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AI-Enabled Wireless Surface Mesh Network for Real-Time
Mine Subsidence	Early	Warning

Self-Healing LoRa	Mesh	–	AI-Enabled	Real-Time	Subsidence	Monitoring	for	Underground	Coal	Mines

Solar-powered ESP32 nodes with tilt, vibration, strain & crack sensors span the mine surface.

Self-healing LoRa mesh – routes re-form around any failed node, no single point of failure.

Edge-to-cloud pipeline: LoRa → gateway → MQTT → InfluxDB/PostGIS → live GIS dashboard.

AI engine scores deformation trend to rate subsidence severity before physical failure.

Automated SMS, email & app alerts reach mine safety officers, DGMS and CMPDI directly.

How It	Addresses	the	Problem:

Replaces periodic manual surveys – continuous edge monitoring across the full panel.

Shifts from reactive to predictive – flags abnormal micro-movement before collapse.

Closes the visibility gap – colour-coded risk zones replace a survey report weeks late.

Filters nuisance events – alert needs coherent multi-node drift, not one sensor spike.

Innovation &	Uniqueness:

First self-healing LoRa surface mesh purpose-built for Indian coalfield subsidence.

Hybrid detection – Isolation Forest scored against CIMFR’s Modified Influence Function model.

Works with zero connectivity – GSM SMS + LoRa village siren run off the gateway alone.

~₹2,300/node on commodity hardware, de-licensed 865–867 MHz band – no spectrum fee.

ZeroIQ’s

Prototype: collisioni.tech Jharia Coal Mine
Subsidence

https://collisioni.tech/


TECHNICAL APPROACHZeroIQ’s
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ZeroIQ’s FEASIBILITY AND VIABILITY
FEASIBILITY CHALLENGES & RISKS MITIGATION STRATEGIES

Off-the-shelf hardware. ESP32, MPU6050, SW-420,
HX711, RFM95W — all commodity parts, nothing
fabricated.
No licence, no operator. 865–867 MHz is de-licensed
— no spectrum fee, no telecom contract, no data plan.
Works with zero network. LoRa mesh + gateway SD
buffering — the normal condition across remote
coalfields.
Using established integrated methods. Mesh routing,
Isolation Forest, IDW and the subsidence profile model
are all published work.

Nuisance events look like subsidence. Cattle, blasting
and monsoon runoff can move a node or snap crack
tape.
Coarse sensors, thermal drift. MPU6050 resolves only
tenths of a degree; daily heat swings outrun early
subsidence.
Power budget fights the mesh. Always-on relay nodes
drain a solar cell fastest, right through monsoon weeks.
No field dataset exists currently. No labelled Indian
subsidence telemetry to train the model on, or validate
lead time against.

Corroboration before alarm. One sensor triggers an
inspection, never an evacuation; alert needs 2+ nodes
moving together.
Density over precision. A 24-hr moving-median baseline
removes thermal drift; correlated nodes read the trough’s
shape.
Splitting the node roles. An always-on relay backbone and
duty-cycled leaf nodes run on separate power budgets.
Training on physics, then validating on a rig. Synthetic data
from the subsidence profile model, tested on a sand-tray
rig, re-fit on live telemetry.

Our proposed GIS dashboard



IMPACT AND	BENEFITSZeroIQ’s
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