technological components designed to deliver in each borehole 
ǘƘŜ ǊƛƎƘǘ ǉǳŀƴǘƛǘȅ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǘƘŜ ŜȄǇƭƻǎƛǾŜΩǎ ŜƴŜǊƎȅ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜ ǊƻŎƪΦ Lƴ ƻǊŘŜǊ ǘƻ ŎŀǊǊȅ 
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, allows 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 g/cm3 - 1.35 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 energy) along the borehole itself according to specific loading 
profiles or as per the type of rock defined by the X-Rock (geotechnical and hardness domains, as exemplified in Figure 
2¡Error! No se encuentra el origen de la referencia.). Figure 3 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 blasthole (as from the X-Rock), considering the drill pattern, with the goal to obtain a specific fragmentation 
size that will optimize both digging and comminution rates. 

 

Figure 3: Example of the adjustment of density of the explosive according to the characteristics of the rock obtained with the X-Rock  
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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 exported in either *.cvs, *.xlsx or *.XML format files to be imported into 
DEQ ς Data Lake. 

3.1.1.4.2 UPM-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 velocity of VOD and the calculation of detonation pressure from 

pressure-time histories. For more details on the input data refer to Deliverable 3.1. 

3.1.1.5 Blasting Results Control through on-site novel technologies (KTA1.4) 

3.1.1.5.1 MAXAM 

Systematic quality control processes during drilling and blasting operations must be carried out by collecting and 
ŘƛƎƛǘŀƭƛȊƛƴƎ ŦƛŜƭŘ Řŀǘŀ ƻŦ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǾŀǊƛŀōƭŜκǎǘŀƎŜǎ ǘƘŀǘ ƘŀǾŜ ŀƴ ƛƳǇŀŎǘ ƛƴ ōƭŀǎǘƛƴƎ ǊŜǎǳƭǘǎΦ CƻǊ ǘƘŀǘ a!·!aΩǎ 5ƛƎƛǘŀƭ 
Tools will be implemented developed on site and customized for 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 designing, analyzing, and simulating 

different blasting configurations according to real rock characteristics. 

 

Figure 4. RIOBLAST Software for blast design and simulation. 

 

2. MAXAM BLAST CENTER 

A cloud-based hub that enables the full digitalization, management, traceability, and analysis of blasting services. It 

ƛƴǘŜƎǊŀǘŜǎ ǘƘŜ Ƴƻǎǘ ƴƻǾŜƭ a!·!aΩǎ ŘƛƎƛǘŀƭ ǘƻƻƭǎ ǎǳŎƘ ŀǎ wLh.[!{¢Σ ·-Logger and X-Truck, to ensure a reliable 

ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ŘƛŦŦŜǊŜƴǘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŎƻƳǇƻƴŜƴǘǎ ƻŦ a!·!aΩǎ ·-Energy solutions. 
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Figure 5. MAXAM Blast Center is a digital platform. 

3. X-LOGGER 

A secure, efficient, and user-friendly portable device application to collect, verify and update drilling and blasting data 

on the bench. As a fundamental part of MAXAM Digital Tools, X-LOGGER brings the opportunity to easily digitalize vital 

information for a sustainable blasting optimization program. When using X-Logger, all the information is transferred in 

real time to Blast Center, this even includes 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, including off-line mode communications. 

 

Figure 6. X-LOGGER, app to actual data collection. 

 
4. X-TRUCK 

Lǎ ǘƘŜ ƴŜǿ ƎŜƴŜǊŀǘƛƻƴ ƻŦ a!·!aΩǎ Ŧǳƭƭȅ ŘƛƎƛǘŀƭƛȊŜŘ aƻōƛƭŜ {ŜƴǎƛǘƛȊƛƴƎ ¦ƴƛǘ όa{¦ύΦ !ǎ ǇŀǊǘ ƻŦ ƻǳǊ ŘƛƎƛǘŀƭ ŎŀǇŀōƛƭƛǘƛŜǎ ŦƻǊ 

optimizing loading operations with real-time data exchange and transparence, X-TRUCK integration with MAXAM digital 

environment via Blast Center allows designed loading plans to be accurately executed in the bench, and actual as-loaded 

data be remotely reported in real time. The possibility to collect information from the truck is not mandatory 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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Figure 7. X-Truck. Digitalization and integration of MSUs. 

 

Systematic quality control processes 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 specifications 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 specifications. This information will be later exported 
in either *.cvs, *.xlsx or *.XML format files to be imported into DEQ ς Data Lake and to correlate with blasting results to 
optimize fragmentation and digging and comminution performance. 

3.1.1.5.2 UPM-M 

A comprehensive 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 models will be analyzed 
with BlastMetrix software (3GSM), quarry X (Geo-Koncept) and the open-source 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 the muck piles will be analyzed with a fragmentation analysis software, e.g., 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 at that location will be used to calibrate the size distributions.  

Measurements from geophones in the near field will be analyzed and processed with MATLAB to calibrate the semi-
analytical full-field solution model. For this, detonation pressure measurements will be an input to simulate the shock 
pressure acting on the borehole walls. 

3.1.1.6 Drill-to-mill (D2M) concept implementation (KTA1.5) 

3.1.1.6.1 MAXAM 
Overall (drill to mill ς D2M) assessment will be defined. Based on the rock characterization and drilling QAQC, the best 
blast configuration (explosive type, characteristics, and timing) will be customized to optimize rock fragmentation 
(homogeneous and desirable particle size), muck pile digging efficiency indicators and comminution performance data, 
all of them integrated in an overall cost/efficiency analysis to define the blasting 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 second blasting 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 used as data source for processing and throughput modelling. MWD data input with refined and specific 
drill rig output uses the means defined in Section 3.1.1.2.2. 

3.1.1.6.3 ABAUT - Mass flow and loading ς hauling ς dumping activities 

Abaut will install Abaut Edge [sensor device consisting in sensor, antenna, and power supply] and Abaut mView [camera 
system for mobile machinery consisting of a camera, a holder for the cabin and a power supply] in the mobile machinery 
of Hanson in Valdilecha. More details about the use and components will be described in 3.1.1.7. The information that 
will be provided for the D2M Concept will be: 

- Cycle times: Split according to the machinesΩ activities. 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 and unloading positions according to its location in 
the quarry in the cartographic system WGS84. In addition to the coordinate system, a geofence system will be 
created for also having the corresponding working name of the area [e.g., Bench 1, Crusher, etc.]. The 
information shared will be used to create a full mass flow reporting and monitoring system that can track each 
single truck, loading machine and tonnage from its origin until the dumping point.  

3.1.1.6.4 UPM-M 

The fragmentation energy-fan principles will be employed to predict fragmentation from blasting using rock mass 
properties (i.e., number of natural fines, spacing between fractures, orientation of discontinuities with respect the 
highwall face, IBSD distributions), blast characteristics (i.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 mucking efficiency, 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 &Transport and for 
the recognition of workers (KTA3.2) 

abaut, as explained in  3.1.1.6.3, will install the patented abaut Edge sensor system and mView system in the mobile 
fleet of Hanson. It consists of sensor Edge device, antenna, and power supply. The system can be installed in any mobile 
heavy machine without the need of any retrofit kits and is independent of the age, brand, and model of the mobile 
equipment. 

1 

Figure 8: abaut Edge sensor system 
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The camera system, Abaut mView, will be installed in the cabin of the mobile machine providing a similar view as the 
one the operator has. Abaut mView is powered over ethernet [PoE] and is installed at the front wind-shield with the 
special holder for this purpose.  

 

 

Figure 9: abaut mView 

The data sent by the camera and sensor is automatically analyzed by the expert system of Abaut and will provide 
analytics and re-create the quarry activities in the digital twin of Abaut analytics, the cloud base Analytics that Abaut 
develops as Expert System Analytical tool.  

 

 

Figure 10: abaut Analytics 

Analytics, consists in 4 modules 

- Production Mass flow: Origin and destination of the internal quarry logistics and production 

- Analysis of Inefficiencies: Possibility to identify the different bottlenecks at the transport routes and idling times 
of all the fleet by duration, location, and mobile machine. The camera data will help to understand the working 
environment and take actions according to the affections detected 
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- Fleet Performance: Detailed analysis of cycle times, productivity, availability, and machinery utilization 

- Reporting: Module dedicated to reporting and data sharing 

The access to the first 3 modules will be done via User ς Password credentials via web application. The last module, 
Reporting, can also integrate a VPN option, that allows to automatically send some predefined reports [e.g., Internal 
Logistics ς Transports] directly to the data lake, IQS or to the reporting system of the quarry. 

For more details regarding the complete Input-Output feature list, please go to the Appendix section included at D3.1 
Definition of requirements and characteristics of the data inputs. 

In the image below, internal data flow of AōŀǳǘΩ ǎ expert system, is possible to observe AōŀǳǘΩ ǎ data flow system, 
starting from the generation of the data via Abaut Edge & mView, the analysis of the data generated and the integration 
in the IQS/data lake system of DigiEcoQuarry: 

 

Figure 11: Aōŀǳǘ Ψǎ Expert System internal data flow 

 

3.1.2 VICAT 

3.1.2.1 Inventory of the existing ICT assets 

The following table provides a high-level view of the expert systems, interfaces, contents summary, format, data 
sharing, ŀƴŘ ǇŀǊǘƴŜǊǎ ƛƴǾƻƭǾŜŘ ǿƛǘƘƛƴ ǘƘƛǎ ǎƛǘŜΦ Lǘ ŜƴŀōƭŜǎ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ Ǉƛƭƻǘ ǎƛǘŜΩǎ Řŀǘŀ ŦƭƻǿΦ tƭŜŀǎŜ ǊŜŦŜǊ ǘƻ 5оΦм ǘƻ 
have a detailed view of the data. 

System 
Expert 

Description of 
the function 

Interface 
type 
provided 

Content Format Shared data 
through 

Shared data with 

Vicat 
Expert 
Systems 
and 
reporting 
tools 

Quarry 
management 
system: Store 
and Upload data 

API/Manual 
upload and 
download

Historical data 

Production data 

Water consumption data 

General information data 

Documentation for Metaquarry 

xls Data Lake 
BMT 
SIGMA: Metaquarry 
APP 
ABAUT: abaut Analytics 
METSO 
ARCO 
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System 
Expert 

Description of 
the function 

Interface 
type 
provided 

Content Format Shared data 
through 

Shared data with 

Arco 
Expert 
system 

Store weighting 
data 

API weighting data json Data Lake 
VICAT 
BMT 
APP 

Maestro/
QProd 
(Not yet 
agreed at 
this stage 
of the 
project, to 
be 
confirmed
) 

Store 
production data 

REST API Production data Json  Data Lake 
VICAT 
BMT 
APP 

Metso 
/Metrics 

Store 
production and 
environment 
KPIs  

 

Rest API 

Manual 
upload 

Noise data 

Production data 

Running hours data 

Fuel consumption (effective and 
non-effective) 

csv Data Lake 
VICAT 
BMT 

APP 

Abaut 
Analytics 

Store data. 

 

API Recognition of activities 
results data. 

 

csv Data Lake 
VICAT 
BMT 
APP 
SIGMA: Metaquarry 

BMT Generate, store 

and share 

reports and 

dashboard 

manual 
upload 

Dynamic and static view of data 
and KPIs shared 

pdf, xls Data Lake 
VICAT 
 

 

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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Figure 12: ±ƛŎŀǘΩǎ 5ŀǘŀ Cƭƻǿ 5ƛŀƎǊŀƳ 

Within its data lake, Vicat will store historical data and production data related to the production of material and water 
ŎƻƴǎǳƳǇǘƛƻƴ ƻƴ ŀ Řŀƛƭȅ ƻǊ ƳƻƴǘƘƭȅ ōŀǎƛǎΦ !ŘŘƛǘƛƻƴŀƭ ŘŀǘŀΣ ǎǳŎƘ ŀǎ ǇǊƻŘǳŎǘƛƻƴ YtLǎ ŘŀǘŀΣ ŦǊƻƳ ±ƛŎŀǘΩǎ ǎŎŀŘŀ ǎȅǎǘŜƳ ŀƴŘ 
ŦǊƻƳ !w/hΩǎ ǿŜƛƎƘǘƛƴƎ ǎȅǎǘŜƳΣ ǎǇŜŎƛŦƛŎ ǇǊƻŘǳŎǘƛƻƴ Řŀǘŀ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ YtLǎ Řŀǘŀ ŎƻƳƛƴƎ ŦǊƻƳ aŜǘǎƻΩǎ ŜȄǇŜǊǘ 
system will also be stored. This data will be available, according to their rights, and usable by external partners. As such, 
!ōŀǳǘ ǿƛƭƭ ǊŜǘǊƛŜǾŜ ±ƛŎŀǘΩǎ ƎŜƴŜǊŀƭ information. Abaut will store in return, recognition of activities results data.  

Sigma/UPM-AI will retrieve dataset from Vicat to run their Metaquarry tool (NLP information and document search 
engine) 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. Vicat 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. 

 

3.1.2.1.2 Data model 

After a first analysis of Treatment plant production provided by Vicat and Hanson. The following diagram shows the first 
version of the data model deducted from data provided by Vicat. 
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Figure 13: "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:  

 

 

 

 

3.1.2.2 Innovative mobile crusher (KTA2.1) 

Metso Outotec will deliver a LT1213SE track mounted mobile horizontal impact crusher with innovative features to 
±L/!¢ Ǉƛƭƻǘ ǎƛǘŜΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ άǘǊŀŘƛǘƛƻƴŀƭέ Řŀǘŀ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ƳŀŎƘƛƴŜ ǎǘŀǘǳǎ e.g., engine power and crusher 
speed, new noise sensors will be installed, and thus new noise data will be available. Available noise data will be: 
measured a-weighted sound pressure (e.g., 15-minute averages), measured a-weighted sound pressure for fast-idle 
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ƻǇŜǊŀǘƛƴƎ όƳŀŎƘƛƴŜ ǊǳƴƴƛƴƎΣ ƴƻ ƭƻŀŘύ ŀƴŘ ƳŜŀǎǳǊŜŘ ōŀŎƪƎǊƻǳƴŘ ƴƻƛǎŜ όƳŀŎƘƛƴŜ ǘǳǊƴŜŘ ƻŦŦύΦ CƻǊ ǘƘŜ 59vΣ ŀ ǎƛƴƎƭŜ άǇƻƛƴǘ 
ƻŦ ŎƻƴǘŀŎǘέ ƳŜǘƘƻŘ ƻŦ ǎƘŀǊƛƴƎ Řŀǘŀ ǿƛƭƭ ōŜ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ǘƘŜ ƳŀŎƘƛƴŜΦ ¢ƘǊƻǳƎh this new solution (on-board 
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 IQS will be treated onboard the machine to match the 
required format. The shared data is separate from data utilized by the automation system of the machine. The data 
flow from the on-board computer is described in the following figure. 

 

Figure 14: Metso: Outotec LT1213SE data flow to IQS 

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

Arco Weighing system can weigh material in flow through a bridge installed on a conveyor belt. 

AP-DEQ-07: Integrated weighing 

Control of production at the different 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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Real-time display. 

Calibration and adjustment of equipment. 

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. 

 

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

 

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 
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The Arco Mineral 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. 

Arco system will provide access to instant data and to production data using two APIs.  

The following rules give an example of how to connect and access accumulated production data per day: 

The date format is YYYY-MM-DD  

A GET request to https://demo.arcoelectronica.es:8090/resources/produccion/2022-05-21 must be performed (the 
date is added as a parameter) and using a Token: mSbRLMWNmu7/WSU71xCMomUbIAjWI0XOYwvGrNByg44 

A json response like the following is returned in the following format:  
[{ 

        "DEVICE": "PI-1",         
        "DATE": "2022-05-21", 
        "TURN1_AUT": 1344.22, 
        "TURN2_AUT": 5405.41, 
        "TURN3_AUT": 3419.2, 
        "TURN1_MAN": 314.22, 
        "TURN2_MAN": 425.41, 
        "TURN3_MAN": 439.2, 
        "TOTAL": 11347.66  

}, 
       {"DEVICE": "PI-2",         
        "DATE": "2022-05-21", 
        "TURN1_AUT": 344.22, 
        "TURN2_AUT": 405.41, 
        "TURN3_AUT": 419.2, 
        "TURN1_MAN": 14.22, 
        "TURN2_MAN": 25.41, 
        "TURN3_MAN": 39.2, 
        "TOTAL": 1247.66 

}] 

Description of the fields: 

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 team in automatic 

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 

 

https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdemo.arcoelectronica.es%3A8090%2Fresources%2Fproduccion%2F2022-05-21&data=05%7C01%7CAnne-Gaelle.YAR%40akka.eu%7C82052c57134446a7e4f208da6ee09dbe%7Ced0e34146e56454c8a82eb80befb738b%7C1%7C0%7C637944208260632045%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=ESNUgdpFEhHhFhmUggG1%2B0lAn0GRIwz1lgMUDyMlIBc%3D&reserved=0
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3.1.2.4 Monitoring sensors and analysing tools both for Mobile Machinery in Loading &Transport and for 
the recognition of workers (KTA3.2) 

Abaut will install abaut mView module in Vicat for analyzing the type of material that has been sent to the plant on each 
truck.  

The idea is to identify in near-real-time the type of material transport and if this material contains any kind of pollutants 
[e.g., plastics, woods or steel bars between the material that is going to be processed] can affect the different processes 
at the processing plant.  

At VICAT, the camera module mView will transmit the data generated to the expert system of abaut. The information 
will be analyzed and then displayed in Analytics for its analysis and decision-making step. This step is still under 
development and right now is only possible to offer a preliminary data flow system that will be tested at VICAT 

 

Figure 15: Aōŀǳǘ Ψǎ data flow system in VICAT 

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

- The truck will arrive at the processing plant and the system will take pictures from the top of the truck e.g., 
every 2 seconds [or any period of time] in order to get enough picture data for detecting the pollutants at the 
surface of the pile. The format of each picture taken will be a JPG and they will be transmitted to the data base 
of abaut. 

- Once the images are received at the data, the AI-ML algorithm will analyze the picture in order to detect, if it 
exists, certain pollutants at the materials [e.g., plastics, woods or any other residues] 

- The results of the analysis will be then displayed at the web cloud front end system in order to be visualized 

- The responsible person of the quarry can login 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 already not being define.  The 
starting of this activity is planned for June 2023 so, the main actions are going to take place during the second half of 
2022 and not at this early stage. 
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3.1.3 HOLCIM 

3.1.3.1 Inventory of the existing ICT assets 

The following table provides a high-level view of the expert systems, interfaces, contents summary, format, data 
sharing, ŀƴŘ ǇŀǊǘƴŜǊǎ ƛƴǾƻƭǾŜŘ ǿƛǘƘƛƴ ǘƘƛǎ ǎƛǘŜΦ Lǘ ŜƴŀōƭŜǎ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ Ǉƛƭƻǘ ǎƛǘŜΩǎ Řŀǘŀ ŦƭƻǿΦ tƭŜŀǎŜ refer to D3.1 to 
have a detailed view of the data. 

System 
Expert 

Description of the function Interface type 
provided 

Content Format Shared data 
through 

Shared data 
with 

Holcim 
Expert 
System: 
SAP 

Quarry management system 
(Store and Upload data) 

Manual upload 
and download 

Historical data 

Production data not covered by 
scada system 

General information data 

Datasets Images of quarry 
stockpiles 

 

Xls, doc, 
pdf 

Data Lake 
MAESTRO 
BMT 
APP 
SIGMA  
 

MAESTR
O SCADA: 
Q-
Productio
n 

Provide production data  

Maestro scada system 
enables access to Holcim 
production data from this 
site: 
https://demodeq.quarrycont
rol.com  

to enable data visualization 
and comparison with actuals 

REST API Production data 

¶ Processed aggregates  

¶ Salable aggregates  

¶ Production rate index  

¶ REE  

¶ Fresh water 

Json  Data Lake 
HOLCIM 
BMT 
APP 
SIGMA 
 

Abaut 
Analytics 

Provide a risk map activities 
of workers in the surrounding 
of mobile machinery 

 

Abaut Analytics 
web interface 

Data sets 

Risk maps 

 

Propriet
ary 

Abaut 
analytics 
system 

HOLCIM 

MINTEK: 
IDEAS 
Andritz 
SW 

Store optimization results 

 

Manual upload Studies, optimization results xls Data Lake 
HOLCIM 
 

BMT Generate, store and share 

reports and dashboard 
manual upload Dynamic and static view of data 

and KPIs shared 
pdf, xls Data Lake 

HOLCIM 
 

Arco 
Expert 
system 

Store weighting data API weighting data json Data lake 
HOLCIM 
BMT 
 

 

3.1.3.1.1 Data flow 

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

https://demodeq.quarrycontrol.com/
https://demodeq.quarrycontrol.com/
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Figure 16Υ IƻƭŎƛƳΩǎ 5ŀǘŀ Cƭƻǿ 5ƛŀƎǊŀƳ 

Within its data lake, Holcim will store general data and KPIs. The production data will come directly from the Scada 
system (Q-Production) via MAESTRO REST API in a JSON format; this data will be collected and stored daily. Additional 
ŘŀǘŀΣ ǎǳŎƘ ŀǎ ƻǇǘƛƳƛȊŀǘƛƻƴ ǊŜǎǳƭǘǎ ŦǊƻƳ aƛƴǘŜƪΩǎ {W will also be stored. This data will be available, according to their 
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/UPM-AI will retrieve dataset from Holcim to run AI 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 data lake for their 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 project, the implementation of the Arco Weighing system in Holcim pilot site has still to 
be agreed. In case of agreement, the same implementation as defined in section 3.1.2.3 for Vicat is being considered 
for Holcim. 

3.1.3.1.2 Data model 

Holcim data model analysis is described jointly in Vicat data model section 3.1.2.1.2. 
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3.1.3.2 Models for crushing and screening optimization (KTA2.2) 

Mintek is looking at building an online simulation tool that can mimic the real quarry in a pilot plant to develop and 
optimize its respective functions in real time. Holcim and Mintek are in communication for sample provision, plant 
flowsheet development and 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 
ƎŀƛƴŜŘ ōȅ aƛƴǘŜƪΩǎ Ǉƛƭƻǘ Ǉƭŀƴǘ ŀƴŘ ŦǳǊǘƘŜǊ ǎƛƳǳƭation studies. 

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 
using IDEAS 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 simulation 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 
comparable to the plant operational parameters, the simulation will be up scaled to 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 calibrated 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 interface. 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 establish a two-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, minimum cost associated with the plant 
running, size establishments and further details. 

This will enable the engineers of quarry to suggest new parameters on their digital interface whereby the numbers will 
be sent and treated by the software connected to database and 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 
ǘƘƛǎ ǎȅǎǘŜƳ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƻ ƘŀƴŘƭŜ Ƴŀƴȅ Řŀǘŀ ŀǎ ǘƛƳƛƴƎΣ ǇǊƻŘǳŎǘƛƻƴΣ ŎƻƴǎǳƳŜǎΣ ŀƭŀǊƳǎΣ ƳŀƛƴǘŜƴŀƴŎŜΣ ōŀǘŎƘŜǎ ŀƴŘ ǎƻ ƻƴΦ 
This kind of technoƭƻƎȅ Ƙŀǎ ƘƛƎƘ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ŦƭŜȄƛōƛƭƛǘȅΣ ŀƴŘ ǉǳƛǘŜ Ŝŀǎȅ ǘƻ ƳƻŘƛŦȅΦ ¢ƘŜǊŜΩǎ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ǘƻ ǎŜƴŘ 
commands to the plant and machines. At the begin, the signals come from sensors and reach the PLC. This tool elaborate 
instructions and communicate with and ethernet protocol with an industrial PC. Thanks to a modem or an internet 
network the PC send the data to Ma-estro's cloud and then the system replies data and instructions. The communication 
between this software and the Data Lake (AKKA) it is possible with API services. 

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

D066EC6360FC1EAD2581AF031F2B39FD71B78FF751EAC409C8E26AB32909E204 

This authentication mode allows access only to a reduced part of the API, for interconnection with ERP-type software 
or other third-party systems. 

Reading of production data 

Call: /qpcDB/qpcgetdatainfo [GET] 

Returns an object in JSON format that contains information about the available data. 

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

idRisorsaConfigImpianto (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/qpcDB/qpcgetdatainfo?qcwDeviceId=12346&idRisorsaConfigImpianto=Pla
nt1 

The result is a JSON object. 

The interesting parts of the object are the production data range: ProductionDateInterval and the flag that assure that 
the production database is correctly initialized DBInitialized = true. 

Call: /qpcDB/qpcproduzionedettagliogiornate [GET] 

Returns a string in JSON 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: 

qcwDeviceId (string): authentication token 

idRisorsaConfigImpianto (string): 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 YYYY-MM-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/qpcDB/qpcproduzionedettagliogiornate? 

qcwDeviceId=12346&idRisorsaConfigImpianto=Plant1&datareport=2020-02-
06&tempoDal=09:00:00&tempoAl=10:00:00 

Call: /qpcDB/qpcproduzionegetperiodo [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 required period as described below. 

The data will be aggregated as appropriate. For example, for consumption and production, the data for the period will 
ōŜ ǎǳƳΦ CƻǊ ƻǘƘŜǊ ǉǳŀƴǘƛǘƛŜǎ ǎǳŎƘ ŀǎ ŀōǎƻǊǇǘƛƻƴǎ ŀƴŘ ƭŜǾŜƭǎΣ ȅƻǳΩƭƭ ƎŜǘ ǘƘŜ ŀǾŜǊŀƎŜǎ ŜǘŎ ΦΦΦ 

The required parameters for this call are: 

qcwDeviceId (string): authentication token 

idRisorsaConfigImpianto (string): 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. 

dataDal (string): contains a date in YYYY-MM-dd format (ex: 2020-02-06) which specifies the starting day for data 
collection dataAl (string): contains a date in YYYY-MM-dd format (ex: 2020-02-06) which specifies 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 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. 

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 day or divide it into work shifts. 

E.g.: 

https://customername.quarrycontrol.com/qpcDB/qpcproduzionegetperiodo?qcwDeviceId=12346&idRisorsaConfigIm
pianto=Plant1&dataDal=2020-01-01&dataAl=2020-02- 06&tempoDal=06:00:00&tempoAl=14:00:00 

Production data format 

The result 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 each property 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 evaluated case-by-case. 

Batch management 

Call: /qbcDB/qbcbatchgetlist [GET] 

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

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

filtrioIdRisorsaConfigImpianto (string): allows you to filter batches with the string that identifies the system, 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. 

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

E.g.: 

https://customername.quarrycontrol.com/qbcDB/qbcbatchgetlist?qcwDeviceId=1234&filtroIdRisorsaConfigImpianto=
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 VariabileObiettivo)1. 

1 The target variable can be customized on the basis of the available data or their re-elaborations. It is possible to define 
multiple target variables, but a batch can always have only a single target. 

Settings are objects that represent settings variables linked to the batch2. 
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Call: /qbcDB/qbcbatchinsert [POST] 

Allows you to insert a new batch in the list. 

The call is a POST which must have the request body in the www-form-urlencoded format. As parameters it requires: 

qcwDeviceId (string): authentication 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, 1 = Suspended, 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 batch in ISO 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 the target 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 settings for batch4(optional) 

Returns a JSON-formatted object that contains information about the batch just entered. The format is the same as the 
previous call only it contains a single object. 

Call: /qbcDB/qbcbatchgetdefault [GET] 

Returns a JSON-formatted 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 used is made 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: 

qcwDeviceId (string): authentication 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. 

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 settings variables 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/qbcDB/qbcbatchgetdefault?qcwDeviceId=1234&idRisorsaConfigImpianto=
Plant1 

Returns a JSON-formatted object that contains information about the newly entered batch. The format is the same as 
the call / qbcDB / qbcbatchgetlist only it contains a single object. 

Call: /qbcDB/ qbcbatchsetdefault [POST] 

Allows you to set the default batch. The call is a POST which must have the request body in the www-form-urlencoded 
format. 

The required parameters for this call are: 

qcwDeviceId (string): authentication token 

idBatch (intero): numeric id of the batch to be set default dome. The id is the one found in the objects returned by the 
call /qbcDB/qbcbatchgetlist with the name IdBatch. 

Returns a JSON-formatted object that contains true if the call was successful, false otherwise. 

Call: coredata/qcwaziendagetlistshort [GET] 

Returns an array of objects in JSON format that contains the companies available in the registry for 

entering the batch. 

The required parameters for this call are: 

qcwDeviceId (string): authentication token 

E.g.: 

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

 

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

Abaut will install abaut mView module [see 3.1.1.7 for more information] in HOLCIM for recognizing works at the 
surroundings of the mobile machine or certain areas for creating and identifying in a risk map possible un-safe activity.  

The idea is to identify workers in the surroundings of mobile machinery or, at the processing plant and integrate this 
detection and analysis in a risk map that can provide safety operational information in order to avoid accidents (when 
the material that is going to be processed) can affect the different processes at the processing plant.  

At HOLCIM, the camera module mView will transmit the data generated to the expert system of abaut. The information 
will be analyzed and then displayed in Analytics for its analysis and decision-making step. This step is still under 
development and right now is only possible to offer a preliminary data flow system that will be tested at HOLCIM. The 
idea is to use the same data flow system as in VICAT due to the similarity of the activity (image recognition activity). 
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Figure 17: ŀōŀǳǘΩ ǎ data flow system in VICAT 

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

- The cameras installed in 2 mobile machines will take pictures during the working time and in order to get 

enough picture data for detecting the workers at the working area. 

- Once the images are received at the data base, the AI-ML algorithm will analyze the picture in order to detect, 
the people and machines that are in that picture or series of pictures [e.g., worker, machine type, etc.] 

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

- The responsible person of the quarry can login 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 already not defined. The start of 
this activity is planned for June 2023 so, the main actions are going to take place during the second half of 2022 and not 
at this early stage. 

 

3.1.4 AGREPOR CIMPOR 

3.1.4.1 Inventory of the existing ICT assets 

The following table provides a high-level view of the expert systems, interfaces, contents summary, format, data 
sharing, ŀƴŘ ǇŀǊǘƴŜǊǎ ƛƴǾƻƭǾŜŘ ǿƛǘƘƛƴ ǘƘƛǎ ǎƛǘŜΦ Lǘ ŜƴŀōƭŜǎ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ Ǉƛƭƻǘ ǎƛǘŜΩǎ Řŀǘŀ ŦƭƻǿΦ tƭŜŀǎŜ ǊŜŦŜǊ ǘƻ 5оΦм ǘƻ 
have a detailed view of the data. 

System 
Expert 

Description of the 
function 

Interface 
type 
provided 

Content Format Shared data 
through 

Shared data 
with 

Cimpor 
Expert 
System: SAP 

Store and Upload data Manual 
upload 
and 
download 

Historical data 

Production data 

General information data 

xls Data Lake 
BMT 
APP 
SIGMA: 
StockForecast 
ABAUT: abaut 
Analytics  
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System 
Expert 

Description of the 
function 

Interface 
type 
provided 

Content Format Shared data 
through 

Shared data 
with 

Cimpor 
Expert 
System: 
KoBotoolbox 

Create and store data API/Manu
al upload 
and 
download

Energy consumption and usage of 
their mobile machineries and 
crushers 

xls Data Lake 
BMT 
SIGMA  

Cimpor 
Expert 
System: 
Scada 

Store production data API Production KPIs Standard
/Proprie
tary 

Data Lake 
BMT 
APP 
SIGMA: 
StockForecast 
ABAUT: abaut 
Analytics  

ABAUT Product mass flow 

Fleet performance 

Reports 

External 
transport/logistics 
performance 

 

Manual 
and 
automatic 
upload / 
download 

Same data as in Hanson pilot site  
Standard
/Proprie
tary 

Data shared in 
Abaut expert 
system and in 
data lake 

CIMPOR 
BMT 
 

BMT Generate, store and 
share reports and 
dashboard 

manual 
upload

Dynamic and static view of data and 
KPIs shared 

pdf, xls Data Lake 
CIMPOR 

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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Figure 18: Agrepor /ƛƳǇƻǊΩ ǎ Data Flow 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 CIMthwΩǎ ǎŎŀŘŀ ǎȅǎǘŜƳ ǿƛƭƭ ŀƭǎƻ ōŜ ǎǘƻǊŜŘΦ ¢Ƙƛǎ Řŀǘŀ ǿƛƭƭ ōŜ ŀǾŀƛƭŀōƭŜΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ ǊƛƎƘǘǎΣ ŀƴŘ 
usable by external partners. As such, Abaut will retrieve /ƛƳǇƻǊΩ ǎ general information; Abaut will store KPIs related to 
/ƛƳǇƻǊΩ ǎ mobile machineries and also reports related to the external transport. Sigma/UPM-AI will retrieve the 
necessary historical data from Cimpor to run AI services proposed by their Stockforecast tool (consumption and product 
forecasting). 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. Cimpor 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 project, the implementation of the Arco Weighing system in Cimpor pilot site has still to 
be agreed. In case of agreement, the same implementation as defined in section 3.1.2.3 for Vicat is being considered 
for Cimpor. 
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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 workers (KTA3.2) 

The activities of Abaut in CIMPOR are the same ones than in HANSON. This is due to the idea of replicate and compare 
ǘƘŜ ŀŎǘƛǾƛǘƛŜǎ ƳŜŀǎǳǊƛƴƎ ǘƘŜ YtLΩǎ ƻŦ both quarries under the same principles. The idea is also to create a digital model 
of the quarry under the same rationale [see point 3.1.1.7].  

Something important to highlight is that the analysis of the outbound logistic will also be considered at this task. Abaut 
will deploy some light version of Abaut Edge in order to analyze the external logistic of the delivery transport service of 
CIMPOR. This activity will offer new insights regarding the performance of the external logistics, and it is interpretation 
inside DEQ.  

This task has not started yet and is intended to start at the beginning of 2023. The concept has not been studied yet so. 
due to this reason is not possible to offer more information.  

 

3.1.5 CSI 

3.1.5.1 Inventory of the existing ICT assets 

The following table provides a high-level view of the expert systems, interfaces, contents summary, format, data 
sharing, and partners involved within this site. It enableǎ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ Ǉƛƭƻǘ ǎƛǘŜΩǎ Řŀǘŀ ŦƭƻǿΦ tƭŜŀǎŜ ǊŜŦŜǊ ǘƻ 5оΦм ǘƻ 
have a detailed view of the data. 

System Expert Description of 
the function 

Interface type 
provided 

Content Format Shared data 
through 

Shared data with 

CSI Expert System: 
SAP 

Quarry 
management 
system: Store 
and Upload 
data 

Manual 
upload and 
download 

Historical data 

Production data and KPIs 

General information data 

Xls, pdf Data Lake BMT 

APP 

SIGMA: Predictive 
Maintenance  

DH&P: SmartQuarry 

Primary Crusher 

Controller 

(Primary Crusher, 

Belt scales) 

Retrieve 
process 
parameters 

PLC/API 

Software 

Exported files 

Power consumption 

Crusher settings 

Engine hours 

Working hours 

Mass 

Data 
sets via 
API, 
csv 

DHP expert 
system, data 
lake on 
demand 
(manual 
upload files 
or API) 

DHP expert system 

Fuel consumption 

monitoring 

software (Pandora 

Soft) 

 

Retrieve fuel 
data and 
engine hours 

 

API Fuel consumption per machine 

Engine hours per machine 

Data 

sets via 

API, 

csv 

DHP expert 

system, data 

lake on 

demand 

(manual 

upload files 

or API) 

DHP expert system 

DH&P Expert 
System: 
SmartQuarry 

Fleet 
performance 
monitoring: 

Store KPIs/data 

API Mobile Machineries KPIs json Data Lake BMT 

APP 

SIGMA: Predictive 
Maintenance  

CSI 
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System Expert Description of 
the function 

Interface type 
provided 

Content Format Shared data 
through 

Shared data with 

BMT Generate, store 
and share 
reports and 
dashboard 

manual upload Dynamic and static view of data 
and KPIs shared 

pdf, xls Data Lake CSI 

 

 

3.1.5.1.1 Data flow 

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

 

Figure 19Υ /{LΩǎ 5ŀǘŀ Cƭƻǿ 5ƛŀƎǊŀƳ 

²ƛǘƘƛƴ /{L Řŀǘŀ ƭŀƪŜΣ /{LΩǎ ƳƻōƛƭŜ ƳŀŎƘƛƴŜǊƛŜǎ YtLǎκ5ŀǘŀ ǿƛƭƭ ōŜ stored by DH&P. CSI will store general information, 
historical data and production data. This data will be available, according to their rights, and usable by external partners. 
As such, Sigma/UPM-AI will retrieve the necessary dataset from CSI to train AI models proposed by their Predictive 
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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 data lake by retrieving 
KPIs, 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) + descriptions like type, country, customer 

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

o Optionally assets can be furthermore split up into sub-components. 

- tŀǊŀƳŜǘŜǊ ŘŜŦƛƴƛǘƛƻƴǎ ƛƴŎƭǳŘƛƴƎ ǳƴƛǘΣ ƛƴǘŜǊǾŀƭΧ 

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

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

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

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

 

Figure 20: Mobile machinery data model 

3.1.5.2 Mobile equipment & quarry geological deposit digitalisation & real-time modelling (KTA3.3) 

An API will be provided to query: 

-  the available assets per plant  

- parameters per asset 

- parameter values by asset-parameter and time frame (see D3.1)  

This model and API enable the data lake or 3rd parties 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 

3.2.1 Results of the Benchmark for the best data lake tools 

¢ƘŜ Ŧǳƭƭ ōŜƴŎƘƳŀǊƪΩǎ ǎǘǳŘȅ ǊŜǎǳƭǘǎ done by AKKA are available in Appendix 7.1. Here below is a synthesis of the main 
results related to the data lake components.  

Here is a global view of the components that will be used to build IQS data lakes: 

 

Figure 21: Diagram of the components selected for the Data Lakes architecture 

This architecture including many open-source components will significantly reduce the operating costs, will provide the 
most flexible architecture and the most reversible solution, but will generate additional development costs. Note that 
these additional costs would remain the same with Azure Logic Apps and App Service solution. 
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The global cost is estimated to be ƭŜǎǎ ǘƘŀƴ рллϵ ǇŜǊ ƳƻƴǘƘ ǇŜǊ ŜŀŎƘ Ǉƛƭƻǘ ǎƛǘŜ: 

Azure 
Application 
Gateway 

Azure 
ADDS 

Talend + 
Microservice 

on Azure 
VM 

Data Lake 
Storage 
Gen2 

PostgreSQL 

Deployment 
over Azure 

VM by 
Ansible 

VM 
Creation & 
Monitoring 

TOTAL 

слϵ тлϵ мулϵ рлϵ мллϵ 
Non-

recurring 
cost 

Embedded 
into Azure 

offer 

ғ рлл ϵ κ 
month 

 
Below, some details are given for each component: 

- Description 
- Metrics 
- Costs 

Component: Azure Application Gateway 

 
Description: This is the Frontal Gateway of DigiEcoQuarry Application. It exposes some specific REST API Web Services 
as: 

¶ Data Ingestion 

¶ Data Restitution 
and some HTTP Requests as: 

¶ upload files 

¶ download files that have been uploaded 

Metrics: 

 

Costs: 

 

 

Component: Azure Active Directory Domain Services for security and roles management 

 
Description: In AD, Users, User Groups, Roles, Applicative Rights have been declared. 

¶ Users have been gathered into User Groups 

¶ Applicative Rights have been gathered into Roles 

¶ Roles have been assigned to User Groups 
A token exchange between DEQ Clients and the Domain Controller should be implemented when client machine 
starts, using Kerberos Protocol. This implementation is strongly secured but is expensive in terms of development. 
Firstly, for a POC solution, the Authentication could be managed with a simple check of the couple (Username, 
Password) through AD. 
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Any Requests entering the Cloud through the Gateway, embeds a username and an encrypted password. A dedicated 
Application (to be developed)  

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

¶ retrieves the LDAP Roles of the connected User 

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

Metrics: 

 

Costs: 5/7 ς 15/24 (from 5h to 20h) 

 

 

Component: Microservices 

 

Description: Microserviceςbased 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 open-source components will significantly reduce the operating costs and will 
provide the most flexible architecture and the most reversible solution. However, it can generate additional 
development costs. Note nevertheless that development costs would not be lower if Azure components (as Azure 
Logic Apps or App Service solution) were used. 

Metrics: 

Number of microservices 

Development cost 

Costs:  
Microservices deployed on the same Talend VM to 
reduce costs. 
Some microservices will be developed withing the scope 
of the CDMP. PostGreSql database will be used as 
database for the CDMP 

 

Component: Talend (ETL tool) 

 
Description: Talend OS ESB (Open Studio Enterprise Server Bus) will be used for development. Talend runtime will 
be deployed over a dedicated Azure VM. Talend OS ESB:  

¶ performs Extraction, Transformation, Loading of large data sets 

¶ provides trigger connectors when REST API or HTTP Requests are consumed and any other connectors to connect 
any storages 

Among the tasks it performs, Talend must determine where the file must be dropped down or retrieved, based on 
the file nomenclature or its related metadata. 

Metrics: The price of a VM over Azure Cloud is determined through these metrics: 

ϵ
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Costs: To minimize the cost, a 3-year reserved VM instance is chosen. 

 

 

 

Component: Azure Data Storage, Mongo DB, PostgreSQL (Storage tools) 

 

Description: If some Pilot Sites need it, File Storage will be used to store files directly from a local File System (LAN) 
of Pilot Sites (via SMB Protocol). 
Detailed specifications will determine if a NoSQL Database is necessary for the project. In that case, PostgreSQL and 
MongoDB might be hosted by the same VM. 

Metrics: 

Usage Azure Open-Source 

Weak 

Ι Storage 200 Go 

Ι 10^4 writes 

Ι 10^6 reads 

1 D4s v3, 1 HDD S4, 1 year 

Medium 

Ι Storage 2 To 

Ι snapshot 100 Go 

Ι 10^6 writes 

Ι 10^7 reads 

1 D4s v3, 1 SSD E6, 1 year 

Intensive 

Ι Storage 10 To 

Ι 10^6 writes 

Ι 10^7 reads 

1 D8s v3, 2 SSD P10, 1 year 
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Costs:  

Usage Azure 

Weak BLOB Storage on 
General purpose 
storage account 

v2 

пΣпт ϵ κ ƳƻƴǘƘ 

Medium ппΣфу ϵ κ ƳƻƴǘƘ 

Intensive мусΣрл ϵ κ ƳƻƴǘƘ 

Weak 

Data Lake Storage 
Gen2 

пΣсл ϵ κ ƳƻƴǘƘ 

Medium осΣро ϵ κ ƳƻƴǘƘ 

Intensive мтуΣлр ϵ κ ƳƻƴǘƘ 

Weak 

File Storage 

моΣрр ϵ κ month 

Medium мптΣнл ϵ κ ƳƻƴǘƘ 

Intensive сфуΣну ϵ κ ƳƻƴǘƘ 
 

Usage Open-Source (on VM over Azure) 

Weak 

PostGre 
SQL 

фтΣуо ϵ κ ƳƻƴǘƘ 

Medium млмΣмф ϵ κ ƳƻƴǘƘ 

Intensive нонΣнр ϵ κ ƳƻƴǘƘ 

Weak 

MongoDB 
NoSQL 

фтΣуо ϵ κ ƳƻƴǘƘ 

Medium млмΣмф ϵ κ ƳƻƴǘƘ 

Intensive нонΣнр ϵ κ ƳƻƴǘƘ 
 

 

3.2.2 Interface with the IQS: 

3.2.2.1 Centralized Data management Platform (CDMP) 

The CDMP is a centralised platform to be developed by AKKA using open-source 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 metadata -data description-, stored in a database, used to fetch, and retrieve data. Data itself will be 
stored in a data lake. 

Uploading, browsing, accessing, and downloading data will be done using REST APIs provided by the CDMP. 

 

Figure 22: 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 on Pilot Site, processes, 
etc. 
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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 models 
defined by data providers, enabling cross access to data coming from different 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 data lake 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 effort of development using 
expensive tools and services (LogicApp, Azure functions, data factory, data bases) and above all, we would like to avoid 
a lock-in situation. Vendor lock-in, also called proprietary lock-in or customer lock-in, is a 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 data sharing between partners of PS 
according to authorizations defined by PS. 

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

The data lake specifications 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 using Azure built-in or third-party interfaces is that there is no 
ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŀƴȅ ŀǎǎƻŎƛŀǘŜŘ ƳŜǘŀŘŀǘŀΥ Řŀǘŀ ǳǇƭƻŀŘŜŘ ǳǎƛƴƎ ǘƘŜǎŜ ƳŜŀƴǎ ǿƻƴΩǘ ōŜ ŘŜǎŎǊƛōŜŘ ƛƴ ŀ ƳŜǘŀŘŀǘŀ ŘŀǘŀōŀǎŜΣ 
and to retrieve data, one must know what he is searching for. Therefore, these ways of 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 granted to access data lake and containers, can explore the data 
lake, and manage data using their Internet browser. 

hǘƘŜǊ ǳǎŜǊǎ Ŏŀƴ ǳǇƭƻŀŘ Řŀǘŀ ǳǎƛƴƎ ŜƛǘƘŜǊ ŀ ŎƻǇȅ ǘƻƻƭ άAzCopyέ1, or an SFTP connection. In this late case, data lake must 
have been configured to authorize SFTP. Both solutions require authentication strings or SSH keys. 

Alternative tool for data lake exploration 

aƛŎǊƻǎƻŦǘ !ȊǳǊŜ ǇǊƻǾƛŘŜǎ ŀ ǎǘŀƴŘŀƭƻƴŜ ŀǇǇƭƛŎŀǘƛƻƴΣ ǘƘŜ άStorage Explorerέ2, that can be used to explore, upload, or 
ŘƻǿƴƭƻŀŘ Řŀǘŀ ŦǊƻƳ ǘƘŜ Řŀǘŀ ƭŀƪŜ όŀƴ έ!ȊǳǊŜ {ǘƻǊŀƎŜ ŀŎŎƻǳƴǘέύΦ ¦ǎƛƴƎ ŀ {ƘŀǊŜŘ !ŎŎŜǎǎ {ƛƎƴŀǘǳǊŜΣ ǇǊƻǾƛŘŜŘ ōȅ !YY!Σ 
one can connect the Storage Explorer to specific containers in the data lake. Once connected, the Storage Explorer 
allows browsing and managing data as a simple file explorer.  

3.2.2.3 Interface with Mobile crusher system developed by Metso [KTA 2.1] 

The following picture depicts the mechanism that will be used to connect the IQS with the Metso mobile crusher system 
ŘŜǾŜƭƻǇŜŘ ōȅ aŜǘǎƻΦ ! Řŀǘŀ Ǉǳƭƭ ǇǊƻŎŜǎǎ ƛǎ ŘŜŦƛƴŜŘ ǘƻ ŜȄǘǊŀŎǘ Řŀǘŀ ŀǘ ǊŜƎǳƭŀǊ ōŀǎƛǎ ŦǊƻƳ aŜǘǎƻΩǎ ƳƛŘŘƭŜǿŀǊŜ ǎȅǎǘŜƳ 
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  

https://docs.microsoft.com/en-us/azure/storage/common/storage-use-azcopy-v10
https://docs.microsoft.com/en-us/azure/vs-azure-tools-storage-manage-with-storage-explorer
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Figure 23: Mechanism used to connect the IQS with the Metso mobile crusher system 
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3.2.2.4 LƴǘŜǊŦŀŎŜ ǿƛǘƘ aLb¢9YΩǎ ǎƛƳǳƭŀǘƛƻƴ ǇƭŀǘŦƻǊƳ ŦƻǊ crushing and screening optimization [KTA 2.2] 

In HOLCIM pilot site, the IQS 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 screening process. 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 developed 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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Figure 24: 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 defined in 3.2.2.5 Interface with automation & scada system developed by MAESTRO [KTA 
3.1] for Maestro wƛƭƭ ōŜ ǳǎŜŘ ǘƻ ŎƻƭƭŜŎǘ Řŀǘŀ ŦǊƻƳ !w/hΩǎ ǎȅǎǘŜƳ ŀƴŘ ǎǘƻǊŜ Řŀǘŀ ǿƛǘƘƛƴ ǘƘŜ Řŀǘŀ ƭŀƪŜΦ 

3.2.2.7 Interface with Abaut analytics system [KTA 3.2] 

The following picture depicts the mechanism that will be used to connect the IQS with the Abaut analytics system used 
to control 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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Figure 25: 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 following diagram: 
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Figure 26: "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:  
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3.2.2.8 Interface with SmartQuarry developed by DH&P [KTA 3.3] 

The following picture depicts the mechanism that will be used to connect the IQS 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 upload the data to the data lake. After the data transfer the data will be used by the business management 
tools. 

 

Figure 27: Mechanism used to connect the IQS with the DH&P SmartQuarry system 

3.2.2.9 Interface BIM [KTA 4.1] 

The integration of BIM system and the IoT architecture defined for the IQS will rely on an extensive usage of the interface 
provided by the chosen components of the benchmark: IoT devices, IoT Hub, Event Hub and Event Grid (see section 3.3 
IoT platform)  

Hence, the access to IoT data can be performed with pull mechanism for IoT 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 AI services [KTA 4.2] 

The integration with Sigma and AI 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: 

 

The following component view shows the interfaces that will be made available to provide access to any data needed 
by the AI components: 
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Figure 28: Schema of the interfaces available to provide access to data needed by the AI components 

3.3 IoT platform 

3.3.1 Results of the Benchmark for the best IoT platform tools  

¢ƘŜ Ŧǳƭƭ ōŜƴŎƘƳŀǊƪΩǎ ǎǘǳŘȅ ǊŜǎǳƭǘǎ done by AKKA are available in Appendix 7.1. Here below is a synthesis of the main 
results related to the IoT platform but also to Business Intelligence components.  

Here is a global view of the components that will be used to build IQS IoT platform and Business Intelligence solution: 
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Figure 29: Diagram of the components selected for the IoT platform and Business Intelligence architecture 

The global cost is estimated to less than 2рлϵ ǇŜǊ ƳƻƴǘƘ ǇŜǊ ŜŀŎƘ Ǉƛƭƻǘ ǎƛǘŜΥ 

IoT Frontal Event Grid Business Intelligence TOTAL 

Lƻ¢ IǳōΥ ррϵ 

плϵ 

9ƭŀǎǘƛŎ /ƭƻǳŘΥ мнрϵ 

ғ нрл ϵ κ ƳƻƴǘƘ 
9ǾŜƴǘ IǳōΥ мрϵ 

Power BI: 
урϵ όр licenses) 
мтлϵ όмл licenses) 
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Below, some details are given for each component: 
- Description 
- Metrics 
- Costs 

 

Components: IoT Hub and Event Hub 

 
Description:  
The two services are similar in that they both 
support data ingestion with low latency and high 
reliability, but they are designed for different 
purposes.  
IoT Hub has been designed for connecting IoT 
devices to the Azure Cloud. 
Event Hubs service is more used for streaming Big 
Data (mainly for hot computing).  
According to Pilot SitesΩ needs, one or the other 
should be used.  

IoT Hub Event Hub 

Metrics: 

 

 

Metrics: 

 
*Dedicated: Usage will be charged in one-hour increments with a minimum charge for four 
hours of usage 
** Message retention above the included storage quotas will result in overage charges. 
*** Throughput Unit provides 1 MB/s ingress and 2 MB/s egress. 

 
Costs: 

 

Costs: 
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Component: Event Grid  

 
Description: Event Grid is the pub/sub solution for Azure 
Cloud. It is priced as pay-per-use based on operations 
performed. 

 

Operations include: 

¶ ingress of events to Domains or Topics, 

¶ advanced matches (using filtering to route to end-
points), 

¶ delivery attempt, 

¶ management calls. 

Metrics: 

 

 
Costs: 

 

 

3.4 Data warehouse and AI system architecture 

3.4.1 Results of the Benchmark for the best data warehouse tools 

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 evaluation of several features such as documentation for some of the proposed alternatives. 

3.4.1.1 Alternatives being analyzed 

The data warehouse solutions were organized into three groups depending on how the deployment of each solution is 
performed. The different alternatives 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 cloud 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 by Snowflake. 

¶ Snowflake 

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

FƻǊ ƻǳǊ ŀƴŀƭȅǎƛǎ ǿŜ ŀǊŜ ǳǎƛƴƎ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǇǊƻǾƛŘŜŘ ƛƴ ǘƘŜ ǇƭŀǘŦƻǊƳΩǎ pricing website and the advice provided by the 
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 provides much more flexibility than a specific solution. However, there include a higher 
platform administration effort. 

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

¶ Google BigQuerry 

Google Cloud provides a service called BigQuery that implements a distributed and scalable data warehouse solution. It 
is offered as a serverless solution, but resources can be reserved to reduce the cost when a specific service 
implementation has a high demand. 

For the analysis presented below,  the information about pricing and the documentation of the BigQuery service has 
been used. 

¶ Amazon Redshift 

Amazon Web Services offers a service called Redshift that provides a scalable cloud data warehouse solution. It is offered 
as a provisioned service, but AWS also offers a serverless option. However, the latter is still in preview so it may not be 
suitable for a production environment. 

For the analysis presented below, the information about pricing and the documentation of the Redshift service has been 
used. 

¶ Microsoft Azure Synapse Analytics 

Microsoft Azure has a service called Synapse Analytics that provides big data analytics along with a data warehouse 
storage platform. Both the storage and the analytics services are mainly offered as a provisioned infrastructure but is it 
possible to use them as a serverless solution. Synapse Analytics seems to be more oriented to a data analysis platform 
so it seems more likely to offer services that in most of the cases will not be used by the DigiEcoQuarry solutions. 

For the analysis presented below, the information about pricing and the documentation of the Synapse Analytics service 
has been used. 

3.4.1.1.3 On-premises (Custom) Data Warehouse solutions 

Implementing an on-premises data warehouse 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, data access security, encryption, etcetera. Considering that a huge 

https://www.snowflake.com/workloads/data-warehouse-modernization/
https://www.snowflake.com/pricing/
https://cloud.google.com/bigquery
https://cloud.google.com/bigquery/pricing/
https://cloud.google.com/bigquery/docs/
https://aws.amazon.com/redshift/
https://aws.amazon.com/redshift/pricing/
https://docs.microsoft.com/en-us/azure/synapse-analytics/
https://azure.microsoft.com/en-us/pricing/details/synapse-analytics/
https://docs.microsoft.com/en-us/azure/synapse-analytics/


 

D4.1 Report on IQS ICT requirement 

analysis   

Dissemination level: PU 

 

 

GA # 101003750 28 July 2022 Page 64 of 176    

DIGIECOQUARRY_D4.1_Report_IQS_ICT_requirement_analysis_1.0_Final.docx 

ŀƳƻǳƴǘ ƻŦ Řŀǘŀ ǿƻƴΩǘ ōŜ ǳǎŜŘ ŦƻǊ ǘƘŜ DigiEcoQuarry infrastructure and services, it may not be worthwhile building an 
on-premises solution when considering the price of a generic cloud provider solution. 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 board. Therefore, an ad-hoc solution based on open-source software 
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 whether to discard 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 attached at the Appendix section of this 
deliverable. <attachment: prices-spreadsheet>. 

The cost of the data stored in the platform is more or less calculated the same way for all providers. However, the prices 
for the Synapse Analytics solution could not be found. The storage costs for this platform are nearly the same as the 
costs for similar solutions (that are, BigQuery and Redshift). 

Calculating computing costs is trickier because there are two points of view. For Synapse Analytics and BigQuery the 
cost of data instantaneous computing depends on how much data from the data warehouse is retrieved to complete 
the computing task. On the other hand, Redshift and Snowflake calculate the cost of computing considering the time 
required to complete the computing task. 

To calculate 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 data lake solution prototype will be most probably based on the latter. This made nearly impossible to 
estimate the computing costs for Redshift and for Snowflake from this point of view. 

3.4.1.2.1 Example scenario 

To provide an example of how the prices were calculated, the BigQuery solution is taken as the reference since it 
provides very detailed and clear pricing policies. It is considered that the platform will be ingesting an average of 2.5TB 
ŜŀŎƘ ƳƻƴǘƘ ŀƴŘ ǘƘŜ ƭŀǘǘŜǊ Řŀǘŀ ǿƻƴΩǘ ōŜ ǊŜƳƻǾŜŘ όƘƛǎǘƻǊƛŎ Řŀǘŀ ƛǎ ƛƳǇƻǊǘŀƴǘ ŦƻǊ !I data processing). Each month the 
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 that the scenario 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 

Table 1: Prices per year in the example DWH scenario 

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

3.4.1.2.2 Free-tier scenario 

[ŜǘΩǎ ŎƻƴǎƛŘŜǊ ƴƻǿ ŀ ƭŜǎǎ ŘŜƳŀƴŘƛƴƎ ǎŎŜƴŀǊƛƻΦ hƴŜ D. ƻŦ Řŀǘŀ ǿƛƭƭ ōŜ ƛƴƎŜǎǘŜŘ ŜŀŎƘ ƳƻƴǘƘ ŀƴŘ ǉǳŜǊƛŜǎ ŀǊŜ ōŜƛƴƎ 
performed from the dashboards 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 the BigQuery service the free-tier 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 

Table 2: Prices per year in the free-tier DWH scenario 

The prices included in table 1 and table 2 refer to the BigQuery service because is the only platform that comprises in 
its web offering the prices for compute, storage, and transfer. However, the prices of other similar services such as 
Redshift of Synapse Analytics seem to be fairly similar. 

3.4.1.2.3 Conclusions from pricing 

The Snowflake platform 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 believe that it is not worth using the 
Snowflake platform 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 platform billed 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 highlight the serverless service is still 
in preview so it seems not a good idea to use it in a production environment. For these reasons the Redshift service is 
also discarded. 

Just considering the cost of the cloud solutions, the BigQuery service from Google and the Synapse Analytics platform 
service from Microsoft, have similar prices for similar features. We believe that from the price point of view either 
BigQuery or Synapse Analytics should be chosen to implement the data warehouse. 

3.4.1.3 Development 

As stated, price is the most important factor to be considered in order to choose 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 development 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. The 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 to be answered 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 for development? 

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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D
o

cu
m

e
n

ta
tio

n 

How easy is it to find documentation about the resources? 

How clear is the service documentation? 

How accurate is the service documentation? 

How useful are the examples included in the documentation? 

How active is the user's community? 

In
te

rf
a

ce
 

How easy is it to use the RESTful API interface? 

How easy is it to use the Python library interface? 

How easy is it to load data into the storage? 

How easy is it to perform SQL queries? 

How stable are the service interfaces? 

U
sa

g
e 

How easy is it to build a mock-up environment? 

How easy is it to create a test suite? 

How useful is error reporting? 

How good is the design of the interfaces? 

How easy is it to extend the libraries? 

Table 3: Concrete questions about development 

Up to this point, the decision concerns only to between BigQuery and Synapse Analytics. For 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 Synapse 

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 the documentation? 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 easy is to perform SQL queries? 6.00 7.00 

How stable are the service interfaces?     

How easy is to build a mock-up environment? 0.00 0.00 
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 BigQuery Synapse 

How easy is to create a test suite? 6.00 4.00 

How useful is error reporting?     

How good is the design of the interfaces? 6.50 2.00 

How easy is to extend the libraries? 6.00 7.00 

TOTAL 6.62 3.22 

Table 4: Development scores for the selected platforms 

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

o The activity of the ǳǎŜǊΩǎ ŎƻƳƳǳƴƛǘȅ from the number of questions answered for each platform on Stack 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 It is hard to determine how useful is the error reporting feature without facing many errors when using the service. 
We consider that this is not important enough to bias the final decision. 

¶ BigQuery Remarks 

It was observed that the BigQuery platform has a good documentation. It also provides good implementation examples 
using the Python programming language. However, not good usage examples were found for the RESTful interface. 

However, there is not an easy way to test the library without using 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. 

¶ Synapse Analytics Remarks 

The same way as the BigQuery service there does not exist an emulator for Synapse Analytics so building integration 
tests is not as handy as it would be desirable. 

Apart from that, the documentation is not well organized, and it is hard to find and understand. Some described 
concepts required to effectively use the platform to be understood. 

It was surprising to discover that the Synapse Analytics platform does not offer a Python library. However, any SQL 
driver can be used to access the service. Despite of that, a mock-up 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 

3.4.2 General data warehouse architecture and interfaces 

This section provides an overview of how the chosen data warehouse solution fits into the whole deployment. The main 
reason to include a data warehouse solution is to store the results of the different data-related operations and AI 
modules and make them easily available, and to provide analysis capabilities to facilitate querying these results. 

As was detailed in deliverable D1.3, the following image shows how the data warehouse fits in the global IQS 
architecture: 
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Figure 30: General IQS architecture 

Individual storage ǎǇŀŎŜ ƛǎ ƎƛǾŜƴ ǘƻ ŜŀŎƘ ǉǳŀǊǊȅ ƛƴ ǘƘŜ Řŀǘŀ ǿŀǊŜƘƻǳǎŜΦ ¢Ƙƛǎ ƛƳǇƭƛŜǎ ǘƘŀǘΣ ŦǊƻƳ ǘƘŜ ǳǎŜǊΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΣ 
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 use the same data warehouse for all its quarries in nearby locations. The most important 
points here are 1) data from different quarries is 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 AI services, the image below illustrates the role of the data 
warehouse within the IQS: 

 

 

Figure 31: The role played by the data warehouse for the AI services 

As shown in the figure, the services get the data required for their execution from the data lake and store their results 
in the data warehouse. Note 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 satellite images, 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 through a SQL interface. SQL is supported in 
BigQuery by means of Google Standard SQL, an ANSI compliant Structured Query language that offers the following 
types of statements: 

¶  Query statements: used to scan one or more tables or expressions. They are also known as Data Query Language 
(DQL) and are the main method to analyze data in BigQuery. 

¶ Procedural language: procedural extensions to BigQuery SQL that allow to execute multiple SQL statements in one 
request. 

¶ Data definition language: allows to create and modify database objects such as tables, views, functions, and row-
level access policies. 

¶ Data Manipulation Language (DML): allows to update, insert, and delete data from your BigQuery tables. 

¶ Data Control Language (DCL): allows to control BigQuery system resources such as access and capacity. 

¶ Transaction Control Language (TCL): allows to manage transactions for data modifications. 

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

BigQuery offers two possibilities to run SQL queries: interactive and batch queries. Interactive queries, which are the 
default, are executed as soon as possible. In contrast, batch queries are queued automatically and are run as soon as 
idle resources are available 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. These permissions 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 AI services will be implemented in Power BI. 
Power BI natively supports BigQuery, so importing data from this 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): 

DƻƻƎƭŜΩǎ .ƛƎvǳŜǊȅ provides a system to control user access to the resources stored in the data warehouse, called IAM 
(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 data sources, but also specific 
views or tables within an SQL database. 

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

Lastly, an IAM policy (which can be either an allow or deny policy), 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 
ŎƘŜŎƪǎ ǘƘŜ ǊŜǎƻǳǊŎŜΩǎ ǇƻƭƛŎȅ ǘƻ decide whether the action is allowed. 

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

Principal: user that wishes to access a certain resource. It can be an end-user or an application or compute workload. 
Its identity can be an email address associated with a 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 role to a principal, 
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: 

 

Figure 32: L!aΩǎ ǇŜǊƳƛǎǎƛƻƴ ƳŀƴŀƎŜƳŜƴǘ 

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.  

On the one hand, to run a query the bigquery.jobs.create permission 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 user to have access to all tables and views that the query reference, which is 
granted by the bigquery.tables.getData permission. The following predefined roles include said permission: 

· roles/bigquery.admin 

· roles/bigquery.dataOwner 

· roles/bigquery.dataEditor 

· roles/bigquery.dataViewer 
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3.4.3 General AI system architecture and interfaces 

The artificial intelligence services play a role in obtaining insights into the 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 been re-defined 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 service 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  

Stock Forecast  

  

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  

Table 5: Relationship between original and new services 

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 from the data lake. However, there are some circumstances that require 
to access data directly from the quarry, such as sensor values or images from cameras placed on-site. Whenever it is 
possible, data required by the AI 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 due to real-time data requirements): 

For those services that require to process real-time information coming from cameras, microphones, and other kind of 
sensors, the service runtime environment is divided into a training that is executed on a cloud infrastructure and some 
estimation process that is executed in the quarry facilities to process the real-time information. 

For the services that process real-time information, some sensors have to be installed in quarry facilities to monitor 
some machinery. For example, 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 connectivity issues. For example, the Internet 
provider may face some infrastructure issues that make it impossible to send processed results to the data warehouse. 
These issues require a buffering aggregator that is placed to avoid missing some of the processed results. 

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 facilities. Table 5: shows the meaning given to the icons used in the 
architecture diagrams of the services described in the following sections. 

 

 
Document 

 
Metrics 

 
Microphone 

 
Camera 

 
Statistics 

 
Text 

 
Query 

 
Estimation 

 
Item list 

 
Image 

 
Model 

 
Sensor 

 Audio signal  Alarm 
ά ΦΦΦ έ 

 
Sentence 

 
Data set 

 
Signal 

 
 

Table 6: Icons used on architecture diagrams 

3.4.3.1 Aggregate quality determination 

This service aims at estimating the quality of aggregates (composition) 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 non-intrusive and will allow to maximize the run-of-quarry process by improving quarry planning 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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Figure 33: Base architecture of the aggregate quality determination service 

Figure 33Figure 33 represents the architecture of the service.  It has two distinct parts: the training components, 
deployed in the cloud and whose objective is to train the AI algorithms of the estimator, and the estimation components, 
which are deployed on-premises and analyze live data coming from the quarries to provide the quality of the extracted 
materials. Each component will be described in detail below. 

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

The Estimator receives the images of the on-line aggregates that have been captured by cameras located in the quarries, 
and applies the model generated by the trainer to provide an estimation of the aggǊŜƎŀǘŜǎΩ ǉǳŀƭƛǘȅΦ Lǘ ŀƭǎƻ ǳǘƛƭƛȊŜǎ ǎŜƴǎƻǊ 
data to account for changes in the environment that can affect the captured images, such as ambient lighting.  

Finally, the Aggregator has a two-fold purpose. On the one hand, it implements a buffer to keep the results 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 
themselves and 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 

Table 7: Interfaces for the aggregate quality determination service (cloud) 

 

On-premises: 

Input Source Output Destination 

Environment data Sensors Quality estimation Data warehouse 

Real-time quarry images Cameras Metrics Data warehouse 
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Input Source Output Destination 

 Alarms Data warehouse 

Corrective action Quarry 

Table 8: Interfaces for the aggregate quality determination service (on-premises) 

3.4.3.2 Grain size determination 

The Grain size determination service has the goal of analyzing visual inputs to estimate the size of the rock fragments 
extracted from the sites. The system will measure the grain size distribution as it goes through the quarry lines, being 
able to detect oversize material and evaluate grain uniformity, which, in turn, will allow to reduce damage in the 
crushing process and to maximize the efficiency of the run-of-quarry process. 

 

 

Figure 34: Base architecture of the grain size determination service 

Figure 34 represents the architecture of the service. Similarly, to the aggregate quality determination service, the 
Trainer component aims at creating a model that can be used by the Estimator, taking as 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 captured in the quarries along with other 
sensor data to correct according to the environmental conditions, provide an estimation of the grain sizes. 

As was the case with the previous service, the Aggregator component buffers the results of the estimator to avoid data 
loss in case of connectivity 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 

Table 9: Interfaces for the grain size determination service (cloud) 
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On-premises: 

Input Source Output Destination 

Environment data Sensors Grain size estimation Data warehouse 

Real time quarry images Cameras Metrics Data warehouse 

 Alarms Data warehouse 

Corrective action Quarry 

Table 10:  Interfaces for the grain size determination service (on-premises) 

3.4.3.3 Stockpile volume calculation 

This service aims at analyzing visual and data inputs to provide 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. 

 

Figure 35: Base architecture of the stockpile volume calculation service 

Figure 35 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 real-time data processing.  

In this case, the goal of the Trainer is also to create a model that can be used by the Estimator, taking as input 
information from the data lake and other generic data sets, and storing metrics of this process in the data warehouse. 
The Estimator will make use of this model, along with images from the quarry (cameras and/or drone flights), 
environment information from sensors and, potentially, satellite data, etc., to generate an estimation of the volume of 
a certain stockpile. This information, together with the metrics of the process, will also be stored in the data warehouse. 

Interfaces: 

Input Source Output Destination 

Images of quarry 
stockpiles (historical) 

Data lake Stockpile volume 
estimation model 

Estimator 
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Input Source Output Destination 

Generic stockpile images Generic data sets Statistics (training) Data warehouse 

Satellite Images Public satellite imaging 
services 

Stockpile volume 
estimation 

Data warehouse 

Images of quarry 
stockpiles  

Cameras/drone flights Metrics (estimation) Data warehouse 

Table 11: Interfaces for the stockpile volume calculation service 

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 no further data (while awaiting updated inputs). This 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 anomaly detection 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 service allows to implement a preventive maintenance system that, in turn, helps to lower 
production costs. 

 

Figure 36: Base architecture of the anomaly detection of mechanical failures service 

Figure 36 visually describes the architecture of the anomaly detection service. This service (as the aggregate quality and 
grain size determination ones) requires the Estimator to be executed in the quarry with real-time access to the 
information from monitoring devices. The estimator receives all sensor information and produces some results that are 
given to an Aggregator that schedules the insertion in the data warehouse. The estimator may eventually produce some 
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 the Estimator is controlled by a Trainer that generates the models used to analyse the ŜǎǘƛƳŀǘƻǊΩǎ 
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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specificities using quarry data stored in the data lake. The training process will also produce some statistics that are 
used to evaluate the performance of the trained models 

Interfaces: 

Cloud: 

Input Source Output Destination 

Historical data of 
anomalies 

Data lake Anomaly detection 
model 

Estimator 

Generic anomalies Generic data sets Statistics Data warehouse 

Table 12: Interfaces for the acoustic anomaly detection of mechanical failures service (cloud) 

On-premises: 

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 

Table 13:  Interfaces for the acoustic anomaly detection of mechanical failures service (on-premises) 

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 is formulated as a question the Metaquarry service will look for the response in the 
documents retrieved and return the answer in natural language. 

 

Figure 37: Base architecture of the NLP information and document search engine service 

Figure 37 shows the base architecture of the NLP information and document search 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 a Natural Language Module that converts the provided sentence into a query to a Knowledge Base. The later 
produces a list of resulting documents for the query. Then an Aggregator component generates a response from the 
list of relevant documents using a Question Answering Module to make the final response available in the data 
warehouse. 

The list of relevant documents returned by the Knowledge Base is calculated after indexing the documents in the data 
lake made available by each quarry. Note that in the other services the service naturally operates on each quarry in an 
independent way. The Metaquarry service requires a single instance per service. 

Interfaces: 

Input Source Output Destination 

Collection of 
documentation 

Data lake Document list User/Data warehouse 

Query User Textual response User/Data warehouse 

 Statistics Data warehouse 

Table 14: Interfaces for the NLP information and document search engine service 

3.4.3.6 Consumptions and product forecasting 

The consumption and product forecasting 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. The service also uses these estimations to produce some 
recommendations on how the operation can be adjusted to optimize the production. 

 

Figure 38: Base architecture of the consumptions and product forecasting service 

Figure 38 illustrates 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 architecture 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. The Trainer component is responsible to retrieve historical data from the concrete ǉǳŀǊǊȅΩǎ Řŀǘŀ ƭŀƪŜ ŀƴŘ 
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. The Estimator component is responsible of processing the latest 
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ǳƴǇǊƻŎŜǎǎŜŘ Řŀǘŀ ŦǊƻƳ ǘƘŜ ǉǳŀǊǊȅΩǎ Řŀǘŀ ƭŀƪŜ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ǎƻƳŜ ŜȄǘŜǊƴŀƭ ŘŀǘŀΣ ǎǳŎƘ ŀǎ ǿŜŀǘƘŜǊ ƛƴŦƻǊƳŀǘƛƻƴΣ ǘƻ 
produce a set of hourly estimations about production volume and costs that will be inserted into the data warehouse 
for reference. 

During 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 specific 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 evaluate if the 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 some metrics 
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 returns 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 (e.g., weather 
information) 

Generic data sets Statistics Data warehouse 

Table 15: Interfaces for the NLP information and document search engine service 

3.4.4 Specificities by quarries 

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. 
¢ƻ ƎŜǘ ŀƴ ƛŘŜŀ ƻŦ ǘƘŜ ŦƻǊƳŜǊΣ ŀ ǎǳǊǾŜȅ ǿŀǎ ǎƘŀǊŜŘ ǿƛǘƘ ŀƭƭ ǉǳŀǊǊƛŜǎΩ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜǎΣ ǎƻ ǘƘŀǘ ǘƘŜȅ ŎƻǳƭŘ ǊŀǘŜ ǘƘŜƛǊ ƛƴǘŜǊŜǎǘ 
in the different services. Once the answers to the surveys were received, the following service distribution was proposed 
and validated with quarry owners: 

AI Service Area HANSON HOLCIM VICAT CIMPOR CSI 

Aggregate quality determination x     

Grain size determination x     

Stockpile volume calculation  x    

Detection of mechanical failures     x 
NLP information and document 

search engine (Metaquarry)   x   
Consumptions & product 

forecasting    x  

Table 16: AI services distribution across quarries 
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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. Furthermore, results will be shared with 
all quarry owners to give them the chance to re-evaluate their interest. 

 

3.5 BIM system 

3.5.1 General BIM system architecture and interfaces 

The intent of this section is to provide a general 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 to 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 Environment (CDE) to enrich collaboration. 

BIM service is divided into two different groups due to data required and integration differences. 

¶ BIM Common Data Environment (CDE) for facility management. 

¶ BIM Planning Environment 

The planned scenario for BIM Common Data Environment (CDE) will directly integrate with the data lake using 
application programming interfaces or manually and store their results in Common Data Environment (CDE). BIM 
Common Data Environment (CDE) includes federated 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/or cloud-based databases of the BIM 
Expert system. The most important point here is the data will associate with 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 aims to optimize haulage process, improve planning quality, and risk mitigation due to 
visualization of the planned process.  

Figure 39 illustrates the general architecture of the BIM system. 
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. 

Figure 39: General architecture of BIM system 

3.5.2 BIM Common Data Environment (CDE) 

The BIM Common Data Environment service consumes mainly 3 different types of data: Graphical model, 
documentation and non-graphical data. The system connects BIM models and project data in one environment, which 
is deployed cloud. The project data and model will be associated with metadata 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 model means a 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 of generating 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 and equipment types. 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 
Environment (CDE)  

x x x x  

Design Solutions  x x x x x 

Table 17: Analysis of the 3D BIM model file extensions that the expert system supports 

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 

Table 18: Interfaces for 3D BIM models 

Non-Graphical Model: 

Non-graphical 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 same ŀŦǘŜǊ ƛǘΩǎ ŎƻƭƭŜŎǘŜŘΦ {ǘŀǘƛŎ Řŀǘŀ ƛƴŎƭǳŘŜǎ Řŀǘŀ ƻƴ 
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. 

5ȅƴŀƳƛŎ Řŀǘŀ όLƻ¢ύ ǊŜŦŜǊ ǘƻ ǘƘŜ Řŀǘŀ ǘƘŀǘ Ŏƻƴǘƛƴǳŀƭƭȅ ŎƘŀƴƎŜǎ ŀŦǘŜǊ ƛǘΩǎ ǊŜŎƻǊŘŜŘ ƛƴ ƻǊŘŜǊ ǘƻ Ƴŀƛƴǘŀƛƴ ƛǘǎ ƛƴǘŜƎǊƛǘȅ ǎǳŎƘ 
as energy consumption, frequency and operational mode. This type of data will be stored in the BIM Common Data 
Environment (CDE) database and integrated using application programming interfaces (API). 

Figure 40 illustrates the Dynamic Data (IoT) General Architecture. 
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Figure 40: General Architecture of Dynamic Data (IoT) 

Interfaces: 

Input Source Output Destination 

Dynamic Data (IoT) 
Data lake 
(Automated) 

- 
BIM Common Data 
Environment (CDE) 

Static Data 
Data lake 

(Manually) 
- 3D BIM Model 

Table 19: Interfaces for non-graphical data 

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 simplify the understanding the specification documents 
of the machines and maintenance documents of assets can be given as examples. 

Interfaces: 

Input Source Output Destination 

Documents 
Data lake,  
Pilot Sites 
(Manually) 

- 
BIM Common Data 
Environment (CDE) 

Table 20: Interfaces for documents 
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3.5.3 Planning Environment 

Expert system in the planning environment requires windows-based computers. The planning environment is divided 
into 3 groups in itself. 

¶ 4D BIM Planning service 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 from the quarries 
that have been stored in the data lake and provide model-based scheduling and model-based estimating. 

¶ Time-Location Planning service works together with the 4D BIM Planning system, and it is in charge of 
optimizing the haulage process according to the received data. 

¶ Planning Analytics and Risk Analysis service take the data from 4D BIM Planning and Time-Location services 
manually and analyze the quality and risk of planning. 

Interfaces: 

Input Source Output Destination 

Mass Locations and Quantities 
Data lake,  
Pilot Sites 
(Manually) 

- 
Time Location Planning,  

4D BIM Planning System 

Labour & Machinery 
Productivity Rate 

Data lake,  
Pilot Sites 
(Manually) 

- 

Time Location Planning,  

4D BIM Planning System 

 

Hauling Distance 
Data lake,  
Pilot Sites 
(Manually) 

- 

Time Location Planning,  

4D BIM Planning System 

 

Mass Type  

(Characterization of Earth) 

Data lake,  
Pilot Sites 
(Manually) 

- 

Time Location Planning,  

4D BIM Planning System 

 

Labour & Machine Capacity 

Data lake,  

Pilot Sites 

(Manually) 

- 

Time Location Planning,  

4D BIM Planning System 

 

Table 21: Interfaces for planning environment 

 

3.6 Reporting and Management tools 

The management tool is the central part of the interaction with the end-user of the IQS and the DEQ. Because 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.). 

The main function is to be a visualisation and reporting tool for the main KPI generated 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 the 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 systems.  It is not convenient for the end-users to navigate between 
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and use different tools for accessing information which could be provided conveniently in one single system. If the 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: 

¶ 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. 

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

¶ .ŜƛƴƎ ŀōƭŜ ǘƻ ŦƛƭǘŜǊ ŀƴŘ ŀƎƎǊŜƎŀǘŜ Řŀǘŀ ŦǊƻƳ ŀƭƭ ŜȄǇŜǊǘ ǎȅǎǘŜƳǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǳǎŜǊΩǎ ƴŜŜŘǎΦ CƻǊ ŜȄŀƳǇƭŜΣ 
display data by start and end date, aggregating by weeks, months, or days, by quarry, by country or area, etc.  

 

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

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

¶ Export data to other data formats (e.g., csv or xlsx) 

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

¶ Generate graphical reports. 

¶ Run Python or R scripts. 

 

3.6.1 Results of the Benchmark for the best reporting software tool 

¢ƘŜ Ŧǳƭƭ ōŜƴŎƘƳŀǊƪΩǎ ǎǘǳŘȅ ǊŜǎǳƭǘǎ done by AKKA are available in Appendix 7.1. Here below is a synthesis of the main 
results related to the Business Intelligence components.  

The global view of the components that will be used to build IQS Business Intelligence solution and the global cost are 
presented in section 3.3.1 Results of the Benchmark for the best IoT platform tools. 
 
Below, some details are given for the business intelligence components: 

- Description 
- Metrics 
- Costs 
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Components: Power BI and Elastic Cloud 

  
Description: 
- Power BI is a Microsoft tool specifically dedicated to data exploration, analysis and visualization. 
- Power BI offers the possibility to create dynamic and interactive dashboards. 
- ELK Suite is used as BI Component over the Cloud. 

Metrics: 

 
Costs: 

 

 

3.6.2 Power BI ecosystem 

The following figure shows the main components of Power BI solution and how different users contribute to the design 
of the dashboards and to the management of the environment, to make available the dashboards to the quarry end 
users. 

 

 

 

 

κ фϵ κ мтϵ
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Figure 41: tƻǿŜǊ .L ŜŎƻǎȅǎǘŜƳ ŀƴŘ ŎƻƳǇƻƴŜƴǘΩǎ ŜƴŘ ǳǎŜǊǎ 

Power BI Desktop is a desktop tools built for the analyst and used to: 

¶ Create queries, datasets, import data from a wide variety of data sources 

¶ Create relationships and enrich our data model with new measures and data formats 

¶ Create, upload, publish and refresh publish reports 

Power BI service is a cloud service where Power BI users can: 

¶ Discover and access data, reports, dashboards and other business intelligence-related content which has been 
shared with them. 

¶ Publish data, reports, dashboards and other business intelligence-related content that they have created. 

¶ Connect to on-premises and cloud data sources seamlessly, with scheduled refresh. 

¶ Share and distribute this content with authorized users, both inside and outside of the organization. 

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

¶ MyWorkspace: Every Power BI user has a private ŀǊŜŀ ŎŀƭƭŜŘ άaȅ ²ƻǊƪǎǇŀŎŜέ ǿƘƛŎƘ ƛǎ ƛƴǘŜƴŘŜŘ ǇǳǊŜƭȅ ŦƻǊ 
personal use.  

¶ 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 modes[1] of interaction with reports in the Power BI service: Edit Mode and Read Mode. If you are a 
business user, you are more likely to use Read mode to consume reports created by other users. Edit mode is used by 

https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=fr-fr&rs=fr-fr&wopisrc=https%3A%2F%2Ftobumo.sharepoint.com%2Fsites%2FAKR-DigiEcoQuarry%2F_vti_bin%2Fwopi.ashx%2Ffiles%2Ffdc6dfdd4d1b49cb8787f209f8bb0403&wdenableroaming=1&mscc=1&hid=47ce8f28-92a7-87ef-1070-a2fe9301f7ff-6216&uiembed=1&uih=teams&uihit=files&hhdr=1&dchat=1&sc=%7B%22pmo%22%3A%22https%3A%2F%2Fteams.microsoft.com%22%2C%22pmshare%22%3Atrue%2C%22surl%22%3A%22%22%2C%22curl%22%3A%22%22%2C%22vurl%22%3A%22%22%2C%22eurl%22%3A%22https%3A%2F%2Fteams.microsoft.com%2Ffiles%2Fapps%2Fcom.microsoft.teams.files%2Ffiles%2F2208822251%2Fopen%3Fagent%3Dpostmessage%26objectUrl%3Dhttps%253A%252F%252Ftobumo.sharepoint.com%252Fsites%252FAKR-DigiEcoQuarry%252FDocuments%2520partages%252FWP4.IQS%252FD4.1%252FDIGIECOQUARRY_D4.1_Report_IQS_ICT_requirement_analysis_1.0_Draft1.docx%26fileId%3DFDC6DFDD-4D1B-49CB-8787-F209F8BB0403%26fileType%3Ddocx%26ctx%3Dbim%26scenarioId%3D6216%26locale%3Dfr-fr%26theme%3Ddefault%26version%3D21120606800%26setting%3Dring.id%3Ageneral%26setting%3DcreatedTime%3A1656317366063%22%7D&wdorigin=TEAMS-ELECTRON.p2p_ns.bim&wdhostclicktime=1656317365951&jsapi=1&jsapiver=v1&newsession=1&corrid=afabb7be-cd16-4e51-a923-1ff1d5f3b0a3&usid=afabb7be-cd16-4e51-a923-1ff1d5f3b0a3&sftc=1&sams=1&accloop=1&sdr=6&scnd=1&sat=1&hbcv=1&htv=1&hodflp=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected#_ftn1


 

D4.1 Report on IQS ICT requirement 

analysis   

Dissemination level: PU 

 

 

GA # 101003750 28 July 2022 Page 88 of 176    

DIGIECOQUARRY_D4.1_Report_IQS_ICT_requirement_analysis_1.0_Final.docx 

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 BI pro license 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/fr-fr/power-bi/consumer/end-user-reading-view 

Multiple data sources (flat files, csv, excel) will be used. Postgres SQL Database will be used as the main database when 
the RDBMS is adapted. Concerning flat files (csv, excel...) and thanks to power query, retrieved files can be transformed 
before creating the reports, or loaded directly into Power BI to create the report. The integration of Power BI solution 
with the IQS is described in section 4.3 : IQS Integration: Focus on Power BI. 

On-Premises Personal Data Gateway is used to refresh at regular intervals datasets uploaded to Power BI Services. An 
Enterprise gateway may be used to securely refresh corporate datasets in Power BI Service. A schedule refresh plan can 
be defined to schedule when the data model and the dashboards must be refreshed. Thereby, Power BI Pro license 
allows up to 8 refresh per day, while a Power BI Premium license 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 BI using first datasets examples provided by 
DigiEcoQuarry partners and covering different quarry processes. The goal is to initiate these business management tools 
activities in an agile basis by enabling the creation of robust, common, ŀƴŘ ǳǎŜŦǳƭ ŘŀǎƘōƻŀǊŘ ǘƘŀǘ ŎƻƴǾŜǊǎ ǇǊƻƧŜŎǘΩǎ 
needs.  

Treatment plant production dashboard in Vicat Fenouillet pilot site: 

 
To build this dashboard, we have relied on the Excel data provided by Vicat containing information on operating time, 
water consumption according to productions.  
The first histogram shows the daily production (in tons) per product Type. Data can be filtered and displayed per day, 
week, etc. 

https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=fr-fr&rs=fr-fr&wopisrc=https%3A%2F%2Ftobumo.sharepoint.com%2Fsites%2FAKR-DigiEcoQuarry%2F_vti_bin%2Fwopi.ashx%2Ffiles%2Ffdc6dfdd4d1b49cb8787f209f8bb0403&wdenableroaming=1&mscc=1&hid=47ce8f28-92a7-87ef-1070-a2fe9301f7ff-6216&uiembed=1&uih=teams&uihit=files&hhdr=1&dchat=1&sc=%7B%22pmo%22%3A%22https%3A%2F%2Fteams.microsoft.com%22%2C%22pmshare%22%3Atrue%2C%22surl%22%3A%22%22%2C%22curl%22%3A%22%22%2C%22vurl%22%3A%22%22%2C%22eurl%22%3A%22https%3A%2F%2Fteams.microsoft.com%2Ffiles%2Fapps%2Fcom.microsoft.teams.files%2Ffiles%2F2208822251%2Fopen%3Fagent%3Dpostmessage%26objectUrl%3Dhttps%253A%252F%252Ftobumo.sharepoint.com%252Fsites%252FAKR-DigiEcoQuarry%252FDocuments%2520partages%252FWP4.IQS%252FD4.1%252FDIGIECOQUARRY_D4.1_Report_IQS_ICT_requirement_analysis_1.0_Draft1.docx%26fileId%3DFDC6DFDD-4D1B-49CB-8787-F209F8BB0403%26fileType%3Ddocx%26ctx%3Dbim%26scenarioId%3D6216%26locale%3Dfr-fr%26theme%3Ddefault%26version%3D21120606800%26setting%3Dring.id%3Ageneral%26setting%3DcreatedTime%3A1656317366063%22%7D&wdorigin=TEAMS-ELECTRON.p2p_ns.bim&wdhostclicktime=1656317365951&jsapi=1&jsapiver=v1&newsession=1&corrid=afabb7be-cd16-4e51-a923-1ff1d5f3b0a3&usid=afabb7be-cd16-4e51-a923-1ff1d5f3b0a3&sftc=1&sams=1&accloop=1&sdr=6&scnd=1&sat=1&hbcv=1&htv=1&hodflp=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected#_ftnref1
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 opening 
hours, maintenance hours.  
The third diagram shows TC (load rate), TD (availability rate), TS (strategic rate) that are calculated according to 
different times (operating hours, required hours, opening hours). These indicators are expressed as a percentage and 
defined by period, in our case daily. 

 

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

 

This dashboard represents the Running equipment effectiveness (REE), Net Availability Index ςAggregates (NAI)(%), 
Utilization Index ςAggregates (UI)(%), Production Rate IndexςAggregates (PRI)(%)) and the production per day, 

To calculate those KPI we used ὙόὲὲὭὲὫὝὭάὩ, ὒὥὧὯέὪὊὩὩὨὝὭάὩ, ὃὧὸόὥὰὕὴὩὶὥὸὭέὲὝὭάὩ present on a JSON file 
retrieved by calling the Rest API provided by QProduction cloud 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 created a python 
script to collect this production data in a daily basis then control and insert this data on a Postgres SQL 
Database.  Power BI has the ability to connect with a Postgres SQL base, compute the KPI and generate the reports. 
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Fuel consumption dŀǎƘōƻŀǊŘ ǳǎƛƴƎ aŜǘǎƻΩǎ Řŀǘŀ ǊŜƭŀǘŜŘ ǘƻ ƳƻōƛƭŜ ŎǊǳǎƘŜǊΥ 

 

To build this dashboard, we have relied on the Excel data provided by Metso containing information on fuel 
consumption of mobile crusher to be deployed in Vicat.  

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

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

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

 

To build this dashboard, we relied on the CSV data provided by Abaut containing information related to 
transportation 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 minutes from the load location to the unload location per 
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.  

4.1 IQS Integration: Focus on Data Lake 

 

Figure 42: IQS Integration - Focus on Data Lake Platform 

 


















