
Technical Progress Report 

Fourth Quarter 

(July 1, 1995 - September 30, 1995) 

DEVELOPMENT OF A VIDEO-BASED SLURRY SENSOR 
FOR ON-LINE ASH ANALYSIS 

Principal Investigators 

G.T. Adel and G. H. Luttrell 

Department of Mining and Minerals Engineering 
Virginia Polytechnic Institute and State University 

Blacksburg, Virginia 24061 

Contract Number 

DE-FG22-94PC94226 

DOE Project Officer 

Richard B. Read 

United States Department of Energy 
Pittsburgh Energy Technology Center 

Pittsburgh, Pennsylvania 15236-0940 

October 20, 1995 

. P. 0. Box 10940 

p 

“USDOE patent clearance is not required prior to the publication of this document.? . . . - I -  



ABSTRACT 

Automatic control of fine coal cleaning circuits has traditionally been limited by the lack 

of sensors for on-line ash analysis. Although several nuclear-based analyzers are available, 

none have seen widespread acceptance. This is largely due to the fact that nuclear sensors are 

expensive and tend to be inftuenced by changes in seam type and pyrite content. Recently, 

researchers at VPI&SU have developed an optical sensor for phosphate analysis. The sensor 

uses image processing technology to analyze video images of phosphate ore. It is currently 

being used by Texasgulf for off-line analysis of dry flotation concentrates. The primary 

advantages of optical sensors over nuclear sensors are that they are sigrdicantly cheaper, are 

not subject to measurement variations due to changes in high atomic number minerals, are 

inherently safer and require no special radiation permitting. The purpose of this work is to 

apply the knowledge gained in the development of an optical phosphate analyzer to the , 

development of an on-line ash analyzer for fine coal slurries. 

During the past quarter, a study was conducted to determine if monochromatic 

illumination could be used as a means of enhancing the differences observed between coal and 

mineral matter under reflected light. After extensive testing, monochromatic illumination was 

found to provide no advantages over white light. In fact, .white light appeared to provide 

slightly better resolution of ash content. 

Initial testing of the sample presentation system at the plant site indicated that Eoth 

formation in the sample tube was indeed a problem as predicted by Pittston representatives. A 

slight modification in the design of the tube and a modification in the time required to bring the 

slurry level into the focal plane of the camera were found to eliminate the frothing problem. 
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INTRODUCTION 

Automatic control of fine coal cleaning circuits has traditionally been limited by the 

lack of sensors available for on-line ash analysis. Although a number of nuclear-based 

slurry analyzers have been tested, none have received widespread acceptance. This is 

largely due to the fact that nuclear sensors are very expensive for the limited accuracy 

available. They also tend to be influenced by changes in seam type and pyrite content. 

Over the past three years, the principle investigators of this work have developed 

and installed two optical phosphate analyzers at the Texasgulf phosphate operation near 

Aurora, North Carolina. These devices use image processing technology to analyze video 

images of phosphate flotation concentrates and determine the PZOS content and CaOl P205 * .  

ratio. They are currently being used in an off-lime configuration on dry samples. .-. - .. - .  

The primary advantages of optical sensors over nuclear sensors are that they aie 

significantly cheaper (i.e., approximately 10% of the cost), are not subject to measurement 

variations due to changes in high atomic number minerals, are inherently safer and require 

no special radiation permitting. Previous experience has also shown that they are more 

easily understood and accepted by plant operators. 

The purpose of this project is to apply the knowledge gained in the development of 

the optical phosphate analyzer to the development of an on-line sensor for measuring ash 

content in fine coal slurries. Included in this effort is fbndamental research to determine 

the appropriate light source, image processing algorithms and sample presentation scheme 

necessary for coal slurry analysis. The following is a summary of work completed during . 

. A . . . . .- 
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, (. .- ... .I_ . . .. 1 .  - the fourth quarter of this project. - _. . ,.* . 
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PROJECT TASKS 

Task 1 - Proiect Planning 

All project planning activities under Task 1 are now completed. Periodic meetings 

with personnel at Pittston Coal Company are being held to keep them apprised of progress 

on the development of the optical ash analyzer. 

Task 2 - Laboratory Testing 

The purpose of this task is to establish the appropriate software configuration and 

mathematical correlations necessary to determine ash content from image analysis of a 

coal slurry. Included in this effort is the study of the gray-level spectra obtained from 

images of coal slurries containing various ash and solids contents. In addition, a variety of 

methods for illuminating the slurry are being investigated. . .  

During the first three quarters of this project, all equipment and commercial 

software for the PC-based image processing system were purchased, and work was 

initiated on the development of specific software programs for on-line coal analysis and 

neural network pattern recognition. Software development work has continued during the 

fourth quarter; although the bulk of this work has been on hold pending the development 

of the sample presentation system (Task 3). With the sample presentation system largely 

in place, it is expected that much more emphasis will be placed on software development 

- 

during the fifth quarter of this project. - -  

The primary emphasis during the past quarter was on a study carried out by UCR 

Summer Intern, Jerry Lilly, on the use of monochromatic light as a means of enhancing the 

images obtained with the optical analyzer. It was hoped that by filtering out optical noise 
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through the use of monochromatic illumination, a better distinction between ash and coal 

particles could be obtained. 

Initially, a monochromator providing a range of output light from near-infixed to 

near-ultraviolet was employed in this study; however, the intensity of the monochromatic 

light was insufficient to provide an adequate image. As an alternative, several glass flters 

were purchased which covered the wavelength range within the visible spectrum fiom 400 

- 700 nm. Although the filters did not provide a continuous variation in wavelength as did 

the monochromator, they had the advantage that they could be used with the existing 

sample illumination and presentation system. Since the present system utilized a more 

powefil light source than the monochromator, and since the filters had much larger 

bandpasses, ample light was able to pass through the filters and reflect off the slurry 

resulting in much better images. Thus, the present illuminator was modified to allow 

positioning of the filters inside the illuminator housing. Four filters, generating yellow, 

red, blue and green light, were initially tested; however, the illuminator settings required to 

provide sufficient output intensity with the blue and green filters caused cracking due to 

excessive heat. Thus, the majority of this study was confined to the use of the red and 

yellow filters. 

In order to better understand the effects of monochromatic light on reflected grey 

levels, initial tests were carried out using colored dots on a black background. The results li - - e-' -: 

obtained fi-om these tests serve as a good means of illustrating the filtering effects of 

monochromatic light. Figure 1 shows the grey-level histograms obtained fi-om -yellow, - z--. 

orange and green dots illuminated by various forms of reflected light. As shown, underz~ 
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white light, each colored dot produces a peak on the histogram plot. In order from left to 

right, these peaks are generated by the green dot, the orange dot and the yellow dot. 

When the dots are illuminated by yellow light, the yellow dot disappears and the green and 

orange dots remain; although the orange dot tends to become red and the green dot tends 

to become blue as the yellow portion is filtered out. Finally, when the dots are illuminated 

by red light, the orange dot becomes yellow and combines with the yellow dot to yield two 

distinct peaks; the peak representing green and the peak representing yellow. In both 

cases, the use of monochromatic filters was found to eliminate some information, but the 

remaining grey-level peaks were made much more distinct. 

It was hoped that this type of effect could be achieved when using monochromatic 

light to filter images obtained from coal slurry. Unfortunately, the color variations in the 

flotation tailings samples were not as dramatic as the colored dots, and monochromatic 

illumination was unable to achieve the desired effect as shown in Figure 2. As can be 

seen, the grey-level histograms obtained using white light and the narrow-band red light _ -  

are nearly identical. It is possible that a detailed search over the entire spectrum might 

yield some wavelength of monochromatic light that would produce the sltering effect 

illustrated in Figure 1; however, it appears that monochromatic lighting might be more 

applicable for mineral systems that exhibit wide color variations such as copper ores. 

As a final test of the monochromatic illumination system, five slurry samples were 

prepared fiom tailings and feed samples obtained fiom the Middlefork preparation plant. 

The samples each contained 4% solids by weight and had ash contents varying from 38% . - 

. -  . -  - to 72.5%. Each sample was illuminated, in turn, by white, red and yellow light, and the . . 
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resulting mean grey level values were plotted as a function of ash content as shown in 

Figure 3. As shown, although the mean grey levels for each of the light sources are 

different, the curves appear to follow a similar trend. In fact, the white light source 

appears to provide a curve with a slightly steeper slope in the region of interest (i.e., 55 - 
75% ash) for a typical flotation tailings sample. This would tend to indicate that the white 

light source provides a better resolution of ash content than either of the monochromatic 

light sources. 

It is interesting to note that a rough estimate of the slope of the plot obtained using 

the white light source indicates that each increment of mean grey level corresponds to 

approximately 0.5% ash. It should be pointed out, however, that information f?om the 

entire grey-level histogram will be used in the final calibration of the sensor, which should 

improve the resolution substantially over this preliminary work. 

In conclusion, the use of monochromatic light as a means of filtering out optical 

noise and enhancing the distinction between ash and coal does not appear to be a viable 

option. Thus, all further work will focus on the use of standard white light illumination. 

Task 3 - Bench-Scale Testing 

The purpose of this task is to develop a sample presentation system and to test the 

system in conjunction with the image analyzer and software developed under Task 2. A 

major part of this effort is involved with &ding a means of presenting a flowing coal , .. -. - 

slurry in a smooth and consistent manner so that the camera can obtain a clear image for 

analysis. During the first two quarters of this project, two sample presentation systems 

were evaluated; however, neither was capable of providing an adequate image for analysis. 
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A third system, described in the third quarterly report, appears to satisfjr all of the 

requirements for an appropriate sample presentation system, and this system is now being 

fine-tuned prior to calibration of the sensor. 

During the past quarter, the sample presentation system was taken on-site to the 

Middlefork preparation plant along with a video cassette recorder to record the images 

collected by the system. The sample presentation tube was installed in a small sump which 

was periodically filled with column flotation tailings. At the same time, samples were 

collected for later analysis of ash content and percent solids. Pittston representatives 

initially expressed concern that there might be a problem with fioth formation inside the 

sample presentation tube. This was indeed found to be the case. Upon returning to the 

laboratory, the fiothing problem was recreated in order to arrive at a method of preventing 

fioth formation. It was found that by reducing the size of the opening at the end of the 

sample presentation tube, the amountof air entrained with the slurry could be reduced. It 

was also observed that by allowing the slurry to rise into the focal plane of the camera in a 

shorter period of time, an image could be obtained before a foam was able to form. Upon 

making these two minor modifications to the sample presentation system, a subsequent 

visit to the Middlefork preparation plant indicated that clear images of slurry could be 

obtained without the formation of fioth inside the sample presentation tube. 

With the sample presentation system performing as required, the work in Task 3 is 

essentially complete. The sample presentation system will now be used to collect images 

for calibrating the image analysis system over the next quarter. This work, which was -_ 

originally scheduled to be carried out using a pilot-scale set-up (Task 4 - Pilot-Scale - 
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Testing), will most likely be conducted at the plant site since the combination of the 

sample presentation system with a VCR has proven to be an effective means of obtaining ‘a 

large volume of images in a short period of time. 

Task 5 - In-Plant Testing 

Task 5.1 - Procurement and Fabrication: Although in-plant testing of the video-based 

sensors has not begun at this point in time, much of the s o h a r e  and hardware needed for 

this task have already been purchased in order to cany out the developmental work. The 

primary purchases remaining in this task largely involve fiber optics cables and 

communications equipment for transmitting images from the sensor to the control room 

where the computer will eventually be installed. It is anticipated that the final items 

required for the sensor interface will be purchased after the sensor has been calibrated and 

ready to be installed for long-term testing over the final six months of this project. 

Task 6 - SamDle Analysis and Characterization 

The samples being used to test the sample presentation system have been acquired 

Erom Pittston’s Middlefork preparation plant. The feed to this plant is dredged Erom an 

existing tailings impoundment and treated by a combination of spiral concentrators and 

column flotation. Flotation tailings samples have generally been found to vary from 65 - 

80% ash while feed samples range from 38 - 46% ash. As testing of the sample 

presentation system and calibration of the image analysis system proceed, numerous 

samples will continue to be collected as needed. 

I 
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1. 

2. 

SUMMARY STATUS AND FUTURE WORK 

Major accomplishments during the past quarter are listed as follows: 

Monochromatic illumination has been studied as a means of filtering optical noise and 

providing a sharper distinction between the ash and coal phases in the grey-level 

image. 

illumination provides better resolution of ash content than any of the monochromatic 

sources tested. 

The sample presentation system has been tested on-site at the Middlefork preparation 

plant. Preliminary problems with Eroth formation in the sample presentation tube have 

been eliminated with minor modifications to the tube design and in the operating 

procedures for the sampling system. The sample presentation system now appears to 

be ready for use in calibrating the image analysis system. 

The conclusions fiom this study indicate that conventional white light- 

As shown in Table 1, the project appears to be on schedule at this point. Tasks 1 

and 3 are now complete and Task 4 is beginning to get underway. During the coming 

quarter, it is expected that the emphasis of the project will switch to calibration of the 

image analysis system and development of the neural network learning software. During 

this same time, it is expected that information concerning the sensitivity of the video-based 

sensor to changes in percent solids and particle size distribution will also become available. 

Thus, work will continue to be conducted in Task 2 - Laboratory Testing, to deal with any 

unforeseen problems which may arise. 
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Table 1. Project Schedule 

Task 

Task 1 - Project Planning 

Task 2 - Laboratory Testing 

Month 
2 4 6 81012141618202224 

Task 3 - Bench-Scale Testing 

Task 4 - Pilot-Scale Testing 

Task 5.1 - Procurement and Fabrication 
Task 5.2 - Installation and Calibration 
Task 5.3 - OperatiodTestingRefinement 

Task 6 - Sample Analysis & Characterization 

- 
- - 
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Fiwre 1. Grey-level histogram obtained using various forms of light to illuminate yellow, 
orange, and green dots placed in a vertical line on a black background. 

Grey Leud 

Fiwre 2. Grey-level histogram of flotation tailings slurry obtained using two different 
sources of illumination. 
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Figure 3. Mean grey level versus ash content for coal slurry samples illuminated by 
various forms of light. 

DISCLAIMER 

Thii report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recorn- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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