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Abstract 
 This eighth quarterly technical report discusses the progress made on a machine 
vision technique for determining coal content and preparations for Year-3 system 
deployment. Classification maps for coal have been generated and shown to two coal-
mining executives. An application for licensing high-speed hyperspectral data analysis 
software from the Naval Research Laboratory (NRL) has been made. Both Western 
Energy and Stillwater Mining Company have offered platforms for Year-3 deployment. 
Barretts Minerals has expressed renewed interest in using Resonon’s machine vision 
system for identifying dolomite in their talc ore and have agreed to provide samples to 
the Montana Tech team.  



 2

Table of Contents 
Introduction……………………………………………………………………….…...2 
Experimental Apparatus (Experimental)………………………………………….…...3 
Experimental and Operating Data…………………………………………………..…3 
Data Reduction (Results and Discussion)……………………………………………..4 
Hypothesis and Conclusions (Conclusions)………………………………………..….4 
 
1. Introduction. 
 This reporting period was devoted primarily to additional coal analysis and 
preparing for Year-3. Additionally, a license for the Naval Research Laboratory’s high-
speed hyperspectral imaging software, ORASIS, has been applied for. Presentations were 
made to two coal executives and discussions with personnel at Stillwater Mining 
Company and Barretts Minerals have been fruitful. To provide additional time for the 
Year-3 deployment effort, a no-cost extension has been applied for and granted. 
 As noted in the previous report, the machine vision system based on imaging 
spectroscopy has worked well, but there was no clear avenue for commercialization. 
Work done this quarter has attacked this problem and has established clear pathways for 
Year-3 deployment that will greatly enhance the commercial appeal for Resonon’s 
machine vision system. In particular, both Western Energy and Stillwater Mining have 
agreed to provide platforms for system deployment. The Stillwater platform appears to be 
the better alternative. 
 The overall approach will be to finalize arrangements for Year-3 deployment, 
including obtaining matching funds. Additionally, work at the Montana Tech remote 
sensing laboratory will continue for system support and to find new applications.  
 The technical portion of the report below is organized into subsections as dictated 
by the DoE contract for this effort. These sections are: Experimental Apparatus, 
Experimental and Operating Data, Data Reduction, and Hypothesis and Conclusions. 
Partners in this effort are: Montana Tech of the University of Montana, Stillwater Mining 
Co., Western Energy Company A Westmoreland Mining Company, and the Montana 
Board of Research and Commercialization. Additional contributions have come from 
TIMET, Inc., Barrett’s Minerals Inc., and MSU TechLink. The Naval Research 
Laboratory has also provided assistance via a Cooperative Research and Development 
Agreement (CRADA).  
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EXPERIMENTAL 
 
2. Experimental Apparatus. 
 The apparatus for this effort has advanced considerably during this effort. 
Initially, data was taken with an imaging spectrometer that was designed for RC aircraft, 
and three computers were required to collect the data, scan the sample, and organize the 
data into a datacube. Approximately 20 minutes were required per scan. The current 
system, shown in Figure 1, has an integrated scanning system, a greatly improved 
computer interface, and data is scanned and organized in approximately 1 minute. This 
increase in performance has greatly improved data collection and enabled more time to 
be devoted to classifying materials rather than dealing with the hardware. 

 
Figure 1. Resonon’s machine vision system with an integrated scanning system.  
 
3. Experimental and Operating Data. 
 The output from the imaging spectrometer is a datacube. Data analysis is required 
interpret the datacube to find features of interest. One of the most common and easy to 
interpret outputs from the data processing is a classification map that false colors objects 
with different spectral characteristics into distinctly different colors (unlike the nearly 
identical colors of the original material.) Previous examples of this have been shown in 
earlier reports. Our most recent work has been devoted to coal analysis, and a 
classification map for a badly contaminated piece of coal is shown in Figure 2, along with 
an image of the sample as it would appear to a human eye. 
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Figure 2. Image of a contaminated piece of coal (left) and a false color classification map 
(right) of the same sample. The green and brown indicates pyrite, the pink and maroon 
indicate regions with shale and pyrite, and the aqua and yellow indicate regions of good 
coal. Some of the background regions are classified improperly. Using a different 
background material can eliminate this artifact. 
 
RESULTS AND DISCUSSION 
 
4. Data Reduction. 
 The right image in Figure 2 shows the reduced data for coal classification. From 
these maps, quantitative coverage of impurities in the coal can be provided, which can be 
used to make sorting/blending decisions.  

With these results, team members Drs. Moon and Swanson made presentations to 
two coal-mining executives that were very well received. As a consequence of one of 
these meetings, Western Energy offered to provide a platform over their coal conveyor 
belt to monitor their coal stream for ash content. 
 
CONCLUSION 
 
5. Hypothesis and Conclusions. 
 In the previous report, we noted that the next big step for the machine vision 
system is to take the technology from the laboratory to an industrial environment, and the 
key to this was to obtain an appropriate platform. Our efforts this past quarter were 
largely devoted to preparing presentations and discussing the technology with mining 
companies to obtain this platform. These meetings and discussions have resulted in 
renewed interest in our technology from Barretts Minerals for their talc production and 
offers for platforms from Western Energy and Stillwater Mining Company.  
 The Western Energy platform would be over a conveyor belt carrying a coal 
stream to power plants in Colstrip, Montana. This conveyor belt is situated immediately 
across a road from administrative buildings that could house a computer for data 
collection and analysis. Western Energy currently monitors the ash content (associated 
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with shale in the coal) by two techniques. Therefore, measurements of the shale in the 
coal by Resonon’s machine vision system could be compared to those from two existing 
measurement techniques. 
 The platform at the Stillwater mine in south-central Montana would be in their 
core room, where core samples are routinely analyzed for platinum/palladium (Pt/Pd) 
content. As noted earlier, Pt/Pd content is correlated with “pathfinder” sulfides within the 
ore that can be measured with the machine vision system. Although still in an industrial 
atmosphere, the system would be in a somewhat more protected environment at the 
Stillwater mine than at Western Energy, which may be a better first step to industrial 
environments. Additionally, the end use at the Stillwater mine would dovetail better with 
a new SBIR Resonon has received related to this technology. 
 During the next quarter, an application to the Montana Board or Research and 
Commercialization Technology (MBRCT) will be made for matching funds for Year-3 
deployment. Additional matching is already in place from Montana Tech and will soon 
be in place from Stillwater Mining Company and/or Western Energy. Arrangements will 
be finalized with Stillwater Mining and/or Western Energy for system deployment and 
matching during the next quarter. The decisions on deployment will be made with team 
members from Montana Tech, and will be based on technical feasibility, long-term 
commercialization, and funding needs.  
 Other events that will be done in the next quarter include follow-ups with Barretts 
Minerals, who are interested in using Resonon’s machine vision system to develop a 
sorter to remove dolomite from their talc ore. Resonon will also continue with its 
application for a license for the Naval Research Laboratory’s (NRL) ORASIS data 
analysis software. There has been major turnover in the personnel esponsible for this 
licensing at NRL, which will lead to some delay. 


