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CSIR Mandate

“The objects of the CSIR are, through directed and particularly multidisciplinary
research and technological innovation, to foster, in the national interest and in
fields which in its opinion should receive preference, industrial and scientific
development, either by itself or in co-operation with principals from the private or
public sectors, and thereby to contribute to the improvement of the quality of life
of the people of the Republic, and to perform any other functions that may be

assigned to the CSIR by or under this Act.”

(Scientific Research Council Act, 1988 (Act 46 of 1988, amended by Act 27 of 2014)




CSIR at a glance
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Delivering Innovations through Collaborations and Parentships
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Strategic

Approached by the Minerals
Council South Africa to assist
CAS system Productivity,
Localization and achieving
Zero Harm.

TMM Digital Twin: Inception

Tactical

In collaboration with OEMs
and Mining Houses
conceptualized, designed and
developed a dynamic risk
profiling tool — TMM Digital
Twin.

Functional

Successful operational pilot at
a large coal mine — assessed
TMP risks and highlighted
high potential incidents

Commercialization partner



The TMM Digital Twin platform : Strategic Objective

To provide mining houses with a tool to assist with risk profiling and productivity
that takes an objective approach to assessment based on the Mine Health and
Safety regulations (Act no. 29 of 1996 — clause 8.10)
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TMM Digital Twin: Digital Components

VEHICLE DATA

GPS Logs
CPS data
Driver IDs

TRAFFIC MANAGEMENT
PLAN (TMP)

Leading Safety Practices

[Digitalization }

OPERATIONAL PRACTICES

TMP Compliance
Driver performance
Reporting

TMM Digital Twin CORE

Data Analytics and processing



TMM Digital Twin: Problem Space

Reactive Intervention

£

Traffic Traffic
Management Plan Management Plan
EVENT INCIDENT
MONITORING RESPONSE

Traffic Traffic
Management Plan Management Plan
CREATION IMPLEMENTATION

Qualitative/Subjective Risk Assessment

Historic Data & Operational Experience



Intervention controls: Level 1 — Level 9

Level 1: Site Requirements
Level 2: Segregation Controls
Level 3: Operating Procedures
Level 4: Authority to Operate

Level 5: Fitness to Operate

Level 6: Operating Compliance

Level 7: Operator Awareness

Level 8: Advisory Controls

Level 9: Intervention Controls
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Work Area Controls for all
equipment that could reduce
“Significant Risk” and
costs

'TMM Digital Twin |

“Residual Risk”
Management
(CPS)

° EMESRT (Earth Moving Equipment Safety Round Table) framework



Data Flow Process : Full cycle

Data.AnaIy’fics Data Postprocessing Outputs Display
and Simulations and Data Export

Data Import Data Preprocessing
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Primary analysis types Harsh driving
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Blast zone keep out

TMP non-conformance

Reversing

Vehicle interactions

Follow distance




Additional analysis types

Vehicle Movement

Vehicle Average Braking

Vehicle Average Speed




TMP Tool: Configure, update, revise TMP




TMP Tool: Configure, update, revise TMP




Analysis Manager: List of all analyses created




Analysis generation: Configure scope of analysis

Select site to evaluate as well as
TMP and specific vehicles Select specific or all vehicles

|
|
Define date range !
to evaluate :

Analyses types to run on the
data




EMESRT Level 1 - 6: Vehicle Interaction Events

Level 1: Site Requirements
: Vehicle Interaction
Level 2: Segregation Controls -
Events

Level 3: Operating Procedures




EMESRT Level 1 - 6 : Conformance/Non-Conformance

Level 1: Site Requirements

: Vehicle Interaction
Level 2: Segregation Controls
Events
Level 3: Operating Procedures

Level 4: Authority to Operate

Level 5: Fitness to Operate » Conformance /
Non-Conformance

Level 6: Operating Compliance




Vehicle Interaction Events: Heatmaps

Inference of Vehicle Interaction Events using only the GPS data GPS Data

Vehicle
Interaction Events
A

Interactions

A - High Number
B B TMM

@ Simulated Heatmap
(Detection Radius 5m)

Simulated Heatmap '.'
(Detection Radius 10m) Low Number
TMM Interactions



Non-Conformance Events: Visualise detections

Conformance Events using only the GPS data
Conformance /
Non-Conformance







Reporting: Configurable outputs and analyses to display




Reporting: Configurable outputs and analyses to display
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Reporting: Configurable outputs and analyses to display

Show / hide
Analyses types




Reporting: Configurable outputs and analyses to display




Reporting: Configurable outputs and analyses to display




Site Reporting: Summary and details of violations




Reporting: Configurable outputs and analyses to display




Operator Performance: Module Gamified Training tool

nnnnnnnnnnn

Management &
Driver visibilit

Site
Performance
[

Show Performance scores Identify potential issues
» Most recent » Training
» Historic data » TMP issues

» See scores relative to other drivers » Missing damaged infrastructure




Report review: Dynamic Risk Assessment

RQ Update TMP by means
of the TMM Digital Twin

= Cloud Based Interface

Traffic Management

Plan (TMP) Update

Qualitative Analysis

Impact / Severity

. . 4
e liatmg : Real-World Data:
2 3 4 oq& é Vehicle Logs
1 2 3 Analysis results

Risk Assessment Table

Quantitative Analysis

Update Risk Rating

Analyse the key events to

TMM Digital Twi i isk rati
igital Twin determine the risk ratings

Data Analytics




Summary - CSIR TMM Digital Twin Services
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( TMP Compliance \

Analysis

N

Speed limit violations
Stop signs violations
Berm violations
Exclusion zone
violations

Blast and unloading
zone violations
Follow distance

Reversing

GD 0 O0oo0oo

ﬂrofiling and Trackinh
[

Vehicle movement
Average speed
Average braking
Driver performance
scores

Harsh Driving

On-premise or Cloud-based platform — User interface, Configure TMP and Analysis

/Vehicle Interaction\

Analysis

O Vehicle-to-vehicle
interaction events

0 Software based —
without level 7 — 9
equipment
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Reporting — dashboard and download reports

£

[ ] Configurable template

[ ] Dynamic filtering

[ ] Combine analyses
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Roadmap: Future of the platform

Start

* |nitial Version
* Pilot site
implementation

Safety Module

Analytics that
improve the
traffic
management
plan (TMP) and
risk
guantification.

Operator
performance
Module

Individual
operator
performance
analytics

Best operator in
seat.

Secondary
Vehicle
productivity
module

Analytics for
increasing
operational
efficiency of
secondary
vehicles

Sustainability
Module

Analyse and
model resource
use and pathway
to alternative
energy



Commercialisation: Industry partnership
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Hardware/Software Insights and Enhanced Value
Integration visualisation Proposition
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