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Dr Callen Fisher and Prof Lijjun Zhang ~ Mining

Faculty of Engineering
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Satellite Engineering Ecosystem . (_ Stellenbosch
8 e y — & e

Electronic Systems Laboratory
°  SunSat (ZASAT-001, SO-35) - SumbandilaSat (ZASAT-002, SO-67)

°  Africa’s first satellite «  81kg LEO EO micro-sat, launched 2009, Baikonur Cosmodrome
*  60kg LEO EO micro-sat, launched 1999, Vanderberg AFB

Short Courses Facilities
= Introduction to Satellite Mission Design - \ Groun on 7 . ~Y Ut _ -
» Kalman Filters and Sensor Fusion - Q1 2023 acility )
sansat Leadgrship P::ogram-q4 41 -~ s k) 1. Deployment 2. Commissioning 3. Separation
* Practical System Engineering - TBD -
SU Satellite Engineering | — .
Training
Satellite Program Research 4. Drifting >. Approach 6. Engage

* DockSat ' » Masters and PhDs
* Multi-Spectral + |OT Satellite » Command and Data Handling
* ZAPocketQube * ADCS and Robust Embedded Systems [ | (=]




Unmanned Aerial Vehicles  Stellenbosch | cuuuoue

Damage-Tolerant Flight Control Drones with Cable-Suspended Loads
* Robust flight control for partial wing loss * Robust / adaptive control to
accommodate variable cable length and
cargo mass




Autonomous Ground Vehicles




Legged Robots
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Autonomous inspection
rover for subterranean
—‘environments ...
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Enaex Africa Announces A Strategic Partnership With
Stellenbosch University To Revolutionise Mining Safety Fom Let: dohan Fourie, Frncisco Baudrand,
Through Al And Robotics PSS

* Aim:
*  Upskill students

E n a ex Africa * Develop an autonomous inspection robot

* Improve Al capabilities in mining robotics

Resea rCh Ch a i r i n * Improve safety of underground mines

* Project duration:

mining ro bOtiCS * January 2024 to December 2026

<% Enaex

Africa

Engineering | EyobuNjineli | Ingenieurswese



Prof Lijun Zhang: Robotics Chair to advance safe mining and Stellenbosch

UNIVER SITY

process digitalisation SO

Previous work focus:
Demand side management
Process controls
Industry digitalisation

Collaborated with Exxaro Resources on mining energy
efficiency projects.

Long-term goal: Establish a well-known mining research center
in Africa and the world with high-impact publications, tangible
engineering solutions, and good facilities for human capacity
development.




Trends in the mining
industry in SA

Going deeper and narrower
avoid waste
follow the reef thickness

Very hazardous conditions
ever increasing demand for raw materials

Mapping and inspection:
Labor intensive
Manual process
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Why do we need
inspection and mine
mapping?

Improve the safety of the mine
ENAEX: Humanize mining
Don’t send a human to do a machines job

Avoid mine disasters

Keep humans away from dangerous areas
Extremely hazardous environments
Determine hazardous areas

Accurate maps for disasters management and
robotics



Need to detect: @[ Stellenbosch

Segeing wals

Fall of ground

Collpse Current methods of
inspection and
limitations

* Visual inspection
* Manual measurements
* Remote (static) sensors

* Conventional (manned)
inspection vehicles

* Very manual process
* Time consuming

* Low spatial resolution with fixed
sensors
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QueCreek mine
disaster

N
X \

* July 2002, Pennsylvania

* 9 miners nearly killed

* drilled into an abandoned flooded mine
* Trapped for 77 hours
* Relied on an outdated surveyor’s maps
* Accurate maps can prevent disasters

* Unknowingly drilled within three feet of the long-
abandoned Saxman Mine




Environment challenges: Cluttered ( Stellenbosch
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Our vision

Develop Al capabilities in mining robotics
Form local industry and academic ties

Develop an autonomous inspection robot for
hazardous subterranean environments

Develop Robotic Engineers for mining
applications




End Goal: Develop an Autonomous Rover

Autonomously inspect an area Transmit this information to a “base station”
* Before/after seismic activity (proactive/reactive) * Deploy a mesh network

Predict future events Feed into the mines fibre network

Autonomously map and explore an area Handle conductive ore bodies

Gain a better understanding of geological features

Stope mapping

Terrain classification
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Digital twin and user interface @l Stellenbosch

* Headless mode

* Enables:
* Command line
* Tele-op
* Replaying saved data

0.35 m/s




Full underground simulation with Drone and
usky robot

o ryvizz

Eile Panels Help

:ﬁmmmn ¥ Move Camera |_JSelsce «4s Forus Camera == Measure # 20 Ppse Estimate # 20 Goal Pose 9 Puhlish Point & =

ol
fcamera =
v
3 Status; Ok

Selectable v

Style Flat Squares

Size (m) D.06

Alpha 1

Decay Time o

Position Transformer
Color Transformer

Topic
sensor_msgs/msg/PointCloud? topic to subscribe to.

(%) Time
ROS Time; 174341440915 ROS Elapsed: 195.15 wall Time: 174341440918 wall Elapsed:; |195.15

Resst | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel: Zoom. Shift: More options.
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@
Experimental

31 fps
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Jopt/ros/humble/share/clearpath_viz/rviz/nav2.rviz* - RViz

File Panels Help

[ J [ J
A u t o n o m O u S N aVI gat] o n ¥ Move Camera {iselect Focus Camera == Measure 2D Pose Estimate @ Publish Point " Nav2 Goal

* Full exploration working indoors




Autonomous Exploration
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Stope mapping in real time eenooseh
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Apri 148 1l
Jopt/fros/humble/share/rtabmap_launch/launch/config/rgbd.cviz* - RViz
File Panels Help

Cinteract  ““Move Camera  _JSelect Focus Camera —=Measure - 20 Pose Estimate 2D Goal Pose 9 Publish Point e

Reset Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel: Zoom. Shift: More options.




M&M Lab facilities for efficient mining

SIEMENS
va @ -5 =

C ez
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Digital Twins: Integrating
Humans and Machines for
Industry 4.0

Automation lab: robotic
arms and the digital
twin in operation.



M&M Lab facilities for efficient mining

Underground tune and its monitoring and control research platform

Smart, integrated solutions for underground mining

q StellenbOSCh forward together
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IYUNIVESITHI saam vorentoe

UNIVERSITEIT

Stellenbosch University SIM LAB -\n,(
|

TUNNEL MAIN MENU

Selected Resource:

J/Atmosphere Status
coz: 0.1%
Temp: 24 deg
Flow: 2mfs
Fan: 50%

Admin Controls

WORKERS EQUIPMENT
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M&M Lab facilities for efficient mining @l Stellenbosch

* Research projects for the Mandela Mining Precinct “Real Time Information Management
Systems” program

* SU, CSIR 10T, Esri & M3SH (Canada based) have complimentary skills and interests

* Collaboration supports development of a stope face to Cloud solution for monitoring
and coordinating underground operations

SURVEY POINT;

5 STOPE FAGE HIV
Open Thread Gatewa b,
‘.‘L \
STOF‘E FACE HIVE \

cﬂ

Local interfaces P Esri i

Cloud dashboard STOPE FACE
GIS Dashboard

SU e

Data contextualization, monitoring & control

{

TUNNEL BRANCH

CSIR loT

Stope face comms

Data integration

MINE TUNNEL



M&M Lab facilities for efficient mining

Support research and development of technology for:
* Smart, integrated mining

* Smart, connected, safe mineworkers

(SURVEY POINT]

Open Thread Gatewa
[

). |

STOPE FACE

STOPE FACE HIVE

Industry needs:

) ) GIS Dashboard
* Replicate mine

tunnel and stope .

* Reconfigurable

:

* Vendor agnostic

* Safe

TUNNEL BRANCH

Stellenbosch
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Demonstration use case

Monitoring and coordination
of underground operations
related to a Blasting Activity
business process.

_~ Supports:

* Visibility
* Traceability

* decision support
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Process Cost-
digitalisation effectiveness
Environmental Autonomous
sustainability operation
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Process digitalization, optimization & control @155‘3!5:""““

Real Plant

__4 Actions: schedule,
speed, etc.

Decision supportt

Modeling 1:'> 9 d
= B N

Prediction

Digital Twin

Online Data Cleaning Optimization

Engineering | EyobuNjineli | Ingenieurswese
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Optimized O&M
Less cost

Less manpower

Create a Virtual
replica of the real
plant

Optimize the
plant’s operation

sonke siya phambili
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Process

_Cle:Ssmg Analytics
: - Time series forecasting
- Imputation :
- Alarming
- ML-based process modelling

Modelling

- Mechanistic
Optimisation & Control
- MPC, RL

Visualization
- 3D BIM plant model and data monitoring
- Data visualisation

Digital + Intelligent
« Data analytics

« Decision support

* Real-time control



Process digitalization, optimization & control @l Srelenboseh

Sensor data cleansing

outliers

e]/

'* |

L

M

0 500

Engineering | EyobuNjineli | Ingenieurswese

1000

1500

Samples

2000

2500
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Performance Indicators:
o False negative rate < 2%,

[e]

false alarm rate < 6%,

(¢]

detection delay < 5s,

[e]

accuracy = 90%, and
F1-Score = 90%.

[¢]
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Process digitalization, optimization & control @l Serenbosch | mrseme,

Long-, medium- and short-term time series data forecasting

Current Time: 2024-01-28 14:00:00 Current Time: 2024-01-28 14:00:00

+ iTransformer-past
= GroundTruth-past
GroundTruth

== fTransformer-past
+ GroundTruth-past

- 7500 —e— GroundTruth

—e— iTransformer-short —e— {Transformer-short
—a— iTransformer-middie el 7250 —— —e— (Transformer-middie
—e— iTransformer-long —a— (Transformer-long

7000 F [ 50 0 St BES NN O SR AN e SR Sl SR SR D |
' 14:15 15:15 16:15 17:15

T T T T T T T F T T T T 171
14:15 15:15 16:15 17:15

30 A 12000 A
254
10000 4
204
8000
15
10 )
M:‘:Eﬁﬁl:ﬁ 313332 6000 MAPE-Shart: 3.57%
MAPE-Long: 4.73% MAPE-Middle: 1.04%

MAPE-Lang: 6.20%

2024-01-29 2024-01-30 2024-01-31 2024-02-01 2024-02-02 } ) ! ; ;
2024-01-29 2024-01-30 2024-01-31 2024-02-01 2024-02-02

Influent total nitrogen forecasting Influent fl te f "
nfluent flow rate forecasting
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Process digitalization, optimization & control @l Srelenboseh

Operation optimization and control

01 Sensitivity analysis 02 Parallel computing
Operating conditions clustering Parallelize the process model
Parameter sensitivity analysis Parallelize the optimization algorithm
Support
04 . features
Model predictive control 03 In-house optimization algorithm

MPC for constraint-compliant
proactive control

Combination with reinforcement
learning for real-time application

Swarm intelligence based meta-
heuristic  optimization algorithm
tailored for applications

Engineering | EyobuNjineli | Ingenieurswese
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Process digitalization, optimization & control @?ﬁ?!iﬁﬂb"““

The architecture

Operation optimization & control

3D interface: one-to- Sensor data First principle process ML based model
one mapping imputation models using ASM calibration
S i e 57 W
= — T *9— Drifting Modelling —
e R e e e e ey |
2023/10/7 A s -,;-I:: RJeSUHZ .

4
t T 3
0.0 3.1 6.2 a3
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Wastewater treatment plant aeration optimization for energy/cost savings

Aeration Optimization

...........................
~ .

N,
AY

|

i Experience
i based

i aeration

_____________________________

Digital
twin based
aeration

_____________________________

Depends on
operator skills

Y Utilizes Al

algorithms

21

\ 4

_______________________

Over
aeration
occurs

________________________

zzzz

Precise
aeration

_______________________

I High

)

I

energy |

l costs 'I
N - » Decision support

» Supervised operation

* 10-40% energy savings

I Low

|
|
| enersy |
| costs [

J

\-----



Process digitalization, optimization & control @l

lllustrative example of energy savings achieved through Al aeration optimization.

Dynamic Operational Parameter
Optimization

Optimize operational parameters
based on equipment settings, real-
time data, and process models.

Reduce aeration and chemical dosing
while ensuring effluent quality

Achieve energy savings, cost savings,
and emission reductions.

—_—

h-

m

Flow(m

h=1)

Flow(m?

— Aerationptimized

—— Aerationctyal
Wet season
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Energysaved
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u coproject Preview [NetMode: Standalone] (64-bit/Windows) =rErTx

Digital Twin for Sbek Wu Hui

User login

8 User
admin123

@ Password

. Login
Quit
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-----
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Crushers

Conveyor belts —

Stellenbosch

UNIVERSITY
IYUNIVESITHI
UNIVERSITEIT

forward together
sonke siya phambili
saam voren toe

optimization & control @l
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SPARE
: ; STOCKPILE
90kW VSD

Pumping systems

220kW
Primary
Crusher

Plant Feed
2x90kW

2500 Ton
Silo

i

OAL FEED SUMF | Vm
| \RE-MIX SU
|

MEDIUM

DESLIMING
CYCLONE |

RETURI
MEDIU

DE-WATERING
SCREEN

DMC FEED SUMP

SPLIJTER

NED
M TANK

g

10
SPRAY WATER

MEDIUM RECYCLE CIRCUIT

FINE COAL DMC

5

—

—

DISCARD SILg 13| (14

______

11

SCREW CONVEYOR

2|Qu, puw
DILUTION WATER VALVE

12
lPRODUCT SILg

MAGNETIC
SEPARATOR

| Vcor

y cms C
CORRECTED 4
MEDIUM SUMP) P1
|

Rock winders

<

— Coal washing cyclones
* Ventilation systems

Heavy haul trains
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External Tools

[

i A External
Planning agent: query understanding, task planning —> Knowledge
4 2 i
query Iterative problem-solving workflow . i B HTHML

subproblem 1, subproblem 2. ..., subproblem n

W— Agents [::;:t:\fﬂl ] [:nsrt‘-tretrievai] [GenetrationJ DT real
agen e {02

2 g time data

+ - .- L} *

User i i “i% ::l
Synthesis agent: generate final answer W =
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New chat

how to determine the

\

Session
management

Markdown

display ~

Chat with
RAG or LLM

how to determine the flooding load and size and select suitable pump
accordingly?

-

To determine the flooding load and size a pumping station and select suitable
pumps accordingly, follow these guidelines:

1. Determine Design Capacity:

o The design capacity for all duty pumps should handle rainstorm
runoffs collected inside the polder with a return period of 10 years.

= Stand-by pumps must be available to take over failed duty pumps
automatically.

o Both duty and stand-by pumps should be interchangeable.

2. Consider Pumping Requirements:

o The desirable design freeboard for floodwater storage facilities is 300
mm for a storm with a 10-year return period.

o Formulate combinations of stand-by and duty pumps to maintain the
station's design capacity even during maintenance or mechanical
failure.

= Ensure that the total maximum pumping capacity (duty plus stand-by)
can accommodate a storm with a 50-year return period.

3. Select Pump Type:

o Archimedian screw pump is suitable for large pumping rates at low
head, robust and efficient but massive, noisy, and visually intrusive.

o Gentrifugal pumps are prone to damage due to clogging but are best
for high pumping heads; design carefully to avoid hydraulic problems.

directly

Settings

Exit

\LLM @ rac | |

4. Number of Pumps:

\

J

[~

Stellenbosch
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Source document display

vehicular access 1o the pond shall be provided 1o enable mechanised maintenance at regular
interval.

ie)  Floodwater Storage Tank

A floodwater storage tank is usually an enclosed underground chamber and differs
distinctly from a pond. Adequate ventilation and other necessary provisions for enclosed
arca should be considered. Openings, accesses and heavy duty lifting appliances should be
provided w enable future maintenance. Cat-ladder shall be provided at the side of the access
manhole. In addition, the Noodwater storage tank shall be regularly drained 10 avoid any
waler/contaminants detained inside from becoming sepiic.

14.6 FLOODWATER PUMPING STATION

14.6.1 General Requirements

Floodwater pumping st should be designed to e automatically with
appropriae i el installed in the pump
sump. / e flood storage s pumped to the nearest

main drainage channel outside the polder.

A good appearance is one of the functional requirements of pumping stations. This
is panicularly important for pumping stations located in urban areas posed 10 public
views. For those in village areas, local residents should be consulted as as possible. To
enhance the appearance of pumping stations, cxternal finishes are usually provided for
superstructure sbove ground. The construction cost for finishes together with the future
mai

nance cost should be taken into account in selecting the type of finishes to be used. To
sav fair concrete finishes may be considered for intemnal walls of unmanned pumping
station. However, the floor of pumping station should be painted with anti-skidding coats.
Architectural Services Department should be consulted for their advice on the aesthetic
design of pumping stations.

1462  Design Capacity
The design capacity for all duty pumps shoukd be adequate 1o handle rinstorm

runolfs collected inside the polder with a return period of 10 years. Stand-by pumps must be
available and should be able to automatically take over the failed duty pumps. Both duty

pumps and stand-by pumps should be interchangeable. The standby pumps should be so
designed such that they can al=o be activatesd in case of exceptionally severe rminstorms.

In the determination of the pumping . the fall, deli should
be followed:

(@) The desirable design freeboard for floodwater storage facilities should be 300
mm for a storm with & 10-year retumn period.

(b)  Combinativas of stand-by pumps and duty pumps can be formulated for an
individual village flood protection scheme so that should any of the duty
pumps in the station be inoperable due to routing maintenance or mechanical

(Page 87)
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Any Questions?

Prof J Engelbrecht Dr C van Daalen Prof L Zhang

jengelbr@sun.ac.za cvdaalen@sun.ac.za

Dr C Fisher
cfisher@sun.ac.za

Engineering | EyobuNjineli | Ingenieurswese

Dr JC Schoeman
jcschoeman@sun.ac.za

g'll \ L
Prof H Engelbrecht

Izhang@sun.ac.za  hebrecht@sun.ac.za

Dr W Duckitt
wdduckitt@sun.ac.za
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Dr W Jordaan
wjordaan@sun.ac.za

Dr A Barnard
abarnard@sun.ac.za
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Questions?

Email us: cfisher®sun.ac.za
|zhang@sun.ac.za
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