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IntellTech is a technology company whose core solution is an advanced, integrated, analytical and
intelligent platform called SHMS (Slope Health Monitoring System). It is a modular Cloud-Web-Mobile
technology implemented through our unique methodology called Personalized Digital Projects (PDP). By using
this methodology, the customer can integrate instrumentation, assets, artifacts, protocols, specialist and
homegrown systems, departments, business areas and production units. It also considers its business rules,
specifics needs and requirements. The SHMS implementation takes place in coordination with customer teams
involved in the PDP, to generate a rapid ROI. Scalability, flexibility, development, customization and performance
are some of the premises that guide the Customized Solution, which is the PDP's final product.
The SHMS Platform implementation, with its core modules, offers a range of Big Data analyses, timeseries forecasts, space-time analysis of instrumentation data and its tags, 2D and 3D monitoring, centralized and
contextualized management of artifacts, technical and/or strategic data and information, deterministic and
probabilistic dynamic stability analysis, field inspections and recording of manual instruments data, construction
of dynamic event trees and bench reconciliation, among other capabilities. These functionalities and/or core
modules are available for different users using view control, which can be set for specific groups, such as
technicians, sectors, areas, production units, etc. This allows the customer to have all the modules in a single
virtual environment, since its technical architecture is based on a multiplatform concept with clear, specific
rules. Using the SHMS and the services of IntellTech's technical team, the customer can centralize and integrate
its business, providing support to the Digital Mine transformation.
Geo Inspector is one of the SHMS “core” modules. It is the only SHMS module that can operate in a
standalone mode and it is a web-mobile platform, whose main goal is the centralized management of field
activities, especially inspection and monitoring. It has a broad range of capabilities for the configuration and
customization of field actions by the users themselves, enforcing security rules and control of collected data, in
addition to business rules. Furthermore, there is no limitation on the number of users, instruments, geotechnical
structures, operation areas, or registered production units. Once the instrumentation data is recorded in the
Geo Inspector Platform database, they are automatically sent to the SHMS’ Data Lake, enabling users to analyze
them together with all other data and information from other sources, such as data from automated
instruments.
The following are the 13 SHMS “core” modules:

1.

Geo Inspector Web-Mobile Platform

8.

Dynamic Stability Analysis

2.

Instrumentation

9.

Risk Maps

3.

Static Cross-section

10.

Documentation Management

4.

Big Data and Predictive Analysis

11.

File Drive

5.

2D Monitoring

12.

Bench Reconciliation

6.

3D Monitoring

13.

Geological Survey.

7.

Fault Trees

It is important to highlight that the SHMS continuously receives new features, capabilities, and modules
developed as customer requests during the implementation of their PDP.
In Figure 1, the diagram illustrates a conceptual integration of assets as well as customer’s business
rules. SHMS unifies, contextualizes, and standardizes temporal and/or spatial data and its contextualized
information from different types of sources – databases, protocols, instruments, sensors, tags, files, images and
processes. IntellTech solutions augmented by its services has the capability of supporting any kind of integration.
Figure 1 also shows the data flow and information from the SHMS Data Lake, where all the data is
automatically collected from different sources using standard and/or custom – Application Programming
Interfaces (APIs), which are part of the SHMS platform.

Figure 1: Overview of SHMS central modules integrated with Geo Inspector that is part of the IntellTech Solution.

A brief description of each SHMS core module illustrated with screenshots is shown below.

o

MODULE 1 (standalone) – Geo Inspector Platform: This is a web-mobile Platform that allows the
integrated, contextualized and intelligent management of data and information related to
monitoring activities of manual instrumentation and field inspection, anomalies and asset
management; as well as the follow-up of anomaly repair actions, centralization of data from field
trials and the generation of customized technical and strategic reports. Manual instrument reading
and inspection forms or any other field activity that requires visual inspections are easily
customizable by the users, according to their internal or regulatory requirements. Geo Inspector
supports a variety of reports, such as monitoring, inspection and regulation compliance, as well as
several types of data and visualization filters.

Figure 2: Login Interface, dashboard/overview, and list of late activity screens in Geo Inspector Mobile.

Figure 3: Progress of monitoring activities on 10/08/2020, with an indication of the automatically obtained position of a
technician at the time of completing the reading sheet.

Figure 4: Schedule incorporating the planning and organization of all monitoring and inspection activities .

Figure 5: Anomaly Management report with KPI’s and anomaly status.

o

MODULE 2 – Instrumentation: Easy to use and very effective solution, the Instrumentation core
module allows the users to manage and control all data and information from instrumentation, as
well as its tags and unique sensors. Some features provide user options to set up levels of
monitoring, risk charts and operation alarms for all instrumentation. All instrumentation risk alarms
levels can be defined by the users in a contextualized manner, according to their engineering
standards (Figure 9). The users may generate and define new monitoring mechanisms based on big
data from radars and satellites. It is important to highlight that the Instrumentation Module has
specific instrumentation configuration options. Another key SHMS capability is connecting with
OEM sensors and instruments systems, such as GeoMoS from Hexagon/Leica, Slideminder from Call
& Nicholas, Guardian from IDS Georadar, and bring data to seem at Instrumentation Module. The
users can also produce different analysis and alarm types that are configurable through formulas
and/or methodologies constructed by programming language (Figure 8). The SHMS
Instrumentation Module allows all data and information to be auditable and traceable anytime,
considering the customer's business and regulatory rules.

Figure 6: Examples of communication interfaces (agents) available in SHMS for instrumentation from different vendors.

Figure 7: Examples of some instruments registered in the management and configuration area.

Figure 8: Area for editing virtual tags by inserting formulas to calculate new values from the raw data collected by the
instrumentation.

Figure 9: Alarm management screen associated with measurements of an instrument in SHMS.

Figure 10: Setting the criteria for triggering notifications for an instrument alarm in SHMS.

o

MODULE 3 – 2D Monitoring: This module offers the ability to monitor geotechnical structures in a
2D environment, as well as features such as, measurement of distances, visualization of crosssections with instrumentation, geological layers and risk maps per instrument, real-time water
levels, generation of statistical analyses and some additional key functionalities like, big data
analytics and forecasting (Figure 11) and line graphs (Figure 13). They can be generated by the
users and instruments to check the behavioral similarity over time to evaluate correlation, which
can be viewed by periods and by zoom levels. They also allow the generation of vectors associated
with prisms (Figure 12) and offer several configuration options. It permits the visualization of
instrument location in 2D WebGIS Maps, with their readings collected automatically as well as by
field technicians, using Geo Inspector. It also includes instrumentation risk analysis charts on the
map and operability status, as well as functionalities like multi-layers management, and alarms
previously defined at the Instrumentation Module for radars and satellites. Radar and satellite data
can also be seen and analyzed with the 2D Monitoring Module. The 2D map module allows the
creation of layers related to sub-region risk maps with quantitative and qualitative information; and
the importing of orthoimage layers (Figure 14), etc.

Figure 11: 2D Monitoring Module screen with a correlation matrix that has five different sensors.

Figure 12: Representation of the resulting vectors and their orthogonal components of the surface displacement behavior
measured by prisms installed in a tailings dam.

Figure 13: Temporal chart of the displacement of a previously selected region in a radar point cloud.

Figure 14: 2D Monitoring Module screen with the instruments and a layer with the contour lines.

o

MODULE 4 – 3D Monitoring: This module performs monitoring of geotechnical structures in a 3D
environment. All functionalities available with the 2D Monitoring Module are also available with
the 3D Monitoring Module. The Figure 15 shows a screenshot of layers of two radars, a list of
instruments, several instruments on the terrain, and time series of data from four different
instruments collected over the last 30 days. Its the set time window.

Figure 15: Monitoring through 3D models, with a list of instruments and a temporal chart of four virtual tags of different
instruments.

o

MODULE 5 – Big Data and Predictive Analysis: Supported by several advanced data science
concepts, this module offers several statistical analysis and functionalities, like:
o

orthographic projection of prisms, under 2D and 3D;

o

cross-section with geological layers with associated instruments and their risk charts;

o

correlation and sensitivity analysis of different instruments, sensors and tags;

o

calculation of trend curves;

o

qualitative behavior classification including stationary, linear increasing, linear decreasing,
accelerating increasing, accelerating decreasing, decelerating increasing or decelerating
decreasing;

o

representativeness regarding variability and/or its correlation to other sensors;

o

exploratory statistics for back analysis, such as measures of central tendency, dispersion,
asymmetry, separatrices, box-plot and histogram, regardless of the structural position and
time; partial and simple autocorrelations;

o

mechanical properties graphs, displacement, speed and acceleration;

o

spatial analysis, for instance, TDR, SAA and inclinometers associated with the soil layer, as
shown in Figure 18;

o

insertion of objects, such as photos, maps and comments.

It is also possible to generate predictions about the expected future structural behavior of
geotechnical structures, as well as their boundary conditions and, the possible "time range" of
future break time. The SHMS Solution also incorporates predictive methods, based on machine
learning, artificial intelligence, statistical forecasting methods and hybrids and industry standard
methodologies. All statistical prognostic results are automatically generated with a few simple
clicks. The user does not need to have a background in predictive modeling or knowledge of
theoretical concepts on data analysis.

Figure 16: Example of a customized dashboard of the Big Data and Predictive Analysis Module with several possible
analysis types to use with all the of the instruments' data.

Figure 17: Another example of a customized dashboard with analyses presented in Boxplot, Decomposition, and Crosscorrelation charts.

Figure 18: Customized dashboard with geotechnical analysis of inclinometer data .

o

MODULE 6 – Static Cross-Section: This module allows for the creation of charts combining
uploaded geological cross sections and instrument readings by the users. Each selected instrument
can have its critical alarm limits set and its status displayed with each new observation that feeds
the Instrumentation Module. Figures 19 and 20 show examples at 2D Monitoring and 3D
Monitoring modules, respectively. Figure 21 presents details of the risk chart with updated water
levels. Finally, in Figure 22, a custom dashboard shows the cross-section jointly with other analyses.

Figure 19: Visualization of a static cross-section on the SHMS 2D Monitoring Module screen.

Figure 20: Visualization of a static cross-section on the SHMS 3D Monitoring Module screen.

Figure 21: Detailed and dynamic analysis of the risk chart levels of a piezometer cut by a cross-section.

Figure 22: Visualization of a cross-section and other analyzes in a dynamic dashboard, that is customized by the user.

o

MODULE 7 – Dynamic Stability Analysis: This module allows the automatic calculation of safety
factors (Figure 23) and their probability distributions or reliability analysis (Figure 24) through a
dynamic calculation approach. The user can calculate a safety factor time series. The module
provides the calculation of several analyses, such as the most likely safety factor, the probability of
a safety factor is less than 1, the sensitivity, impact, and correlation of a safety factor with the
properties of soil and pore pressure measured by manual and/or automatic piezometers. The users
can visualize the stress and strain distributions along a cross-section through finite element meshes
to identify analysis regions and possible surface failure. The user can design and place the
instruments and set up their preferences such as updating safety factors every 60 minutes. This
module also offers a functionality to easily import cross-sections from the Rocscience Slide to its
environment, as shown in Figure 25.

Figure 23: Editing steps regarding a cross-section with instrumentation.

Figure 24: Probabilistic analysis by LE, with a surface search using the AB method.

Figure 25: Deterministic analysis by LE, with a surface search using the center matrix method.

o

MODULE 8 – Risk Maps: This module allows the dynamic definition of risk maps in the monitoring
areas, with colors, indicators and field observed events. They all refer to the specific area. It also
provides the capability to export risk maps in .PNG file format, so the analysis and monitoring of
conditions can be used in reports and other documents. In the maps, users can prioritize their data

analysis and information that belongs to and/or is associated with an area whose map indicates any
high potential risk of accidents. Figure 26 shows the generation of a risk map, while Figure 27 presents
regions in an Open-Pit with a different color-coded risk status for each area.

Figure 26: Creating the polygon of a new risk area.

Figure 27: Mine pit region with risk layers highlighted in the Risk Maps Module.

o

MODULE 9 – File Drive: This module allows for the storing of any file, including reports, photos,
spreadsheets, etc. It allows for the centralized and contextualized management of any document
on the SHMS platform. Every document is versioned and managed. It is also possible to link an
artifact to a respective instrument and/or geologic survey, that was previously registered in the
SHMS Platform. It generates links to the information with the combination of the search tools,
allowing easy access to any information related to the managed asset. Figure 28 shows a directory
structure that has been dynamically created by the user. Figure 29 presents an example of files
stored in one of the user created folders. Finally, Figure 30 has a screenshot of an association of a
file to a specific instrument for future retrieval and traceability of information.

Figure 28: Directory structure dynamically created by users for storing files and documents.

Figure 29: Example of files stored in one of the created folders.

Figure 30: Association of a file to a specific instrument for future consultation and traceability of information.

o

MODULE 10 – Documentation Management: This module allows for the generation and
management of dynamic folders. For each folder, the documents expected to be attached are predefined, supporting regulatory requirements to store and manage documentation. The module
capabilities include dynamic configuration of complementary files (attachments) to the main files,
version control, definition of expiration dates for documents that need periodic updates,
notification configuration by e-mail, alerts, or SMS message and expiration dates that are associated
with the documents. This indicates to the users the need to update the stored documents, among
other features. Therefore, Figures 31, 32, and 33 show the configuration steps for a document
structure, as well as its rules according to the requirements. They also show the configured
document structure that can be filled, according to the defined rules. Finally, they illustrate the list
of expected documents to be filed at a defined volume and its expiration warning in the document
structure and their status.

Figure 31: Configuration steps for a document structure and its rules according to the legislation.

Figure 32: Configured document structure able to be filled according to pre-defined rules.

Figure 33: List of expected documents to be fed at a defined volume and its expiration warning in the document structure.

o

MODULE 11 – Bench Reconciliation: This module allows the analysis of geotechnical structures in
terms of their geometry, so cross-sections can be extracted directly from 3D models of the
structures. It calculates the following geometric properties: slope face angle, effective bench, etc.
This module allows a comparison of two-point clouds, indicating important aspects like deviations
between projected and realized slopes. Figures 34, 35, 36, and 37 show topography with a model
designed for comparison and cross-sections, the list of polylines for each cross-section with its
parameters, bench reconciliation results of several cross-sections previously registered, and, finally,
a comparison between two-point clouds. In this case, they are the planned bench excavation and
executed mining advances.

Figure 34: Topography with a model designed for comparisons and cross-sections.

Figure 35: Selection of the polyline for each cross-section.

Figure 36: Results table of bench reconciliation of several cross-sections previously registered in SHMS.

Figure 37: Comparison between two-point clouds resulting from the planned bench excavation and executed mining
advances.

o

MODULE 12 – Fault Tree: In this module, the concept of monitoring is raised to a systematic level,
with a higher level of automation. A fault tree can store knowledge regarding technical experience
and/or specific users' knowledge concerning their geotechnical structures. To make this possible,
each node in the tree can be configured by the user to be logical or analytical. It can also provide
the construction of preliminary events. For example, this could include the levels of pore pressure
and/or precipitation that may incur a base event, such a slip from a concrete dam. The user has a
wide spectrum of fault trees' possibilities. As a result, there are several methods available to
automatically process events. It is important to point out that each tree can be interpreted as a kind
of "virtual robot." It is configured according to criteria, experience, and know-how from the users.
Figure 38 demonstrates a fault tree that can be used for automated monitoring. In Figure 39, some
possible configurations are shown – in the option “new expression”, the user may introduce new
rules from data science and/or geosciences to the fault tree.

Figure 38: Example of a fault tree for an automated monitoring.

Figure 39: Example of the process of configuring a new node in the fault tree for an automated monitoring.

o

MODULE 13 – Geologic Survey: This module is responsible for managing technical information
generated in the pit geologic surveys. It is possible to insert information along with all the survey
information, such as length through dynamic mechanisms. Figure 40 shows a screenshot of the
identification and registration of the location of a survey at the SHMS Geological Survey Module.
Figure 41 shows a screenshot of the definition of variables, as well as lithologies. Finally, Figure 42
provides a screenshot for the visualization of survey data in the Geological Survey Module.

Figure 40: Identification and registration of the location of a survey in the SHMS Geological Survey Module.

Figure 41: Definition of variables and lithologies in the SHMS Geological Survey Module.

Figure 42: Visualization of survey data in the SHMS Geological Survey Module.

All SHMS core modules work in a synchronized and interdependent manner. Despite the complexity of
methods and algorithms that make up SHMS as a whole, its results can be obtained very simply. In other words,
the user does not need to perform any technical, numerical, and/or theoretical actions to get the information
produced from the centralized raw data repository at SHMS Data Lake. All of the results that come from the
system's algorithms are presented using an easy-to-use, easy-to-learn interface, dashboards and dynamic
reports. They can be customized by the users, according to their preferences and knowledge. Information can
be analyzed using other features, such as fault trees, layers, maps, etc. In general, the information and user
interface can be defined by the users in a simple and organized way, making it substantially easier to interpret
and to aggregate value to the decision-making process.

