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Lecture 19: Heat Detection and Monitoring

Welcome to the 19th lecture. Let us talk about heat detection and monitoring. So, this is
the 19th lecture as far as the Sustainable Mining and Geoinformation course is concerned.
So, let us discuss the concepts broadly—how remote sensing is applied for detecting heat
in active mining operations. We will also discuss monitoring machinery, the furnace, and
how to detect underground fires in coal mines. We will also take two case studies to see
how thermal monitoring is applied for mine safety and better equipment efficiency. So,
the purpose of studying heat anomalies or heat detection.

™

CONCEPTS COVERED

+ Remote Sensing Applications For Detecting Heat In Active
Mining Operations

« Monitoring Machinery, Furnaces, and Detecting Underground
Fires in Coal Mines

« Case Study: Thermal Monitoring For Mine Safety and

Equipment Efficiency
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* Heat Detection and Monitoring play a Pivotal Role
in Modern Mining Operations, Addressing Critical
Aspects of Safety, Efficiency and Environmental
Sustainability

Purpose

* The Mining Industry Operates Under Challenging
Rel n Conditions, where High Temperatures can indicate
elevance Potential Risks Such as Machinery Overheating,

Underground Fires, or Inefficient Processes

* By Leveraging Advanced Technologies Such as
Remote Sensing and GIS, Mining Operations Can
Identify and Mitigate Heat-related Issues Promptly

Technological
Integration

So, the purpose, relevance, and technological integration could be like this. The purpose
is that heat detection and monitoring play an important role in modern mining operations,
addressing critical aspects such as safety, efficiency, and environmental sustainability.
Yes, as far as environmental sustainability, the safety of both life and property, and the
efficiency of the mining environment are concerned. So, we need to implement effective
or modern mining operations or management. So, detecting and monitoring heat is also
part of modern mining operations.

The mining industry operates under very difficult and challenging conditions where
temperatures could be high. So, high temperatures can indicate potential risks such as
machinery overheating, underground or subsurface fires, or other inefficiencies that can
arise due to different processes. So, the technological interventions could be by
leveraging advanced technologies such as the geoinformation we are discussing in detail
here. So, these advanced geoinformation techniques help in identifying and mitigating
heat-related issues efficiently and promptly, thereby aiding in advanced or smart mining
operations. The significance of heat monitoring in mining: heat monitoring is integral to
mining for ensuring operational safety, efficiency, and environmental responsibility.



Significance of Heat Monitoring in Mining

7 Heat Monitoring is Integral to Mining for Ensuring Operational Safety, Efficiency, and Env.al Responsibility
7 Unmonitored Heat can Lead to Severe Consequences such as Spontaneous Combustion in Coal Seams, Machinery

Failures, Or Hazardous Working Conditions For Miners

Safety Concerns:
* Preventing Underground Fires Caused by Heat Build-up in Coal Mines
Monitaring Furnace Temperatures to Avoid Explosions or Malfunct

Vi g e
* Reducing Risks of Worker Exposure to Extreme Heat

Operational Efficiency:
* Tracking the Thermal Performance of Critical Machinery Such as Conveyors, Crushers =
and Drilis
Facilitating Predictive Maintenance to Minimize Unplanned Downtimes

Environmental Impact:
. g Heat E i to Reduce E ental Footpri
mpl With Regulatory Standards for Heat and Emissions Managemant

* Ensuring Compliance

So, unmonitored heat can lead to severe consequences if we do not monitor the anomalies
or variations in terms of the heat or the heat content of any environment or system. It
could cumulatively have disastrous consequences such as spontaneous combustion in
coal seams or certain failures of the machinery or hazardous working conditions for the
miners or workers who are working in a mining environment. So, safety concerns, as far
as safety is concerned, are one of the significant aspects in terms of studying or
monitoring the heat in the mining industry. So, safety concerns prevent underground fires
caused by heat buildup in coal mines. So, if we monitor it regularly, it could prevent any
kind of underground fires that can be caused by the accumulation of heat in coal mines
and monitoring the furnace temperature to avoid explosions or malfunctions.

The temperature of the furnace also needs to be monitored regularly to avoid any kind of
explosions, and it also reduces any risks to workers who are exposed to higher
temperatures or extreme heat conditions. The operational efficiency—yes, if we monitor
this, it will lead to efficient performance, or the performance of the machinery such as
conveyors, crosshairs, or drills will be optimal. So, monitoring this thermal performance
at regular time intervals is important. It also facilitates predicting maintenance to
minimize plant downtimes. So, what are the environmental impacts?

The environmental impacts are monitoring heat emissions to reduce environmental
footprints, thereby ensuring compliance with standard rules or regulations for heat and
emission management. So, the significance—I will repeat—the safety concerns address
any kind of operational efficiency or optimization in terms of operational efficiency, and
also it addresses environmental impact criteria as far as rules and regulations are
concerned. So, what are the techniques available as far as heat detection is concerned
from remote sensing platforms? So, remote sensing techniques are vital for detecting and



analyzing heat in mining operations by capturing thermal infrared data. This remote
sensing helps in identifying heat anomalies, any change in the heat content which is
associated with machinery heating, surface mining, or underground fires.

Remote Sensing Techniques for Heat Detection

» Remote Sensing Technologies are Vital for Detecting and Anafyzing Heat in Mining Operations

» By Capturing Thermal Infrared Data, Remote Sensing Tools Help Identify Heat Anomalies

Associated With Machinery, Surface Mining, And Undarground Fires

Thermal Infrared (TIR) Imaging:
*  Utilizes the thermal in rum (514 um) to detect heat

*  Can capture temperature variations, both day and night

*  Applications: Monitoring surface and subsurface heat anomalies, detecting hotspots in coal mines

Sateliite-based Systems:

+  Examples: Landsat 8 (TIRS), MODIS (Terra/Aqua)

+ Provide large scale & of surface changes

+ Advantages: Coverage of remote mining areas and time-secies analysis for heat trends

Drone-based Thermal Monitoring:

+ Equipped with thermal cameras for localized monitoring

+  Benefits: High-resolution imagery, accessibility to complex terrains, real-time data collection
* Applications: Monitoring surface equipment, tracking heat dissipation In spoll heaps

So, as far as remote sensing is concerned, thermal remote sensing or TIR imaging is very
important because it utilizes the thermal infrared spectrum, which ranges between 8 to 14
micrometers, to detect heat. So, that is how thermal infrared imaging can capture
temperature variations, both diurnal day and night, because it is independent of light. So,
diurnal temperature variations can very well be captured using thermal imaging. Rather,
it is advised that nighttime temperatures are free from various other external factors or
disturbances. So, nighttime temperatures are usually preferred for any change or regular
monitoring activities.

The applications include monitoring surface and subsurface heat anomalies and detecting
hot spots in coal mines. So, satellite-based systems, such as those from Landsat 8's
Thermal Infrared Sensor (TIR), which operates in the range of 8 to 14 micrometers, and
thermal sensors in MODIS, both TERA and AQUA, are used. So, satellite-based systems
provide large-scale monitoring of surface temperature changes. The advantages of remote
sensing are that it covers a larger area, particularly in mining, and aids in time-series
analysis for any heat changes, trends in heat content, or heat anomalies. Drone-based
thermal monitoring, as we know, drones or UAVs also offer a different kind of close-
range platform.

So, if we equip these platforms with thermal cameras, they are useful for imaging over
relatively larger areas or mining sites. So, with high resolution. So, in comparison to
satellites, drones or UAVs offer high-resolution images and access to complex terrains.
So, wherever we cannot reach physically, these UAVs can mount a thermal camera. So, it



will provide information about inaccessible terrains and also helps in real-time data
collection.

So, the applications in terms of drone-based thermal monitoring could be monitoring
surface equipment, tracking heat dissipation in spoil heaps. So, somewhere some heaps or
dumps are there. So, how the heat is moving based on the conditions or the criteria or the
environment present there. This kind of real-time monitoring and tracking, as well as
identifying what kind of equipment is present in terms of monitoring and presence or
absence, can be tracked using the drone-based thermal monitoring system. So, let us have
a look at the equation as far as the LST or land surface temperature calculation is
concerned using satellite data.

Land Surface Temperature (LST)

Land Surface Temperature (LST) refers to the temperature of the Earth's surface as measured from
remote sensing satellites. it rep the thermal jon of the surface and s crudial for various
mining-related studies and applications.

Land Surface Temperature (LST)
T
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Where,
LST: Land surface temperature (Kelvin)
A: Wavelength of emitted radiance (for Landsat 8 TIRS Band 10, 4 = 10.8 im)
p=h.c/o: Aconstant (~1.438 x 10? m.K)
Convert Kelvin to Celsius:

LST("C)= LST(K) — 273.15

Land Surface Temperature (LST) is given by,

LST=
1+(X.—B)ln€

where,
LST: Land surface temperature (Kelvin)
A: Wavelength of emitted radiance (for Landsat 8 TIRS Band 10, A = 10.8 um)
p =h.clo: A constant (=1.438 x 102 m.K)
Convert Kelvin to Celsius: LST(°C) = LST(K) — 273.15



So, LST refers to the temperature of the Earth's surface as measured from remote sensing
satellites. It represents the thermal emission of the surface and is crucial for various
mining-related studies and applications. So, LST is represented using this formula before
you, where LST stands for land surface temperature measured in Kelvin, which also has a
conversion. So, you subtract 273.15, which will give you the land surface temperature in
degrees centigrade. So, lambda represents the wavelength of emitted radiance.

So, as far as the Landsat 8-based thermal imaging remote sensing band 10 is concerned,
this lambda is 10.8, which is the mid-value of 10.8 micrometers, the mid-value of that
particular spectral band or bandwidth. So, GIS in heat monitoring enhances analytical and
visualization capabilities of remote sensing data. It integrates thermal data into GIS,
allowing mining operators to better understand spatial heat distribution and its
implications. So, the integration of thermal data with GIS helps in combining the heat
maps from remote sensing with any kind of spatial data layers, such as mine layout,
equipment location, and all those things. It can be combined with the thermal data using
or in the GIS platform, thereby enabling the analysis of temperature variations across
mining sites. So, heat intensity mapping provides a visual representation of surface and
subsurface heat levels. It also helps in the identification of hotspots for targeted
interventions, such as cooling systems or maintenance, and we also do time series
analysis using GIS.

I Gis in Heat Monitoring NN

» GIS Enhance Analytical and Visualization Capabilities of Remote Sensing Data

7 Integrating Thermal data into GIS, Mining Operators Can Better Understand Spatial Heat Distribution & Its Implications |

Integration of Thermal Data with GIS:

+ Combines heat maps from remote sensing with spatial data layers (e.g., mine
layouts, equipment locations)

+ Enables the analysis of temperature variations across mining sites

Heat Intensity Mapping:

+ Visual representation of surface and subsurface heat levels

* Identifies hotspots for targeted interventions, such as cooling systems or
maintenance

Time-Series Analysis:
* Tracks changes in heat levels over time

* Useful for predicting patterns of heat build-up or dissipation, aiding in proactive
management

So, use the time series analysis helps in tracking any kind of changes in the heat content
or the level of heat over time over you can have seasonal, you can have diurnal, you can
have monthly or yearly. So, this helps us tracking or knowing the change of the variation
in heat or the temperature over time scale. So, this is how it is useful for predicting any
kind of pattern of heat buildup or dissipation. So, if we see it or if we know it across time



then we understand the pattern of either heat buildup or heat dissipation. So, that is how it
will help us in in doing any kind of modeling or prediction kind of analysis and that is
why it could be useful for proactive management or proactive mining management.

So, let us see vegetation monitoring as a proxy. Yes, very often vegetation is monitored
that gives us a proxy that is used as a proxy as far as any kind of heat anomaly or
variation in heat is concerned. So, using normal multispectral imaging optical NDVI and
other indices it helps in terms of identifying any kind of fire related vegetation changes.
We can of course, use many fire events like normalized burn ratio and things like that
that gives us indication about any fire related activities or fire related vegetation loss. So,
any kind of vegetation anomalies such as reduced cover or unusual growth patterns can
indicate thermal activity below the surface or beneath the surface.

Vegetation Monitoring as a Geospatial Analysis and
Proxy Indicators

* Multispectral imaging (e.g., NDVI) * Self-heating indices like SHII (Self-
helps identify fire-related vegetation Heating Intensity Index) and ATTI
changes (Average Thermal Topographic Index)

are proposed to quantify thermal
* Vegetation anomalies, such as activity.
reduced cover or unusual growth * Long-term studies using GIS tools,
patterns, can indicate thermal activity such as ArcGIS Pro, and databases like
beneath the surface CORINE Land Cover enable tracking of
thermal activity over decades.

Using geospatial analysis and indicators, yes many indices such as self-heating indices
SHII. So, we call it self heating intensity index and ATTI the average thermal topography
index these are proposed to quantify any kind of thermal activity. So, you take it across
time A minus B or T1 minus T2 you will get an information about any kind of change in
terms of the heat content. So, long term studies using GIS tools such as any kind of GIS
platform and databases helps in tracking thermal activity over time period. The let us
discuss about coal particularly the coal fires the different attributes in terms of causes
detection and impacts as far as the disaster and the thermal or the heat anomaly is
concerned.



Coal Fires: Causes, Detection, and Impact

Coal Fires are a Significant Challenge in Regions Whaere Coal Is Actively Minad, Presenting
Environmental, Health, and Industrial Concerns.

AAcngogbelc Natural Causes
Factors

Mining operations,
including the
mishandling of coal
| and spontaneous
combustion, are
common causes

Lightning strikes, This occurs when coal
adjacent forest fires, reacts with oxygen,
and geological A generating heat that
conditions can also can escalate into a fire
ignite coal seams if conditions aitow

Coal Fires are Reported Worldwide, Particularly in Regions with Extensive Coal Reserves

Notabie Examples Include:
. dia (fharla Coal Field): One of the densest occurrences, where coal fires have persisted for decades
China, the USA, and Germany: Other significant regions affected by coal fires, with notable
environmental and economic repercussions

.....

So, coal fires are a significant challenge in regions where coal is actively mined. That is
how it presents environmental concerns, health concerns, and industrial concerns. So, the
atmospheric factors, natural causes, and spontaneous combustion—these all attribute to
what you say are triggering factors as far as coal fires are concerned. So, the
anthropogenic factors—mining operations, including mishandling of coal and
spontaneous combustion—are common causes. Always, anthropogenic causes—that
include the mishandling of coal—contribute to common causes as far as coal fires are
concerned. The natural causes are important. Natural causes include lightning.

If lightning strikes adjoining forest areas or a forest fire happens, then the geological
conditions around that may ignite the coal fire or the coal seams. And the third reason
could be spontaneous combustion. This occurs when coal reacts with oxygen, generating
heat that can escalate into fire if conditions allow. So, we need to see what the in-house
or ambient conditions are. If these kinds of conditions are present or become suitable,
then immediately the fire or the combustion happens in a spontaneous way. So, coal fires
are reported worldwide, particularly in regions with extensive coal reserves.

So, notable examples include the Jharia coal field mines in Jharkhand, India. It is one of
the densest occurrences where coal fires have persisted for decades. So, we have been
hearing and reading here and there that coal fires in the Jharia coal field are one of the
very important, what you say, disastrous activities, which persist for decades. So, we
need to address them. So, also in the rest of the world—such as China, the US, Japan—
other significant regions are affected by coal fires, with notable environmental and
economic repercussions.

So, please have a look at these two false color composites on the left-hand side: March
30, 1998, Landsat 5 FCC of part of Jharia coal field. And on the right-hand side, it is



April 2nd, Landsat 7 FCC of the same region. So, it can be seen that the brownish-black
areas on the left-hand side—what you call the FCC (false color composite)}—show that
the brownish-black areas are exposed coal, and the surface fires are seen as red dots over
that. So, over the brownish-black areas, which are the exposed coal, you can see the red
dots; those are the surface coal fires. On the right-hand side, the areas previously burned
have been extinguished, and it is now part of the expanding urban area in the Dhanbad
region.

Case Study: ‘
7| Jharia Coal
Field, India

2 08
S

Figure 2: Apeil 2, 2019, Landsat 7 false color composite
of the same part of the Jharia coalfield shown in Fig.
1. Inset A shows an area where mining has expanded,
and many new fires are burning. Inset B shows an
area where previously burning fires have been
extinguished and it is now a part of the expandin,
urban area of Ohanbad

Figure 1: March 30, 1998, Landsat § false color
composite (FCC) of a part of the Jharia coalfield near
the city of Dhanbad, India. The FCC is generated by
displaying bands 7, 5, 4 in red, green, and blue
respectively. Brownith black areas are exposed coal,
and surface fires are seen as red dots

So, compared to 1998, the 2019 change shows that those areas have been extinguished as
far as the coal burn—or coal fire—is concerned, and now some kind of settlement
activity has come up over the same area. This has been reported by Cristobal et al. in
their publication in 2024 this year. So, have a look at the other one: the upper left corner
shows a subsurface coal fire in red color; the fire is ongoing. So, the release of
greenhouse-relevant and toxic gases, land subsidence due to volume loss underground,
vegetation deterioration, crystallization of toxic minerals, and the genesis of
pyrometamorphic rock are only some of the visible consequences of the coal fire activity.
So, these are the visible consequences. What are the techniques?



‘Flgure Subsurface coal fires. The release of

| greenhouse relevant and toxic gasses, land
subsidence due to volume loss underground,
‘vunzﬂon deterioration, crystallization of toxic

| minerals, and the genesis of pyrometamorphic

| rock are only some of the visible consequences
e -

(Kuenzer ot ol 2013)

The techniques for monitoring coal fires include thermal data analysis, high-resolution
optical imaging, greenhouse gas emission studies, and in-situ mapping. As far as thermal
data analysis is concerned, we employ day-and-night thermal differences to isolate any
kind of fire anomaly. So, any change with respect to A minus B in terms of temperature
gives us the temperature anomaly that we relate to fire or any kind of coal-fire-based
activities. And then, the pre-dawn winter imagery enhances detection due to maximum
contrast. Here, this talks about the time—the period where we can have maximum
contrast, which is the pre-dawn period in the winter season.

Techniques for Monitoring Coal Fires

Thermal Data Analysis:

* Employs Day-night Thermal Differences to Isolate Fire Anomalies

* Pre-dawn Winter Imagery Enh. o] ion Due to Maxi: Contrast

High-resolution Optical Imaging:

+ Effective for Identifying Structural Precursors (e.g., Cracks, Fissures) to Fire
Spread

* Mapping Subsidence using Interferometric Techniques is Limited Due to
Sudden, Unpr: ble Ground C

Greenhouse Gas Emission Studies:

« Efforts to Quantify Coal Fire Emissions for Climate Impact and Trading
Schemes Have Faced Challenges In B

In-situ Mapping:

* Handheld Thermal Cameras and Radiometers Provide Localized Data. Their

Observations of Cracks, Vents, and Fissures Support High-resolution Fire

Mapping

Figure: Measuring underground coal fire redsted
temperatires In-situ with hancheld Raytek radiometers

{Kwenzer ot ol,, 2015

Because at that time, we have minimal hindrances as far as the atmosphere is concerned.
So, high-resolution optical imaging is effective for identifying structural precursors such
as cracks and fissures to fire spread. Also, mapping subsidence using interferometric
techniques is limited due to sudden, unpredictable ground collapses. Greenhouse gas
emission (GHG) studies provide efforts to quantify coal fire emissions for climate impact
and trading schemes, but they have faced challenges in baseline establishment. In-situ



mapping, we have other devices such as thermal cameras and radiometers, which provide
localized data.

So, they are useful in observing the cracks, the vents, and the fissures, which is how they
support high-resolution data for fire mapping. So, the thermal anomaly detection looks at
the lower-left depiction, which talks about underground coal fire-induced thermal
anomalies during daytime and nighttime. It is a schematic. So, if there is a fire
underground, the temperature on top or above the surface gives you an anomaly—a
higher temperature. So, the night and daytime difference shows that both times have a
higher temperature, and in general, the same region has fluctuations in nighttime and
daytime temperatures. But, over the coal fire areas, the daytime and nighttime
temperatures are very high.

Thermal Anomaly Detection

Thermal Anomalies Have a Higher Contrast Against the Background in Thermal Nighttime

Data. During the Night the Bedrock Surfaces and Objects in the Landscape Cool Off, and a
Thermal Anomaly can be Picked up Easier than in Daytime Data

1. Threshold Techniques
Defines a temperature threshold above which a pixel is
considered anomalous.

2. Moving Window Approach

Advanced Algorithm (Zhang, 2004):

+ Analyzes sub-regions within a thermal image using a
histogram- based statistical method.

« Dynamically identifies localized anomalies relative to
their surroundings, overcoming the rigidity of
thresholding.

+  Detects subtle with varying temp
intensities and sizes.

Figure: Underground coal fire induced
thermal anomalies during daytime

and nighttime; schematic sketch
(Kwenzer ot al, 2013

So, the thermal anomalies have a higher contrast against the background in nighttime
thermal data. So, during nighttime, the bedrock surface and objects in the landscape cool
off, and a thermal anomaly can be picked up more easily than in daytime data. So, we
really need to use nighttime data to do any detection as far as thermal anomalies are
concerned. And often, we use a threshold technique. So, threshold means beyond this
point, what is the threshold, and above that, we will say that this is definitely a thermal
anomaly.

So, we define this as a temperature threshold above which a pixel can be considered
anomalous. So, those pixels can be branded as anomalous as far as the thermal or
temperature is concerned. So, thermal anomaly pixels are branded. So, another is the
moving window approach. So, advanced algorithms given by Zhang et al. in 2004
analyze sub-regions within a thermal image using histogram-based statistical methods.



So, these identify dynamically localized anomalies relative to their surroundings, thereby
overcoming the rigidity of thresholding. So, it helps in detecting subtle anomalies with
varying temperature intensities and sizes. So, the moving window approach is based on a
kind of histogram-based statistical method to detect the anomaly in comparison to the
surroundings based on a threshold parameter. Now let us take two case studies. The first
one is the application of thermography technique for assessment and monitoring of coal
mine fires with special reference to Jharia coal field, which is located in Jharkhand state
of India.

Case Study: Application of Thermography Technique for Assessment and Monitoring
of Coal Mine Fire: A Special Reference to Jharia Coal Field, Jharkhand, India

Data Sources

+  Groundbased thermography
(ThemaCAN-PES thermal imaging
camera)

* Sateliite imagery (Landsat ETM+
Band 6)

*  GPS deta for site coordinates

M 2 csen Figure: The Satellite image of Maria Coal
Field (JCF) In False Color Componition
with Fire location

Methodology
+ Thermogrephy Technique: Captured erature Comparnon Ground thermography recorded up
thermal and visual images, combined o S18°C, far ite-derived temp {=0°C)
with GPS for precise mapping. *  Advantages of mography Precise, cost-effective, and
*  Data Processing: Used Reporter 8.3 eificiont for eardy fire detection and monitoring
Pro and ERDAS 9.1 to analyze thermal * Impact of Fires: 37 million tons of coal lost; 1860 milsion tons
anomalies and compare sateliite and blocked. Significant safety and environmental hazards
ground messuremants. + Application Potentisl Tharmogrephy integrated with remote
+ Anmalysis. Conducted point, line, and sensing ansbles robust fire management and mitigation
ares assessments to monitor fire strategies
propagation, intensity, and dynamics

(Pandey ot al., 2013)

-----

So, the data sources are ground-based thermography; the ThermaCAM P65 thermal
imaging camera has been used. Satellite imageries, Landsat ETM band 6, and the GNSS
data for site-level coordinates have been used. The methodology, as far as thermography
technique is concerned, captured thermal and visual images combined with the GNSS-
based input for precise mapping because we are integrating the localized or location-
specific information into the data processing. So, the authors Pandey et al. in 2013 used
Reporter 8.3 Pro and ERDAS 9.1 to analyze the thermal anomalies to compare the
satellite and ground-based measurements. So, the analysis was conducted across points,
lines, and areas to assess and monitor fire propagation, intensity, and dynamism.

So, the key findings if you can it can be seen over seen on a on the satellite image which
we say the Jharia coal field mine in terms of a false color composite where the fire
location have been mapped. So, it is it shows the temperature comparisons like ground
thermography recorded up to 518 degree centigrade for exceeding satellite derived
temperature of 70 degree. So, if you have ground based thermography survey it is giving
you very accurate information whereas, in a satellite pixel since it is overall for a pixel of



let us say 250 by 250 meter area or 500 by 500 meter area it gives you a average value.
So, it could be it was little less. So, 70 degree centigrade.

The advantage of thermography gives precise cost effective and efficient for early fire
detection and monitoring whereas, 37 million tons of coal was coal loss could be
identified. And the potential application in terms of thermography integrated with remote
sensing enabled robust fire management and mitigation strategies helps in management
of fire in coal field or coal areas. The second one taken from Raniganj coal field in India
using remote sensing approach. The data particular Landsat 5 TM band 6 with 120 meter
resolution and on the temporal period winter season day time data has been picked for
anomaly detection and it has it was validated with ground truthing using the infrared
thermometer. The methodology follows pre-processing and mapping and validation.

Case Study: Coal-fire Detection and Monitoring in Raniganj Coalfield, India - A
Remote Sensing Approach

srce. Landsat-5 TM Band-6 e
(thermal, 120 m resolution) 8 PR E
*  Temporal: Winter-season daytime € oot
data for bett omaly detection s
slication Ground truthing using S ataad
an infrared thermometer.

Figure: Coal-fire map of Ramnagar open Figure lsothermal map of Ramnagar
[Methodotogy cast cofliery and its surroundings apen cast colliery and its surroundings

Pre-Processing: Conversion of DN to Key Firn S
temperature using Planck’s *  Major coal fires detected in Ramnagar and Jambad open cast
equation manes
| * Mapping: Pseudo-color encoding *  Smaller fires near Dhadka and Dakshinkhanda are less visible
(Gensity slicing) to classidy due to resolution limits
snomalies *  Fire 20nes: Conl fires >30°C, with sevare sones >42.7°C
Validation. Field checks to *  Thermal anomalies correlate with subsurface coal fires
distinguish coal fires from other transmitted through geological features.

(Martha et. ak, 2005)

The key findings which can be seen from the two maps. The first one is the coal fire map
of Ramnagar open cast colliery and its surrounding. And, on the right hand side or upper
right side, you can see the isothermal map of the Ramnagar coal cast cavalry and its
surrounding with a what you say polygons, vector polygons. The key findings, major coal
fires detected in Ramnagar and jambot open cast mines. You can see on on the on the
map.

The smaller fires near few regions are visible are less visible due to the resolution limit
because the TM band 6 gives you 120 meter resolution the pixel size is 120 by 120 meter.
So, because of that it could not be very well visible. The fire zones coal fires more than
30 degree centigrade with severe zones 42.7 degree centigrade could be detected and the
thermal anomalies correlate with the subsurface coal fires transmitted through the
geological features. So, this can be linked to understand the cause the drivers in terms of



the fire or the fire events. These are the references which have been used for this
particular discussion.

» Pandey, J., Kumar, D., Mishra, R.X., Mohalik, N.K., Khalkho, A., & Singh, V.X. (2013). Application of
Th graph h for and of Coal Mine Fire: A Special Reference to Jharia
Coal Field, hand, India. Journal of Remote Sensing and GIS, 2, 138-147,

7 Martha, Tapas & Bhattacharya, A & vinod Kumar, Kumreanchat, (2005). Coal-fire detection and monitoring
in Ranigan| coalfield, Indla-A remote sensing approach, Current sclence. 88, 21-24.

» Worsa-Kozak, M., Gérnlak-Zimroz, ., Strek, A., & Chudy, K. (2024). Remote detection and menitoring of
post-mining heat island, Frontiers in Environmental Science, 12, 1305149,

7 Cristobal, ), Gens, R, & Prakash, A, (2024). Thermal Remote Sensing. In Remote Sensing for
Characterization of Geohazards and Natural Resources (pp. 147-158), Cham: Springer International
Publishing.

» Kuenzer, C, Zhang, 1., Jing, L, Huadong, G., & Dech, $. (2013), Thermal infrared remote sensing of surface

and underground coal fires. In Thermal Infrared Remote Sensing: Sensors, Methods, Applications (pp.

429-451), Dordrecht: Springer Netherlands.
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So, let us conclude with these 6 points. Heat detection and monitoring are critical for
identifying any kind of hazards such as machine overheating or underground coal fires.
And the thermal data using this is helpful in terms of operational efficiency by optimizing
machine performance thereby enabling to say maintenance or minimizing the downtime.
It also helps in monitoring heat emissions because of the heat emissions such as which is
coming because of different greenhouse gases and the remote sensing techniques such as
GIS, GPS and thermal imaging along with IoT provides real time data and the thermal
anomaly helps in operational in deriving or formulating operational strategies. And,
spatio-temporal data analysis and remote sensing ensures timely risk identification
mitigation thereby optimizing the cost factor preventing the any kind of damage or
accidents to life or property.

~ Heat detection and monitoring are critical for identifying hazards such as machinery
overheating and 4 d coal fires, ing safer mining operations
» Lleveraging thermal data enhances operational efficiency by optimizing machinery

performance, enabling predictive maintenance, and minimizing downtime
Monitoring heat emissions helps reduce greenhouse gas emissions, supports compliance

A}

with i lati and minimizes the ical footprint of mining
» Remote sensing technologies, GIS, and thermal imaging provide precise, real-time insights

into thermal anomalies, improving decision-making and operational strategies

Spatiotemporal data analysis and remote sensing ensure timely risk identification and
itigation, pr g costly d. and accid

» The adoption of advanced technologies aligns mining practices with safety, efficiency, and

environmental sustainability, positioning the industry for future-ready growth

Y




So, let us adopt advanced techniques to practice or to do a smart mining or to practice
smart mining that ensure safety efficiency and environmental sustainability for a future
ready growth. Thank you.



