
 

D E T A I L E D  C H A L L E N G E  I N F O R M A T I O N  

Challenge 2 - Mining and Industrial 

Devices that sense, sort and inspect on a Western Australian mine site 

Launch night Tuesday 25 August 2026, 5:00 – 7:00 pm 

Workshops 4, 11 and 15 September 2026 

Venue Innovation Central Perth, Curtin University, Bentley Campus WA 6102 

Registrations close Sunday 23 August 2026 

Challenge Statement 

How might we better sense what is happening on a mine site - inside a machine, on a 

conveyor, or out in the pit - using a device cheap enough to deploy in hundreds, and 

rugged enough to survive the Pilbara? 

Western Australia's resources sector sold $226 billion of minerals and petroleum in 2025 and supported more 

than 136,000 full-time equivalent on-site mining jobs. Iron ore alone accounted for $126 billion, with export 

volumes reaching an all-time high of 889 million dry metric tonnes. This is an industry operating at enormous 

scale, in heat, dust and vibration, often hundreds of kilometres from the nearest technician. 

Scale is exactly what makes this challenge interesting. A mine site does not need one very clever sensor. It needs 

a thousand cheap ones that keep working when nobody is looking at them - on every idler along a conveyor, on 

every gearbox, on every pump. That economic constraint is what makes a twenty-dollar microcontroller a serious 

proposition rather than a toy. 

The three sub-challenges 

2A. Listen to the Machine - hearing a fault developing in equipment before it fails. 

2B. The Ore Sorter - telling ore from waste early, so energy is not spent grinding rock. 

2C. The Pit Inspection Rover - sending a device where sending a person is slow, costly or unsafe.  

Choose one.  You are judged against the sub-challenge you pick, not against the other two. Challenge 2 sits in 

the same open prize pool as the assistive technology challenge, so a well-executed simple idea beats an 

ambitious idea that does not work on the night. 

  



What good looks like in this domain 

Mining rewards a very particular kind of engineering, and it is not the kind that wins most hackathons. The judges 

will be looking for evidence that you understood the operating environment rather than the demo environment:  

 Cost per unit, multiplied by the number of units a site would actually need.  

 What happens at 50°C, under constant vibration, coated in iron ore dust.  

 Power. If it needs mains power or a weekly battery change, it will not be deployed.  

 Connectivity. Much of the Pilbara has no reliable network. What does your device do offline, and what does 

it send when it finally gets a link? 

 False alarms. A sensor that cries wolf gets unplugged within a fortnight. What is your confidence threshold, 

and who decides it? 

 Installation. If fitting it requires a shutdown, a crane or a licensed electrician, that is part of the cost. 

  



2A. Listen to the Machine 

How might we better hear a fault developing inside a machine - a bearing, a gearbox, a pump, a 

conveyor idler - early enough to fix it in a planned window rather than mid-shift? 

Potential focus questions 

You may find it useful to consider the following as you build your prototype:  

 What does a healthy machine sound like, and how do you learn that without ever being shown a broken 

one? 

 Sound, or vibration, or both? Which survives better in a noisy plant where forty machines run at once? 

 How do you separate your machine from its neighbour three metres away?  

 Does the device decide, or does it stream data somewhere that decides? What changes if there is no 

network? 

 How would this attach to a machine that cannot be stopped, and stay attached through vibration? 

 How long must it run on a battery to be worth installing at all? 

 What does the maintenance planner actually receive - a number, a light, an alert, a work order? 

 What happens the first time it is wrong, and how do you earn back the trust? 

Critical concepts 

Rotating equipment rarely fails without warning. Bearing wear, gear tooth damage, cavitation and misalignment 

each produce characteristic changes in vibration and acoustic signature, often well before a human notices 

anything. The signal is usually present in the data long before anybody acts on it - which means the hard problem 

is not detection in a laboratory, but detection cheaply, continuously, and at scale.  

Scale is the real constraint. A single overland conveyor can run for kilometres and carry many thousands of idlers, 

which is far too many to hand-inspect on any useful cycle. Instrumenting that with industrial condition-

monitoring hardware is prohibitively expensive; instrumenting it with twenty-dollar microcontrollers is not. That 

gap is where your prototype lives. 

A note on the numbers you will find: published figures for the cost of unplanned mining downtime range from 

around a thousand dollars an hour to well over a hundred thousand, depending on the asset and who is selling 

the analysis. Do not build your pitch on a single dramatic number. Build it on the argument that early warning 

converts an emergency repair into a scheduled one, and say plainly which asset you are talking about. 

Anomaly detection is usually the right framing here rather than fault classification. You will have plenty of 

examples of normal operation and almost none of failure, so a model that learns what normal sounds like and 

flags departures from it is both more honest and more achievable in four weeks. 

Talk to your mentors about 

 What actually gets monitored today, how often, and by whom.  

 Where the routine inspection rounds are, and which assets never get visited.  

 How a maintenance planner decides to pull a machine out of service. 

 Why previous condition-monitoring rollouts succeeded or quietly died. 

Suggested hardware and AI approaches 

Sensing: the XIAO ESP32S3 Sense has an onboard digital microphone, which is the fastest path to a working 

prototype. From the shared pool, add an IMU or accelerometer for vibration, a piezo element for structure-borne 

sound, and a temperature sensor - heat is often the confirming signal. 

Signal processing: an FFT on the device turns raw audio or vibration into a frequency spectrum, which is where 

bearing and gear faults show themselves. Doing this on the ESP32 rather than streaming raw audio is what makes 

the device deployable. 



AI options: train an anomaly detector on your own recordings of a healthy machine (Edge Impulse handles this 

well and deploys to the ESP32); a small autoencoder or one-class classifier flagging reconstruction error; a 

language model to turn a stream of anomaly scores into a plain-English maintenance note. 

Where to find a test machine: you do not need a haul truck. A bench fan, a drill, a 3D printer, a pump or a 

skateboard bearing on a motor all degrade in ways you can induce deliberately - loosen a mount, add an 

imbalance, remove lubrication. A well-documented induced fault is more convincing than a simulated one.  

Fabrication: 3D printing at Innovation Central Perth for a magnetic or clamp mount that couples the sensor firmly 

to the machine. Coupling quality matters more than sensor quality.  

Potential solution pathways 

You are free to resolve this challenge however you like. Our mentors and organising team consider the following 

viable: 

 A clamp-on node that learns a machine's normal signature over its first day, then reports departures from it.  

 A conveyor idler monitor designed to be cheap enough to fit hundreds, reporting only by exception. 

 A handheld device a technician walks the plant with, giving an instant verdict per machine.  

 A device that logs locally for weeks and uploads in a burst when a vehicle carrying a gateway drives past.  

 A dashboard that ranks a fleet by how far each machine has drifted from its own baseline, rather than 

against a fixed threshold. 

 A pump cavitation detector - a narrow, well-defined problem with a distinctive acoustic signature. 

  



2B. The Ore Sorter 

How might we better tell valuable ore from waste rock early in the process, so that energy, water 

and haulage are not spent on material that was never going to pay?  

Potential focus questions 

You may find it useful to consider the following as you build your prototype:  

 What property are you actually sensing - colour, texture, density, reflectance, magnetic response, something 

else? 

 How fast does the decision need to be if the material is moving past on a belt?  

 What is the cost of each kind of mistake? Sending ore to waste is not the same as sending waste to the mill. 

 Does the device sort individual rocks, or divert a whole parcel of material? 

 How does it handle wet, dusty or coated rock that looks nothing like your clean training samples?  

 What is the actuator? Deciding is easy; physically moving rock is not. 

 How would this be recalibrated when the mine moves into a different orebody? 

 Could the same device work as a grade-control aid rather than a sorter - measuring rather than separating? 

Critical concepts 

Crushing and grinding is the single largest energy consumer on a mine site. Estimates vary by source and method, 

but it is commonly put at roughly a quarter to a half of a site's energy use. Every tonne of barren rock that 

reaches the mill is that energy spent for nothing. 

Sensor-based sorting addresses this by rejecting waste before it is ground. Because it removes mass early, it 

reduces energy, water and reagent consumption downstream, cuts tailings volume, and can make a lower cut-off 

grade economic - which extends mine life and can bring old low-grade stockpiles back into play. Commercial 

systems use X-ray transmission, optical sensors, and bulk techniques such as prompt gamma neutron activation 

analysis. 

Two honest cautions for your pitch. First, industrial sorters are mature technology from serious vendors; you are 

not going to beat them in four weeks, and you should not claim to. What you can do is demonstrate the principle 

cheaply, or find an application the expensive systems do not serve - a small operation, an exploration context, a 

stockpile assessment, a training aid. Second, the sensing is usually the easy half. Ejecting a rock reliably at speed 

is a mechanical problem that has defeated better-funded teams than yours, so scope your demonstration 

accordingly. 

A camera and a small classifier can distinguish rock types surprisingly well under controlled lighting. Controlled 

lighting is doing a great deal of work in that sentence, and how you handle that is a legitimate part of the 

challenge. 

Talk to your mentors about 

 How grade control is done today, and at what spatial resolution.  

 What a false positive and a false negative each cost in real terms.  

 Where in the flowsheet a sorting decision could realistically sit. 

 Why sorting has and has not been adopted on WA operations. 

Suggested hardware and AI approaches 

Sensing: the XIAO ESP32S3 Sense onboard camera is the obvious starting point. From the shared pool, consider a 

colour sensor, an infrared reflectance sensor, a hall-effect or inductive sensor for magnetic response, a load cell 

for density-by-weight, and controlled LED illumination - including deliberately non-white light, which often 

separates minerals better than a camera does. 



A strong cheap trick: measuring the same rock two ways - volume from the camera, mass from a load cell - gives 

you density, which is a genuinely informative property and needs no machine learning at all.  

AI options: a small image classifier trained on your own labelled rock samples (Edge Impulse or TensorFlow Lite 

Micro); a vision-capable model such as Claude or GPT-4o via the API credits WADSIH provides, useful for rapid 

prototyping and for generating labelled training data; classical computer vision on colour histograms and texture, 

which is fast, explainable and often sufficient. 

Actuation: a servo-driven flipper gate, a solenoid, or a diverter chute. Keep the belt slow and be honest about the 

speed you are demonstrating at. 

Fabrication: 3D printing at Innovation Central Perth for a chute, a hopper, a light shroud to control illumination, 

and the ejector mechanism. 

Potential solution pathways 

You are free to resolve this challenge however you like. Our mentors and organising team consider the following 

viable: 

 A bench-top belt sorter that separates two visually similar rock types at a demonstrable rate. 

 A density gate combining camera-estimated volume with measured mass, no classifier required.  

 A grade-estimating device that measures and reports rather than sorts - much easier, and arguably more 

useful. 

 A handheld field tool for geologists assessing a stockpile or a core tray. 

 A multi-spectral illumination rig that separates minerals a plain camera cannot.  

 A sorter that reports its own confidence and diverts uncertain material to a third stream for human review.  

  



2C. The Pit Inspection Rover 

How might we better inspect the places on a mine site that are slow, expensive or unsafe for a 

person to reach - and bring back something a person can actually act on?  

Potential focus questions 

You may find it useful to consider the following as you build your prototype: 

 What is it inspecting, and what does a good answer look like when it comes back?  

 Does it need to be autonomous, or is a well-designed teleoperated device more useful and far more 

achievable? 

 How does it know where it is, in a pit where the landscape changes every week and GPS may be the only 

reference? 

 What happens when it loses connection - does it stop, return, or continue? 

 What happens when it gets stuck? Recovering a stranded rover is a real operational cost.  

 Does it need to move at all? A fixed device that watches one thing continuously may beat a rover that visits 

occasionally. 

 Who is responsible for it while it is out there, and how does it stay out of the way of a haul truck?  

 What is the smallest useful version of this that could be trialled next month? 

Critical concepts 

Mining remains one of the more hazardous industries in Australia, and the inspection tasks that put people 

closest to harm tend to be the routine ones: walking a highwall, entering a confined space, checking a stockpile or 

a tailings facility, climbing on stopped equipment. Removing a person from a hazardous location is the highest -

order control available, well above procedures and personal protective equipment.  

WA is already one of the most automated mining jurisdictions in the world, with autonomous haulage operating 

at scale across the Pilbara. That cuts both ways for your pitch: the industry is receptive to robotics, and it is also 

well past being impressed by the fact that a robot moves. The value has to be in what it senses and what it 

reports. 

Be careful about the word autonomy. Full autonomy in an unstructured pit is a research problem, not a four-

week problem. A teleoperated device with good sensing, clear situational feedback and reliable failure behaviour 

is more credible, more demonstrable, and closer to what industry actually deploys today. Nothing stops you 

describing an autonomous roadmap, provided the thing on the bench on demo night works.  

The most common failure in this sub-challenge is building a vehicle and forgetting the payload. Judges will ask 

what it inspects and what it brings back. A slow, ugly rover that returns a genuinely useful measurement beats a 

fast elegant one that returns a video nobody has time to watch. 

Talk to your mentors about 

 Which inspections are done today purely because a regulation requires them, and how long each takes.  

 What is already covered by drones, and where drones do not work - indoors, under structures, in confined 

spaces, in wind. 

 Site access, exclusion zones, and what it takes to get any new device onto an operating site. 

 What a geotechnical engineer or inspector wants to see when they cannot attend in person.  

Suggested hardware and AI approaches 

Platform: the XIAO ESP32S3 Sense drives a small tracked or wheeled chassis comfortably, with 3D printed 

structure. Keep it slow. Speed adds cost, risk and no marks.  



Sensing: onboard camera and microphone, plus time-of-flight or ultrasonic distance sensors for obstacles, an 

IMU for tilt and slope, a gas sensor for confined-space work, temperature and humidity, and a GPS module from 

the pool if you need position. 

Communications: wi-fi for a short-range demonstration, with an honest description of what a real deployment 

would use. Design the behaviour for lost link explicitly - that design decision is worth more to the judges than the 

radio itself. 

AI options: on-device detection of a specific thing you care about - a crack, a spill, a displaced rock, a hot bearing; 

a vision-capable model via WADSIH's API credits to summarise what an inspection run found; audio classification 

for equipment or gas alarms; simple waypoint following rather than full navigation. 

Fabrication: 3D printing at Innovation Central Perth for the chassis, sensor mounts and a protective housing. Dust 

ingress is the thing that will actually kill your device.  

Potential solution pathways 

You are free to resolve this challenge however you like. Our mentors and organising team consider the following 

viable: 

 A teleoperated rover that runs a fixed inspection route and returns a structured report rather than raw 

footage. 

 A confined-space scout that enters ahead of a person and reports atmosphere and obstructions.  

 A crack and movement monitor that is placed once and watches a wall or structure continuously. 

 A conveyor crawler that travels the length of a belt line inspecting idlers - which pairs naturally with 2A. 

 A stockpile survey device that estimates volume from a slow pass.  

 A device that photographs the same asset from the same position every day and flags what changed. 

  



Hardware and technology available to every team 

This is a hardware event, and the platform is deliberately small and cheap. In a mining context that constraint is 

not a limitation but the whole argument: the interesting devices are the ones a site could afford to deploy in 

hundreds. 

Core platform 

 Seeed Studio XIAO ESP32S3 Sense - a thumbnail-sized board with wi-fi and Bluetooth LE, an onboard camera 

and a digital microphone. This is your compute and sensing baseline.  

 Enough processing headroom for on-device FFT and small machine learning models, which is what makes 

edge deployment plausible rather than theoretical. 

Shared component pool 

Rather than identical fixed kits, sensors and actuators are pooled and drawn as your design needs them. Expect 

to find, among others: 

 IMUs and accelerometers, piezo elements, load cells, hall-effect and inductive sensors, time-of-flight and 

ultrasonic distance sensors, temperature, humidity and gas sensors, colour and infrared reflectance sensors, 

GPS modules. 

 Servos, stepper and DC motors, solenoids, relays, speakers and buzzers, LEDs and controllable illumination, 

OLED and e-ink displays, motor drivers and battery packs. 

Fabrication 

 3D printing through Innovation Central Perth, supported by Dan. Book your build slots early - printing is the 

most common cause of a demo-night scramble. 

 For this challenge in particular, mounts, couplings, chutes and dust-resistant housings are where the 

engineering credibility sits. A sensor that is not firmly coupled to the machine measures nothing useful. 

AI models and APIs 

AI is encouraged. It should earn its place in your device rather than be bolted on for the pitch.  

 Hosted model API credits provided by WADSIH, including Anthropic and OpenAI - useful for vision tasks, for 

summarising inspection results, and for rapid prototyping. 

 On-device and edge options: TensorFlow Lite Micro and Edge Impulse for vibration, acoustic and simple 

vision models trained on data you collect yourself. 

 Classical signal processing - FFT, thresholds, statistical process control - is frequently the right answer in this 

domain, and is easier to defend to a maintenance engineer than a neural network.  

 Assume no connectivity. Almost every realistic deployment site for these devices has intermittent network at 

best. 

Supporting mentors and judges 

Mentors are available across the workshops and at demo night. 

What a finished prototype looks like on demo night 

 It works, live, in front of people. A device that does one thing reliably beats a device that does four things in 

a video. 

 You can state the unit cost, and what a hundred of them would cost.  

 You can say what happens when it is wrong, and how often that is. 

 You can describe how it survives dust, heat, vibration and no network - or say honestly which of those you 

have not solved. 

 You can name who on a mine site receives the output, and what they do differently because of it.  

 You can say what you would do next, and what you deliberately chose not to build.  



Working safely with this challenge 

 Do not test on operating industrial equipment, and do not attempt to attach anything to machinery you do 

not own. Use bench equipment, motors, fans and 3D printers as your test assets.  

 Induce faults deliberately and safely on equipment you control. Do not run a machine to destruction indoors, 

and mind pinch points, hot surfaces and flying debris. 

 Anything with a motor, a moving gate or a drive train needs a way to stop it fast. Build that in before your 

first full run, not the night before the demo. 

 Lithium batteries in 3D printed enclosures are a fire risk if crushed, shorted or overcharged. Use protected 

cells and appropriate charging hardware, and ask if you are unsure.  

 If your device records audio or video, say so plainly in your pitch, and be ready to explain where that data 

goes. 

 Do not present your prototype as a safety-critical system. Nothing built in four weeks should be relied on to 

keep a person safe, and claiming otherwise will count against you.  


