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The Challenge:
Without proper management, methane can reach explosive concentrations in underground coal mines. Detailed concentration
and airflow measurements are necessary to validate computational models used to design ventilation systems but such data is
very difficult to obtain.
The Solution:
A flexible application was developed using NI LabVIEW which allows the design of tests directly applicable to the
conditions found in the galleries of coal mines.
Abstract:
Characterizing the methane concentration in mine galleries presents a number of challenges ranging from the less than ideal
test environment found in mines to the high number of data points required to fully characterize the concentration distribution
as well as the air-flow dynamics. To address the high sample location challenge, an application was developed that allowed
the data collection process to create a composite by reusing a sensor at multiple locations in unique test phases. Sixteen
methanometers and four anemometers were used. Inline analysis validated the data and identified sensor failures early.
Introduction
The challenges and dangers of mining coal have been with us since mankind first learned that a rock can burn. Although
cave-ins and roof collapses are an obvious concern, a more hazardous condition arises from the mining of coal itself. As the
rock face of a long-wall mine is removed, methane gas flows from the newly cut coal (Figure 1). To help understand the
factors that play into managing the methane Data Science Automation developed an application that facilitates the
measurement of methane concentrations in a coal mine and the effect that air-flow plays in preventing hazardous
concentrations.
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Figure 1. Methane Concentrations in Coal Mine

Designing a Test
A new test for a particular gallery geometry starts with a user defined image (bmp, jpg, png) that will serve as a reference
during the design as well as a guide during sensor placement. This can be any image but a representative sketch of the gallery
is shown in Figure 2 illustrating the air-flow “Entry” into the gallery, a large piece of mining equipment (shaded region) as
well as the “Face” from which the coal is being removed. The test designer can scale the image to match the actual
dimensions of the gallery. Once the gallery size is defined, the designer can then add an arbitrary number of “test planes”
which can be one of two types, concentration or flow. These can be located anywhere in the gallery. Positioning of the test
points within the plane can be accomplished by dragging the test point using the scroll bars or by manually keying in the
location. When saved, the test files are named to allow parsing the filename and allowing easy selection based on the test
options.
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Figure 2. Custom Backgrounds, Arbitrary Sensor Placement, and Descriptive Names Ease Test Design
Configuring Hardware
Managing and maintaining a large number of sensors always brings with it challenges to ensure the sensors are calibrated and
functional. Finding out during or after a test that a sensor was not calibrated or functioning properly will often require retesting which results in higher test costs and wasted resources. In the case of testing methane concentrations, there is a two
inch gas main dumping methane into the simulated gallery during the test. To address these needs a robust set of
configuration options were implemented (Figure 3).
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Figure 3. DAQ Configuration Screen Provides a Convenient Interface for Testing and Calibration
DAQ configuration, scaling and testing are supported without having to start a formal test. Scaling is performed “on the fly”
to ease adjustments. Descriptive channel names allow the operators to easily identify the device without concern for the
hardware connections. The ability to save configuration sets will accommodate alternative sensors sets when required.
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Figure 4. Anemometer Configuration Illustrates Air-Flow Vectors in 3D
The anemometers used to measure the air-flow at a variety of locations within the gallery presented a unique set of
challenges. To properly illustrate the operation of the anemometers a 3d graph was used to render the air-flow vector in threedimensional space (Figure 4). The second factor that complicates the use of the anemometer is that the mounting could be
inverted because of the use of ceiling mount instead of a floor mount. Inverting the anemometer negates the flow direction of
one of the axes and exchanges the other two. Each anemometer can be one of three different models so the code had to allow
for multiple models. The variation in model types was addressed using LVOOP and dynamic dispatching.

Figure 5. Plug-in Class Hierarchy
A generic anemometer class provided a common interface to the application with an option to choose from any of the
available children of the anemometer class. The application was written to use the generic anemometer class (Figure 5) and
had now knowledge of any of the child classes. When the application starts it searches the folder where the generic
anemometer class was found for compatible child classes. All compatible children are then cached and used to populate the
model selector ring that identifies the model type of the anemometer that will be used. This approach simplified development
because the application was developed to work with one class and any problems with the child classes can be isolated to only
that child class. New anemometer models were added to the application without any changes to the main application or any
of its sub-VIs.
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Figure 6. Sensor Maps Update Dynamically as Each Location is Specified
Acquiring Data
The work involved in setting up each test phase was simplified by developing a two part user interface (Figure 6) that allows
the operator to indicate the location OF each sensor in the gallery using a drop-down list that identifies all of the available
sensor locations in all of the test planes included in the test design. As each sensor location is specified the map of the gallery
is updated to reflect which locations have data (solid dot), which locations will gather data in the next collection cycle (red
circle) and which locations have no data and will not collect data during the next collection cycle (black cross-hairs). For all
locations configured to collect data, the I/O device assigned to that location is displayed as text to allow verification of the
set-up at a glance. As an added safe-guard, the configuration is verified as each sensor assignment is made. If a conflict is
detected, the offending settings are highlighted to allow the operator to correct the problem before the acquisition takes place.
At the end of each collection phase the map is updated and the operator can continue the collection process for the remaining
locations or optionally analyze the results from the data already acquired.
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Figure 7. 3D Graphs of Methane Concentrations within the Gallery
Result Analysis
In analysis mode a user can view the measurements using a variety of methods. Any of the plane data can be viewed
independently by selecting from a drop down (“Which Plane?”). The data acquired for that plane will then be displayed using
a three-dimensional (3D) graph (Figure 7) where the X and Y scales correspond to the length and width of the gallery
respectively and the Z-Axis is used to plot the concentration at that location within the test plane. The graphs above illustrate
how methane can “pile up” in the corner of the gallery farthest from the in-coming air flow.
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Figure 8. Stacked Concentration Plots Allow Viewing Concentrations at Multiple Elevations
Stacked Concentration Plots
Another method of reviewing the acquired data uses a set of stacked intensity plots (Figure 8). Each plot is derived from the
set of test plane data, one layer for each plane. The concentrations measured at each location in the gallery are rendered using
a color spectrum ranging from yellow for low concentrations to red for high concentrations.

Figure 9. Concentration Stack Viewed from “Inside the Rock Face”
Rotation of the plots (compare Figure 8 and Figure 9) by dragging the graph permits viewing the room concentration from
different angles. As shown above, it is possible to “see” the concentration of methane is high near the rock face and dissipates
quickly near the ceiling but accumulates along the edge of the floor and can accumulate in the corners. Evaluation of the data
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is not limited to viewing color gradients. The cursor (shown in Figures 8 and 9) with red dashed lines and a black dot can be
moved between any of the plots and moved to any of the sample locations to be able to read the exact concentration measured
at that location. Also available but not illustrated are functions that allow the graph to be used as an ActiveX object in
PowerPoint (or any other software that support ActiveX containers) as well as an option to export all acquired data as tab
delimited text.
Conclusion
LabVIEW graphic capabilities enabled development of a user interface that facilitated the design and implementation of
complex tests in a natural form. The flexibility and power of LVOOP permitted development of an application capable of
utilizing devices for which drivers do not yet exist. The Technical Data Management Streaming (TDMS) file format allowed
for the efficient storage and retrieval of the data for further analysis using another National Instruments product called
DIAdem. The 3D graphs available with LabVIEW allow users to “see” an invisible gas and to design ventilation systems that
help save the lives of miners.
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