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Advances in data analytics and Machine Learning (ML) techniques have seen a tremendous uplift in
recent years and impacted most complex mining operations regarding safety improvement, operations
optimization, and cost reduction. However, due to a lack of coding skills, most mining personnel face
the challenge of fully adopting these techniques. In this project, a desktop application, Ute Analytics,
was developed to allow users with little or no coding skills to perform data analytics and apply machine
learning to any structured data. The app has an easy-to-use Graphical User Interface (GUI) and in-built
data cleaning algorithms for users to import structured data, perform data cleaning, and store the cleaned
data on their computers. Several Exploratory Data Analysis (EDA) tools were built into the app to enable
users to explore trends and get insights from data. Additionally, the app has in-built machine learning
tools-regression and classification algorithms- to give users the ability to train, test, and build machine
learning models for predictive purposes. Finally, the app is made executable so it can be installed on any
computer with Windows Operating System. With its user-friendly GUI, the desktop application was tested
on real industrial data, and its ease of use proved that mining personnel and data enthusiasts with no
coding experience could use it to benefit from data analytics without the need to understand or write
complex computer codes.

Keywords: Ute Analytics; Desktop application; Data analytics; Machine learning; Linear regression;
Random forest

Abbreviations: ML: Machine Learning; GUI: Graphical User Interface; EDA: Exploratory Data Analysis;
CI: Computational Intelligence; NLP: Natural Language Processing; HSMS: Health and Safety Management
Systems; RF: Random Forest; SME: Subject Matter Expert; OS: Operating System

Introduction

Like any other complex industrial operation, the mining industry requires intense capital
injection and, as such, requires maximum asset utilization and throughput [1]. However, the
industry continues to face several challenges ranging from diminishing resources, deeper
deposits, harder rock mass, high capital and operating costs, volatile markets, and increasing
environmental and social awareness [2,3]. This can disrupt the operational success of mining
companies. Consequently, advanced data analytics and Machine Learning (ML) have been
tipped to possess great value by extracting insights from operational data to enable process
optimization, increased equipment efficiency, and timely decision-making [4]. With the
amount of data generated from mining operations and advances in ML and data analytics,
companies can make real-time decisions and predict future events to improve operations
performance, reliability, and efficiency [2,5].

Work done by researchers and subject-matter experts

Regardless of the humungous amount of available data, mining companies’ adoption of
modern innovative techniques to utilize data has not been as comprehensive and fast-paced
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as in other industries [6,7]. Ali & Frimpong [8] stressed that while
industrial organizations continue to make impressive strides
in developing and implementing these innovative techniques,
the mining industry still lags in its adoption and application
towards achieving intelligent operational autonomy. Despite these
apparent concerns, the World Economic Forum [9] insists mining
companies have been leaders in some areas but late adopters in
other innovative disciplines. Nonetheless, the trend has recently
seen a positive change as researchers and subject matter experts
have begun to employ data analytics and machine learning to
solve complex operational challenges. Ganguli et al. [10] noted
this upward trend when they recognized that the industry has
moved from the data-collection stage to the data utilization stage
by employing Computational Intelligence (CI) techniques such as
neural networks, fuzzy systems, and evolutionary computing. In
mine health and safety, Talebi et al. [11] utilized a Random Forest
(RF) to detect potential leading fatigue indicators to help managers
make informed decisions on fatigue management. Researchers have
also used Natural Language Processing (NLP) algorithm to classify
mine accident narratives based on MSHA standards [12], thus,
helping mining managers identify the best mitigating strategies in
their Health and Safety Management Systems (HSMS).

Mine planning is another area where data analytics and ML
have significantly impacted. For instance, Sarantsatsral et al. [13]
used RF to identify and predict rock types below known benches to
help strategic mine planning. In a further study, a mining company

used machine learning to predict rock domains [14]. Researchers
and subject matter experts have used these techniques to identify
rock types within mining blocks, optimize the truck dispatching
approach to increase mine production, and provide better and
faster mineral reserve and ore grade estimates [13,15-19].
Additionally, several researchers have used data analytics and ML
algorithms to optimize drill and blast in terms of fragmentation,
back breaks, fly rocks, and blast-induced ground vibrations [20-
25]. Srivastava et al. [26-29], have employed these techniques to
improve mill throughput, reduce high costs, and enhance mill
efficiency in operating mines.

Adoption of data analytics and ML techniques by mine
workers

It is undeniable that the work done by the subject matter
experts and researchers in advancing the frontiers of ML and
data analytics adoption and implementation in mining (some
discussed earlier) has impacted many operations in diverse ways.
However, despite the immense efforts of researchers and experts
to promote the complete adoption and integration of ML and data
analytics techniques in the mining field, it is unfortunate to note
that utilization of ML is low as the typical mining industry engineer
lacks a background in ML. Additionally, being able to program in
Python, R, etc. [30] is critical to applying ML. Therefore, the goal
of this research was to develop a tool to make ML accessible to the
typical industry Subject Matter Expert (SME) without requiring
knowledge of ML or programming.

Background to computer software and desktop applications

Computer Software
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Figure 1: Structural breakdown of the computer software.
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Computer software is a set of instructions or programs designed
for a computer to perform a specific function directly for an end
user or another application; they are classified into either system
software or application software depending on the usability or the
intended users of the program [31,32]. Figure 1 shows a structural
breakdown of the computer software. System software consists of
programs that operate on the computer background to allow other
applications to run and do not directly interfere with the computer
user. Their architecture is designed to simultaneously execute and
process hardware and application software development, thus,

providing an interface between hardware and application software
[31,33]. These system applications include assemblers, compilers,
file management tools, and the operating system. Figure 2 shows the
types of system softwares. Application software (app) is built to run
on a computer’s system software. Unlike system software, which is
usually installed with the Operating System (OS) automatically,
apps are installed on a computer based on what task the user wants
to perform. As shown in Figure 1, application software can be a
web-based or desktop app.

Device
Drivers

Firmware

_

Software

N4

Utilities

Programming
Language Translator

BIOS and
UEFI

Figure 2: Types of computer system software [33].

Web-based applications: Web-based applications (also
known as web apps) depend on the web or the internet for their
correct execution because they are configured and installed on a
remote server [34,35]. Although web apps have gained popularity
recently, especially since the internet’s inception, they have some
disadvantages that render some programs unable to be executed
over the web. As noted by Desia [36], some of these bottlenecks are:

a.  They solely depend on internet availability.

b.  Disruptions on the internet make their execution relatively
slow.

c.  Users can be prone to cyber-attacks, which can challenge
their data security.

d.  Web apps can be costly for users when subscription fees
are charged.

Desktop application: Desktop applications or software have
been around for many years and were the primary approach to
building computer software way before the rise of the internet
[37]. A desktop app runs on standalone computers and comes
in a GUI that allows users to perform specific tasks [32]. They
nullify the disadvantages of web apps and enable apps to interact
directly with the computer hardware, thus, giving desktop apps
high performance and easy access to hardware components such
as CPU and memory [36,37]. Consequently, this makes it a good
choice for building data analytics and ML apps that will need to take
direct advantage of the processing power of a computer’s Control
Processing Unit (CPU) cores. Desktop apps are usually packaged in
executable files (.exe for Windows OS and .app for Mac 0S) [38],
with the main source code bundled together with other external
resources. External resources could be images, icons, or GUI files-
separate from the source code- that make the program function as
expected [39].
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With powerful computers becoming common these days, it can
be incredibly beneficial to miners, and data enthusiasts, without
coding skills to have a data analytics and ML application tool with
user-friendly features. This can potentially ease mining workforce
adoption and utilization of these powerful techniques. Therefore,
in this project, we capitalized on Graphical User Interface (GUI)
programming to develop an executable Windows OS desktop
application to allow users with little or no coding skills to perform
data analytics and apply machine learning to any structured data.

Materials and Methods
Programming language and libraries

The Python [40] programming language was chosen for this
research because it has built-in libraries for developing desktop
applications and building ML models, aside from having a friendly
syntax for object-oriented programming [41]. PyQt5 library, a set of
Python bindings for version 5 of the Qt application framework [42],
was used to build all GUIs. Qt is a set of C++ libraries for building
GUIs and it's owned by the Qt Company. However, the PyQt5
library is owned by Riverbank Computing and is available under
the GPL v3 and the Riverbank Commercial License. Multithreading,
which allows multiple codes to be executed in parallel [43], was
employed to speed up the application when handling large datasets
and building ML models. This improved user experience and
maintained the app’s responsiveness even when ML models were
being processed in the background. Ute Analytics leverages many
machine learning and plotting tools from scikit-learn, seaborn,
and Matplotlib [44-46]. The source code and resource files were
packaged in Qt Creator, an Integrated Development Environment
(IDE) [47], which allows users to build GUI applications and
package them into executables for subsequent deployment.

Communications within app

The backend of the desktop application has a combination
of signals and slots, coupled with several custom-built methods
or functions that provide functionality as the user interacts with
the program. Widgets (also called objects and includes buttons,

Welcome screen window

labels, views, selection boxes, etc.) are the core objects in the GUI
and provide the access through which the user interacts with the
program. Each user interaction, known as an “event”, causes a
function or method to execute in response to the event. A signal,
which is emitted whenever an event is triggered, is connected to
a slot to cause program response or functionality. A slot can be a
Python callable or function(s) [48].

App features

There is a data Import feature, which allows a user to import a
dataset of their choice. Currently only excel (.xIsx or .xls) and CSV
file formats are supported. Before importing a dataset, the user
has to select a folder directory that will be used as the default file
directory. Data cleaning features, available under the Data Edit
menu, allow the user to clean the dataset. The user can handle
missing data, filter out data outliers, change column data types,
etc.-some of which are under development. The Analysis menu has
options to enable the user to perform EDAs on the data. The user
can get data information such as shape, data types, and the number
of missing data. The user can get descriptive statistics about
the data. Data visualization tools can be used to plot line charts,
histograms, boxplots, data distribution charts, etc. The Models
menu has ML tools for building regression and classification
models. There are options for linear models (linear, lasso, and ridge
regression), random forest models, and neural network models. In
a typical workflow, the user imports a dataset into the app, explores
the data with EDA tools, cleans the data, visualizes the data, builds
ML models, and views the model report, which can be saved onto
the computer.

Results and Discussions

Ute Analytics, which is still under development, was tested on
two datasets, as shown in the following demonstration (sections
5.1 and 5.2). EDA demonstration was done using a dataset from the
plant operations of an active gold mine. Additionally, a dataset from
the froth floatation process of a mine [49] was used to build an RF
model to predict silica content in iron concentrate.

870 UteAnalytics
File Help

o

Welcome to UteAnalytics

Making Analytics easy and simple

:

{7 Directory |‘.7.-:.'-::: folder path

T Mext

20 Cancel

(2) Help

Figure 3: Welcome screen to UteAnalytics.
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The welcome screen is the first GUI to the program (Figure 3).
The Directory button allows the user to select a folder directory.
This folder is where all models and cleaned data sets are saved.
When clicked, the Next button is activated once a folder is selected

and opens the “Import Data File” window (Figure 4). The “Import

Data File” window allows the user to select a file. The user can select
data columns of interest from the drop-down list and preview the
first five (5) rows. Clicking the Forward Arrow pops up the Data
Analysis window shown in Figure 5.

File

Help

850 Utelnalytics - Import Data File

@ | &/ Users/ur328 3194/ Desktop/Lewis Cdure_UeflU/Academics/Personal Studies/Pydts/Mill_Data.xlzx

&

=

TotalPb.CON.SLD.Au.MPA.SHIFT.gpt TotalPb.CON.SLD.Fe.MPA.SHIFT.® TotalPb.CON.SLD.Sb.MPA.SHIFT.® TotalZn.COM.SLD.TME*

1 148.62367248535156
2 116.43239135742188
3 68.36e88861835156

4 GEB.64545E22143555

‘

6.599973281751789

5.6671837673958195

3.2529094219287764

5.3331584928415902

3.4999661445617676 E6E.2813728783125
2.6683618515594482 723.3257445289862
3.127789258956989 753.8987548328125
2.8475747198459473 £23.9871655273438
i
| 3

Figure 4: Import data file window.

£} Ute Analytics - Data Analysis ]
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[£ Create New Dataset [l Descriptive Statistics
TotalPb.FD.SLDSLMPA SHIFT % TotalPb _ LOMN.SLD.Ag.MPA SHIFT gpt TotalZn.CON.5LD.Cu.MPA SHIFT % TotalZn. TAIL SLD.Cu.MPA SHIFT%
Line Plot | Histogram | Boxplot
1 76.2640380859375 14062367 65722656 0.3265674114227295 0.0041486076507930899
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5 7084770202636719 76.52071380615234 185 6787841796875 0.30391979217529297 0.003653024323284626

6  69.9940185546875 75.9959945678711 139.80911254882812 0.2354126274585724 0.003603257704526186

7 7599321746826172 77.79618835449219 161.93231201171875 0.23354610800743103 0.0040226951241493225

8 7336454772949219 77.39350128173828 373 8081970214844 0.5321822762489319 0.00451655342951417

9 7678135681152344 809675521850586 275 7356872558594 0 2782277464866638 0.0033512823283672333

10 72.97279357910156 68.73517608642578 145 00567626953125 0.16579772531986237 0.003297748975455761

1 74.41033172607422 56574005126953125 175 24049377441 406 0.22254039347171783 0.002899999963119626

12 7839697265625 53 87538146972656 339 8034973144531 0.4850850999355316 0.0031999999191612005

13 74.33442687988281 65.46903991699219 286 2950744628906 0.37900033593177795 0.0031128195114433765

14 72.05540466308594 55.60914611816406 351.4952697753306 0.5105334520339966 0.0042233215644955635

15 73.31022644042969 74.39927673339844 244.5858917236328 0.4140309691429138 0.0038829254917800426

16 75.06731414794822 134.16688537597656 367.80361 93847656 1.7096967697143555 0.007278836332261562

17 76.22704315185547 52.58096220825195 315.5609436035156 0.9283724427223206 0.006459090858697891

18 74.06832122802734 31.490642547607422 327.1511535644531 0.5555193424224854 0.004235060885548592

19 77.5980224509375 30.139673233032227 410.5357360839844 0.7772778272628784 0.004872663412243128

20 91.36913299560547 53.438323974609375 464.8539123535156 0.9884156584739685 0.004750201944261789

21 68.86134338378906 89.42095236083984 519.9947509765625 1.30210542678833 0.0033581226598471403

22 73.05651092529297 110.9723892211914 493.8547668457031 1.397595763206482 0.0038583287969231606

23 92.98723602294922 114.48424530029297 225.85214233398438 0.4337403476238251 0.0034758427645011114

X
Figure 5: Data analysis window.
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Data analysis window

This interface allows the user to view all rows of the previewed
data. The Analysis menu has built-in EDA functions that allow the
user to explore the dataset, find trends, and know the relationships
between the data fields. The user can also clean the data and save
the cleaned dataset in the working directory. Figure 6 shows a
distribution and correlation plot for selected columns of the mill
dataset. The Models menu contains built-in ML algorithms for
building linear models (linear, lasso, and ridge regression), Neural
Network (NN) models, and Random Forest (RF) models. In building
an RF regression model, as shown in Figure 7, the program asks
the user for the model’s input and output features. The user can
choose to use the default parameters provided by the program

or change them. Clicking the Run button will execute the model’s
algorithm based on the user’s selections, and the “Model Report”
window pops up after building the model, as shown in Figure 8.
The Model Report window gives all the critical details about the
model. The window title shows the type of model (in this case,
Random Forest Regressor). From Figure 8, the first scatter plot
shows the correlation between the observed and residual values.
The histogram plot of the residuals shows how the model errors
are distributed. The “True vs. Predicted” plot shows the correlation
between the true and predicted values. The proportion of variance
explained by the model (RSQ) and the model performance metric
(root mean square error - RMSE) are also shown in the Model
Report window.
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Figure 6: Plotting distribution and correlation plots in UteAnalytics.
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Conclusion relational datasets, perform exploratory data analysis and build

A desktop application, Ute Analytics, is being developed to
enable data analytics and ML accessible to mining personnel and
data enthusiast without ML knowledge or programming skills.
The app offers a user-friendly GUI that could allow users to import

ML models. These features and functionalities of Ute Analytics-
some of which have been demonstrated-show that people without
programming knowledge can benefit from data analytics without
the need to write computer codes.
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