
 
9. TST SOFTWARE 

9.1 NKRemote 

NKRemote by Breeze Systems ($175) (http://www.breezesys.com/index.htm) 
facilitates remote control of Nikon digital SLR cameras from a microcomputer.  It is 
ideally suited for the TST as several of the program’s features are utilized including: 

a) Live view on a computer monitor of the scene in the camera’s field of view.  

b) Full control of all camera settings from the computer. 

c) Digital zooming on a zone of interest in the field of view. 

                          d) Remote manual focusing on a zone of interest or on the full image.   

e) Remote image capture and direct file storage to a computer hard drive. 
 

9.2 ImageJ 

ImageJ is a public domain image processing and analysis program developed at 
the U.S. National Institutes of Health (http://rsbweb.nih.gov/ij/index.html). It  runs 
under Java. The major program features utilized for the TST test are: 

a) Cropping images that were taken by NKRemote. 

b) Adjusting threshold levels for conversion to binary images. 

c) Converting images to binary (black and white) images. 

d) Separating touching particles using watershed segmentation. 

e) Counting segmented objects 

f)  Sizing segmented objects 

 

9.3 TST.exe 

 TST.exe is an executable program that was developed at the University of 

Michigan using MATLAB by Mathworks. MATLAB is a high-level computer language 

that performs many mathematical tasks, particularly those involving matrix algebra, 

faster than traditional programming languages such as Fortran and C++. The TST 

program uses the number of pixels for each particle counted by ImageJ.  It converts 

the particle pixel area distribution to a particle size distribution and outputs the test 

results with minimal user interaction. Since TST.exe is a compiled executable 

program, the user does not use MATLAB directly and will not need to have it 

installed on the TST system’s microcomputer.  
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10. TST SYSTEM SET-UP 

10.1 Camera System Installation 

1) The height clearance between the surface of the camera lens and the surface of 

the translucent plate must be 7.6 ft.  With this distance, the combination of the 

D7000 camera sensor (23.6 mm x 15.6 mm) and the 60 mm focal length of the 

camera lens, the field of view becomes the required 3 ft. x 2 ft. (i.e. the bottom 

two-thirds of the TST translucent plate).  The variable screw positions on the 

camera bracket allow for this clearance to be achieved over a limited range of 

ceiling heights.  For considerably taller ceilings, either the bracket system must 

be extended or the TST can be placed on an appropriately raised platform. 

2) Install the ceiling bracket (with attached camera bracket) in the ceiling by laying 

its long dimension (24 in.) into the rails parallel to the short (24 in.) dimension of 

a drop ceiling panel.  Of course, the ceiling panel must be removed or slotted to 

accommodate the 24 in. long x 3 in. wide ceiling bracket.  The ceiling bracket 

should ideally be located at the end of a ceiling panel to take advantage of rail 

support on three sides (see photos of installed brackets in Chapter 8). 

3) Attach the camera bracket using a mounting screw. The height of the camera can 

be adjusted up to +/- 2.2 in. by choosing various mounting holes.   

4) Insert the EP-5 Nikon adaptor into the battery compartment of the camera and 

connect the EH-5A Nikon AC power cord with the adaptor. The direct power 

from a lab outlet eliminates the need for battery removal for charging.  

5) Link the camera to the computer using the UC-E4 Nikon camera-to-computer 

cable. The USB socket can be found under the rubber panel of the D7000.   

6) Level the camera using the bi-directional bubble level so that the surface of the 

camera lens is horizontal. The camera can be rotated in one direction using the 

mounting screw as a pivot.  However, the ceiling bracket would have to be 

shimmed to level the camera in the orthogonal direction.  

 10.2  TST System Positioning 

1) Level the translucent segregation table so that the surface of the translucent plate 

is horizontal. 
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2) Set the camera exposure mode to “manual” on the camera by turning the mode 

dial to < M >. Next, set the camera to autofocus by setting the mode switch on 

the lens to <M/A> and also setting the mode switch to < AF > on the camera. 

3) Open <NKRemote> and adjust camera settings from the window that 

automatically appears to the following (these settings are appropriate for the 

backlit TST in a dark room):  

Shutter speed (Tv) < 1/50 > 

Aperture size (Av) < 10 > 

Sensitivity (ISO) < 100 > 

Exposure compensation < none > 

Image quality < JPEG Normal > 

Image size < Large 4928x3264 > 

White balance < Auto > 

Metering mode < Matrix > 

Picture control < Standard > 

Autofocus mode < Single > 

                         Check the center focus point box from among the 39 focus point boxes. 

 4) Open live view by selecting < Camera > - < Live View > from the menu bar.   

                         A full frame live view will appear.  

 5) The table will appear on the live view window. Position the table below the 

camera such that the bottom 3 ft. x 2 ft. appears in the field of view and is lined 

up with the edges of the photo.  

10.3 Selection and Installation of Bridges 

 1)  As many (or as few) of the 18 paired slots in the slotted side walls can be used 

for the segregation bridge.  However, only the bottom 3 ft. x 2 ft. of the plate will 

be in the camera’s view.  As such, all of the particles must eventually must end 

up in this zone. The number and location of the segregation bridges can be 

determined from pilot tests. Nevertheless, the following sequence of six 

underpass heights is common and corresponds to a typical sieve order: 

19.1 mm, 12.7 mm, 9.5 mm, 4.8 mm, 3.2 mm, 2.2 mm. 

       Each underpass in this sequence is 70% +/- 5% of the previous underpass height 

thereby insuring that no particles should be able to hide behind others in their 

segregated group.        
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       If the soil particles accumulate in large quantities between certain bridges, these 

bridges should be moved apart.   It is again emphasized that the overall objective 

is to somewhat segregate the particles by size but only so far as to not allow 

small particles to hide beneath larger ones.  Thus, the segregation need not be 

thorough and complete.    

10.4 Establishing Image Scale 

1) Turn off the TST backlight if it is on.  Room lighting should be on. 

2) Place a scale near the center of the translucent plate parallel to one of the plate 

edges.  Adjust its orientation with the assistance of the NKRemote live view. 

3) Zoom in on the scale by double clicking the green box in the live view screen. Also 

set the “Zoom” to 100% in the menu at the bottom of the window.  By zooming 

in, a better focus can be achieved.  Adjust the focus using small focus steps 

(single arrow at the bottom of the window).  Note that this is digital zooming and 

not an actual zooming by the camera lens (it is not a zoom lens).  

4) Change the aperture size (Av) of the camera from < 10 > to < 3.2 > for determining 

image scale. Take a photograph by clicking < Release > located on the bottom of 

the live view screen.  Return (Av) to <10>.  The temporary aperture change is 

needed only to have the ruler well-illuminated for image capture. 

5) The captured image is automatically stored in c:\NKRemote\today’s year-month-

date. 

4) Open the image using < Paint >.  Using the magnifier tool (magnifying glass) at 6x 

setting, enlarge a 1 in. segment of the ruler.  Next, choose the Select tool 

(dashed rectangle).  Left-click and drag the long length of the rectangle to a 

width corresponding to 1 in. on the ruler.  Keep the left mouse button pressed 

and note the width in pixels displayed on the bottom right corner of the screen.  

The value should be about 140 pixels; record it.  Convert the resolution to 

pixels/mm by dividing the pixles/in. by 25.4.  Round this value to 0.1 pixels/mm. 
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1 

3 

Adjusting the camera settings from the NKRemote main window 

Live view window will pop-up showing the translucent plate with bridges 

Fig. 10.1  Adjusting the camera settings and opening the live view window from NKRemote. 

2 Opening the live view window 

1 

3 

2 

94



Fig. 10.2  Establishing image scale using a scale  
placed on the translucent plate. 

4 

5 

Placing a scale on the translucent plate 

Fine-tuning the focus using the single arrow keys 
in the expanded view  

4 5 

6 Capturing an image 

6 
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11. TST TEST PROCEDURE   

Sections 11.1 through 11.7 below have correspondingly numbered figures with 3 steps 

shown in each figure.  Section 11.8 refers to the computer analysis and is therefore 

lengthier with 5 figures.  

 11.1  Introducing Specimen and Table Raising 
1) Spread out dry soil particles on the translucent plate above the topmost bridge. 
2) Lift the plate slowly using the two handles. 
3) Allow the particles to slide or roll down the plate until they come to rest behind 

the bridges. 

11.2  Immobilizing the Inclined Table 
4)  If not already released, remove the immobilizing screws to release the feet from 

their transport position. 
5)  Lower the two support feet to vertical positions. 
6)  Slip the two immobilizing screws through the holes in the feet and screw them 

into the threaded sockets near the base of the light table.   

 11.3  Brushing 
7) Brush beneath the segregation bridges so that the blockages break down. 
8) Occasionally also brush above the bridges.  
9) Continue to brush for a minute or two until particles have stopped slipping 

beneath the bridges then lower the table to the horizontal position.  

11.4  Tap-down 
10)  Distribute the particles over the area between the segregation bridges using the 

small brush.  A vertical taping motion is most efficient.  
11)  Tap the corner of the table using the rubber mallet so that the remaining particle 

mounds collapse. 

11.5  Removing the Bridges  
12) Open the cover bars by releasing tightening screws. 
13) Swing the cover bars outward to expose the bridge ends. 
14) Remove the segregation bridges. 

11.6  Image Capture 
15) Make sure that all of the particles are in the camera’s field of view.  Using 

NKRemote focus on the segregated soil. 
16) Turn on the light table and turn off the room lights. 
17) Take a photograph. 

11.7  Specimen Removal and Cleaning 

18) Release the connector screw and remove the top wall. 
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19) Using the squeegee sweep out particles through the opening. 

20) If necessary, wipe the translucent plate using a dust cloth. 

11.8  Computer Analysis and Printout 

21) Place the image of the segregated soil in the folder containing <TST.exe >. 

22) Open < ImageJ >. The Commands menu will appear. 

23) Select File-Open. Open the image of the segregated soil by selecting the image file.  

24) Select Process-Binary-Make Binary. The image will become black & white. 

25) Select Process-Binary-Watershed. This will separate the contacting particles. 

26) Select Analyze-Analyze Particles. The Analyze Particles window will appear. 

27) Check Display Results and Clear Results. The pixel area of each particle will be 

displayed in the Results window. 

28) Select File-Save As from the Results window. Save the result in a text format in 

the same folder containing program <TST.exe>. Also save the image of the 

segregated soil in this folder.   

29) Open < TST.exe > by right-clicking and selecting Open or double-clicking the file. 

30) Input the requested soil and image information in two windows. 

31) The TST test results will appear.  They include: 

a)  Specimen, test and image details; 

b)  The captured image;  

c)  Grain size distributions assuming (for comparison) both the equivalent 

diameter method and the minor ellipse axis method;  

d)  A histogram of the particle aspect ratios versus grain size.   

32) A table of test data is also produced.  It includes the Fraction % Retained, 

Cumulative % Retained and the Results % Passing 

 

The results may be printed and/or saved. 

 

Finally, some tests will require significantly more than 1000 g of specimen for testing.  

The testing TST can be performed in stages using any number of 1000 g (or less) 

specimens and the results may be combined to produce a single size distribution.  

The tests presented in Appendix G were performed this way. 
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1 

1 
Soil particles are spread out on the 
translucent plate above the topmost  bridge. 

2 

3 

Fig. 11.1  Introducing  specimen & table raising.  

2 

3 

Plate is slowly lifted by the handles allowing 
the particles to roll and slide down incline 
passing beneath progressively smaller bridge 
underpasses.  

Particles come to rest behind the bridges.  
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4 6 

The two support feet are released 

Feet are lowered to a vertical position 

4 

5 

6 
Immobilizing screw keeps feet from 
accidentally slipping out.  

Fig. 11.2  Immobilizing  the inclined table. 

5 
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7 

Fig. 11.3  Brushing.  

8 Brushing beneath (or above) bridges 
breaks down blockages.  

9 

7 8 

9 

& 

Segregated particles ready for plate lowering.   
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10 

Fig. 11.4  Tapping-down. 11 

After plate lowering, gentle tapping 
with the small brush distributes the 
particles over the area between the 
bridges. 

10 

11 

One or two light vertical taps with 
the rubber mallet over the corner of 
the table collapses the remaining 
particle mounds. 
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Cover bars swing outward from the  
 slotted side walls  

12 

13 

14 Bridges are removed 

Quarter turn on tightening screws to  
 release the cover bars 

Fig. 11.5  Removing the bridges. 

12 

13 

14 
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Table lights are turned on.   

15 

16 

17 
Image captured by overhead camera  
remotely from computer. 

Quasi-segregated and shaken-down 
 particles prepared for image capture. 

Fig. 11.6  Image capture. 

15 

16 17 
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18 

19 

20 

Particles swept out through opening 
by a squeegee 

Connector screw removed and top 
plate lifted out. 

Fig. 11.7  Specimen removal & cleaning. 

Occasional dusting of plate surface 
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21 

21 
Placing the image of the segregated soil in the 
folder containing < TST.exe >. 

Fig. 11.8  Opening the image of the 
                 segregated soil in < ImageJ >.   

22 

23 

Opening < ImageJ >. The Commands menu will 
appear. 

Selecting File-Open and opening the image of 
the segregated soil by choosing the image file. 

23 

22 
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24 

Fig. 11.9  Converting to a binary image and separating particles by watershed segmentation. 

24 

25 

Selecting Process-Binary-Make Binary. The image will become black & white. 

Selecting Process-Binary-Watershed. The particles will be separated.  

25 
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26 

26 Selecting Analyze-Analyze Particles. 

Fig. 11.10  Saving the pixel areas of each particle in a text format. 

27 

28 

Checking Display Results and Clear Results in 
the Analyze Particles window. 

Selecting File-Save As in the Results window. Saving the soil image and 
the results in a text format in the folder containing < TST.exe >. 

27 

28 
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29 

Fig. 11.11  Opening the TST program and inputting soil and image information.  
  

Opening < TST.exe > by right-clicking and selecting Open 
 or by double-clicking the file. 

Inputting soil and image information into 
the TST computer program. 

30 
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MATERIAL: 

PIT NUMBER: 

PIT NAME: 

DATE SAMPLED: 

SAMPLED BY: 

DATE TESTED: 

TESTED BY: 

MAGNIFICATION (pix/mm): 5.7

IMAGE SIZE (pix): 3264 x 4928

IMAGE SIZE (mm): 572.6 x 864.6
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EQUIVALENT DIAMETER METHOD

MINOR ELLIPSE AXIS METHOD

POINTS CORRESPONDING TO SIEVE SIZES

Fig. 11.12  Viewing and printing the TST test results. 

31 
TST image, grain size distribution 
and aspect ratio for each particle 
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Fig. 11.13  Tabular printout of TST test results. 

32 Table of Fractioned % Retained, Cumulative % Retained and Results % Passing  
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12.  Combining Sedimaging and TST Test Results 
 

 For soils containing particles both finer and coarser than 2 mm, both the Sedimaging 

and TST tests are performed.  Just as with the sieve-hydrometer combination, the Sedimaging 

and TST results must be combined. As shown in Figure 12.1, this requires knowledge of the 

percent passing the No. 10 (2 mm opening) sieve.  If this is known, the individual results from 

both tests can be scaled accordingly to create the composite size distribution curve. 

Several approaches were considered for determining the % finer than 2 mm.  The 

simplest approach utilizes traditional weight measurement.   The nominal specimen sizes for 

individual Sedimaging and TST tests are 450 grams and 1000 grams respectively.  However, as 

mentioned in Section 11, the results of any number of TST tests may be combined to produce a 

single size distribution.  A No. 10 (2 mm) sieve and pan are used to separate the two soil parts 

until either 450 grams of minus 2 mm particles or 1000 grams of plus 2 mm particles are 

collected.  When this occurs, both fractions are weighed and their respective percentages of 

the total are easily computed.   Additional soil is then sieved to make up the weight 

requirement of the other component. 

If the weight fraction of the plus 2 mm soil is very small compared to the minus 2 mm 

fraction it may be impractical and unnecessary to use the TST device.  The distribution of sizes 

in this case can be quickly determined by hand sieving and weighing. 

A computer program “SED-TST.exe”  combines both the SEDIMAGING.exe and TST.exe 

programs into one with only one additional input window which requests the weights of the 

plus 2 mm size fraction and the minus 2 mm size fraction.  An example result showing the 

program output is included in Appendix E. The output includes a seamless grain size distribution 

and table of test results from both tests combined.    
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Fig. 12.1 Combining Translucent Segregation Table (TST) & Sedimaging 
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13. DISCUSSION OF RESULTS  

 

This section contains an evaluation of both imaging systems in the following 

categories: hardware, robustness of image processing (i.e. test results), software, costs 

and testing times.  The discussion forms the basis and leads directly to 

recommendations for further study in Section 15.   

 

SEDIMAGING  
 

Hardware 

The Sedimaging research benefitted from a precipitous decrease in the costs of 

digital cameras during the 2nd Quarter of the project.  At a $1300 cost for the body and 

$700 for an exceptional Nikkor macro lens, the 16.2 megapixel Nikon D 7000 strikes a 

perfect balance between cost and performance.  The camera reduced the sedimaging 

testing time by over 70% since the entire soil column could now be captured with a 

single image at a sufficiently high resolution to characterize particles from 2.0 mm to 

0.075 mm.  Cameras available at the beginning of this study cost twice as much and 

required the capture of several images to create a stitched composite of the soil 

column.  Since a single image could be used it could now be taken from a fixed camera 

position thus eliminating the need for an expensive vertical positioning system.   The 

cost of this camera will continue to fall as even higher resolution cameras come to 

market. 

 

The sedimentation column was completely redesigned during the project.  It is now 

much easier to assemble, position, disassemble and transport.  Its length was reduced 

from 8 ft. to 7 ft. without observable changes in test results.  Further shortening may be 

possible.  A pre-segregation system was designed which introduces the soil into the 

sedimentation column already somewhat segregated by size.  The sediment 

accumulator easily connects and disconnects from the bottom of the permanently 

suspended sedimentation column.  A connector between the sedimentation column and 

accumulator contains a drainage valve to empty water from the column; this allows for 

the determination of the percentage of fines in a specimen.    

     

While the hardware functions reliably, it is somewhat overdesigned.   The mass of 

aluminum used for the sedimentation column support tower, the base and the camera 

support column could be reduced.  Material costs would be reduced with the lighter 

components.    
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Image Processing (test results) 

The effectiveness of the sedimaging test must be evaluated first and foremost by its 

ability to duplicate or simulate sieving results. The overwhelming reason for why the 

results may not agree would be in the advanced image processing method based on 

wavelet analysis. Unlike the TST test, the particle sizes are not obtained 

deterministically, but rather based on analysis of image textures and calibration of these 

textures against sieve-determined particle sizes for many soils.   As such, an unusual soil 

may not adhere to the “typical” or “normal” calibration which is based predominantly 

on multi-colored soil grains, subrounded to subangular particle shapes and uniform 

surface colors of individual particles.  

 

Sedimaging tests were performed on 10 soils to compare size distributions by 

sedimaging to sieving.  Computer outputs, tabulated results and comparisons to sieve 

test results are included in Appendix C.   The test results are summarized in Table 13.1.  

For each soil the following information is tabulated: 

 

a) Soil name  

b) Date of testing 

c) Dominant soil color (based on overall visual observation)  

d) Color uniformity (differences in colors between particles)  

e) Individual particle color uniformity (uniformity in color within  individual grains) 

f) Particle shape (angularity based on visual observation of images) 

g) D60, D30, D10. Coefficient of Uniformity (Cu) and Coefficient of Gradation (Cg) based 

on sedimaging results. 

h) Image magnification 

i) Height of the sedimented soil column 

j) Calibration curve used in the sedimaging.exe program. 

k) Horizontal spread in particle sizes at the same elevations. 

 

The following observations are made from Table 13.1 and Appendix C: 

1. Overall, the sedimaging results approximate sieving results.    

2. The normal calibration curve with T=0 in equation (2.1) was used successfully 

for 8 of the 10 specimens.  Only the 30A specimen (Test No. 3), a slag 

material, required T=0.25 in equation 2.1 and only the very dark and angular 

soil derived from gabbro rock (Specimen No. 8) required a completely unique 

calibration. 
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3. The spread in particle sizes at fixed elevations in the column (“Horizontal 

Spread” in Table 13.1) is an indicator of the degree of particle segregation 

achieved by the sedimentation column.  This, in turn, may be an indicator of 

the uniformity of particle specific gravities in the specimen.  Only 1 of the 10 

specimens showed a very broad range of particle sizes at fixed elevations.  

Not surprisingly, this was the gabbro soil (Specimen No. 8) which, along with 

the following point, explains why this soil required its own calibration.     

4. Individual particle color uniformity is an extremely important factor in 

determining if a soil will adhere to the normal calibration curve with T=0.  

Only two soils, the 30A (Specimen No. 3) and the Gabbro soil (Specimen No. 8) 

contained particles with non-uniform mottled colors.  This again explains why 

these two soils could not use the common calibration curve with T=0. 

5. It is noted that the same two unusual soils (Specimens 3 and 8) were also the 

only two angular materials.  However, it is not believed that particle 

angularity itself could be the reason for departure from the normal calibration 

curve.  The mottled colors and poor segregation are much more likely 

explanations. 

 

Statistical Comparison of Sedimaging to Sieving Results 

Towards the end of the project period, 20 Sedimaging tests were added to the scope 

of the study.  These tests were performed to provide a statistical comparison to 20 

parallel sieve tests conducted by MDOT on specimens split from the sedimaging 

specimens.  The results of the blind tests performed by the University of Michigan and 

comparison of results to the parallel sieve tests performed by MDOT are included in 

Appendix F. The first 10 tests samples (Nos. 1 to 10) were made by splitting one large 

sample of 2NS into ten portions and putting each portion once through a sample 

splitter.  One half was sent to UM for Sedimaging, the other was tested by MDOT.    Test 

samples 11 through 20 were made to specific gradations after having pre-sieved a large 

amount of the 2NS soil.   Two samples with identical gradations were prepared, one for 

sieving and one for Sedimaging.    

The second page of the Appendix tabulates the results of the 20 Sedimaging test in 

terms of the equivalent “Sieve Passing Percentages” for 11 sieves.  Pages 3 and 4 of 

Appendix F were obtained from MDOT.  Here, the “Percentages Passing” from the 

MDOT sieve tests are compared to the Sedimaging data at 5 common sieves (Nos. 16, 

30, 50, 100 and 200).   The remaining 20 pages of the appendix includes two pages for 

each test: the usual Sedimaging results page and a page which graphically compares 

115



Sedimaging particle size distribution curves to those by sieving.  It should be noted that 

each of the latter pages contains not only the MDOT sieve results but also the results of 

sieve tests performed at UM on the exact sample that was also tested by Sedimaging.   

The Sedimaging tests were performed first. The sample was then dried and sieved. 

The results of the first 10 tests were consistent.  A good match between Sedimaging 

and sieving was observed for the coarser 80% of each specimen.  However, the finest 

20% of the material was observed to be coarser by Sedimaging than by sieving.  

Notwithstanding the Sedimaging results, it is particularly noteworthy that the MDOT 

and UM sieving results consistently disagreed on the % Passing the No. 30 sieve.   UM’s 

% passing the No. 30 sieve consistently agreed with Sedimaging results while MDOT’s 

ranged from 6.1% to 9.4% higher.  The authors do not have an explanation for this 

discrepancy regarding the #30 sieve.  There was no such large disagreement between 

UM and MDOT sieve tests for the other sieve sizes.      

The agreement between Sedimaging and sieving results was significantly better for 

the “engineered” samples (11 to 20), particularly in the finer particle size range.  

However, significant differences were again observed between the MDOT and UM 

sieving results.  The UM sieve results generally matched Sedimaging results better than 

MDOT’s sieve data did.   As with tests 1-10, UM sieve tests on Samples 11-20 were 

performed on the same soil that was tested by Sedimaging.  

 Software and Computer 

The sedimaging.exe program is user friendly and there is a very short learning curve.  

However, the computational demands are serious and 64 bit computer running under 

Windows 7 is required to perform the analysis.  There is one potential source of 

operator error in the data reduction procedure: a technician must manually crop each 

image.  If this is done carelessly, the test results could be affected.   To this end, a good 

24 inch monitor is essential to provide a large view of the image which would allow the 

operator to crop the image as close to the top and bottom of the soil column as 

possible. 

 

Costs and Testing Time  

The overall per unit cost of a sedimaging system is still difficult to determine as it 

would depend greatly on the number of units manufactured at one time.  Furthermore, 

some savings are still expected in materials as discussed earlier in this section.  The 

major cost is still currently the camera and lens at approximately $2000 but this price 

will be falling with time.  Sixty four bit computers are now commonplace. Windows 7 
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requires this architecture.  Overall, the price of the system, excluding computer is 

estimated at between $10,000 and $15,000.  

 

Excluding the time to initially dry a specimen, the sedimaging test takes under 15 

minutes to perform.   A second drying is unnecessary.  If a soil specimen does not 

contain fines or if their percentage does not need to be determined the sedimaging test 

would not even require initial drying and no specimen weight measurements would be 

needed.  This would reduce the testing time to approximately 10 minutes.    

 

 

TRANSLUCENT SEGREGATION TABLE (TST) 

Hardware 

The TST utilizes the same Nikon D7000 camera body and 60 mm Nikkor lens as the 

sedimaging system.  As such, all previous discussions regarding it apply here as well.  It is 

strongly recommended that the sedimaging and TST systems have dedicated cameras.  

Using one camera for both systems is unpractical because of the different set-ups and 

calibrations.   

 

The remaining TST hardware is somewhat simpler than the sedimaging hardware.   It 

is easier to manufacturer and less material is needed with the exception of the relatively 

large translucent and transparent plexiglass pieces.  Some modifications and 

improvements to the system could still be made as will be discussed in Section 15 but 

the basic design is sound. 

   

Image Processing (test results) 

Unlike in Sedimaging, the image processing approach for the TST is deterministic.  

That is, the actual particle sizes are determined for every individual particle.  Therefore, 

no calibration is needed. The key to the TST method is watershed segmentation which 

allows particles to be touching each other when imaged.  As discussed elsewhere in this 

report, some differences between the TS and sieving results should be anticipated 

because the two tests measure different particle dimensions.  More discussion on this 

topic follows later in this section. 
 

 The ability to the TST to determine both the minor and major axis dimensions of 

particles holds great promise for very rapidly characterizing the shape of numerous 

particles simultaneously without the use of calipers.    Most importantly, this would 
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occur while simultaneously obtaining their overall aggregate size distribution.  Section 

15 will discuss how this can be accomplished. 
 

Although TST test results have shown very good agreement with sieving, possible 

errors associated with extremely long particles (aspect ratios greater than 3) have  

not been fully evaluated.  There is some evidence which shows that such particles will 

occasionally be interpreted by watershed segmentation as being two different particles.  

While the effect on size distribution would be statistically minimal, the effect on particle 

aspect ratio distribution could be more significant and should be explored. 

 

Statistical Comparison of TST to Sieving Results 

Just as with the Sedimaging test, 20 TST tests were added to the scope of the study.  

These tests were performed to provide a statistical comparison to 20 parallel sieve tests 

conducted by MDOT on specimens split from the TST specimens.  The results of the 

blind tests performed by the University of Michigan and comparison of results to the 

parallel sieve tests performed by MDOT are included in Appendix G (TST).  The first 10 

tests samples (Nos. 1 to 10) were made by splitting one large sample into ten portions 

and putting each portion once through a sample splitter.  One half was sent to UM for 

TST testing, the other was tested by MDOT.    Test samples 11 through 20 were made to 

specific gradations.   Two samples with identical gradations were prepared, one for 

sieving and one for Sedimaging.    

The second page of Appendix G tabulates the results of the 20 TST tests in terms of 

the equivalent “Sieve Passing Percentages”.  Pages 3 and 4 of Appendix G were obtained 

from MDOT.  Here, the “Percentages Passing” from the MDOT sieve tests are compared 

to the TST data at 5 common sieves (1”, ¾” ½”, 3/8” and Nos. 4 and 8).   The remaining 

20 pages of Appendix G include two pages per test: the TST results page and a page 

which compares TST particle size distribution curves to those by sieving.   

Both the tabulated results and the graphical comparisons of TST particle size 

distributions to sieving show a clear trend of the TST slightly overpredicting particle sizes 

compared to the sieve definition of particle size.   While the TST and sieving particle size 

distribution curves generally paralleled each other, consistent offsets of the TST curves 

to the coarser side were observed.   The reason for this offset is strongly believed to be 

the result of having not accounted for all three particle dimensions when computing 

particle weights/volumes in the TST test.  As discussed in Section 7, with reference to 

Figure 7.2, the TST particle size is defined by the smaller particle dimension in the 

cameras view.   This remains a logical and valid assumption.  However, when computing 
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the particle volumes, since the particle dimension in the vertical direction (axis towards 

the camera) cannot be determined from the image, this third dimension was assumed 

to be the same as the same smaller dimension observed by the camera.  In other words, 

two of the three particle dimensions were assumed to be the same smaller dimension of 

a best-fitting ellipse in the cameras view of the particle.   However, the third (vertical) 

dimension should generally be even smaller than the smaller dimension observed in the 

planer view.   To rectify this uncertainty, the bridge underpass heights can be used to 

estimate the third (vertical) dimension.   Early results not presented in this report 

support the hypothesis that when all three dimensions are accounted for (2 obtained 

from the camera image and 1 from a particles final location on the table) the TST results 

will match the sieve-defined particle size distributions much better.  In fact, some 

indications are that they will match almost perfectly.       

Software and Computer 

The TST software is very robust.  It utilizes ImageJ to perform the image 

thresholding, watershed segmentation and size analysis.  The results are imported into 

TST.exe which produces the computer output.   The TST test may utlize the same 64-bit 

computer as is needed for sedimaging. 

 

Costs and Testing Time 

Even with a dedicated Nikon D7000, the cost of a TST system should be under 

$10,000.  The TST test takes less than 10 minutes to perform per 1.2 kg of specimen.   

For specimens exceeding about 1.2 kg, approximately 8 additional minutes are needed 

since the test has to be performed twice (16 minutes are needed for specimens 

exceeding about 2.4 kg, etc.).    
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D60 D30 D10 Cu Cg

Dominant

 Uniformity 

Between 

Particles

(mm) (mm) (mm)
Coef. of 

Unif.

Coef. of 

Grad.

1
2 NS                          

w/o fines
04/18/11 light brown no uniform

subrounded to 

subangular
0.45 0.30 0.20 2.21 1.00

common 

(T=0)
normal

2
Griffin, IN              

w/o fines
04/22/11 light brown no uniform

subrounded to 

subangular
0.67 0.45 0.34 1.94 0.88

common 

(T=0)
normal

3 30A w/o fines 04/23/11 light brown no
mottled, 

irregular
angular 0.53 0.27 0.15 3.46 0.89

common 

(T=0.25)

very   

narrow

4
Oakland Co.          

w/o fines
04/25/11 light brown yes uniform subangular 0.37 0.24 0.19 1.90 0.84

common 

(T=0)
normal

5
Costa Rica              

w/o fines
04/30/11 black no uniform subrounded 0.16 0.12 0.11 1.49 0.91

common 

(T=0)
narrow

6
Upper Peninsula 

w/o fines
05/08/11 reddish no

somewhat 

uniform

subrounded to 

subangular
0.58 0.31 0.20 2.88 0.85

common 

(T=0)
normal

7
2 NS w fines 

added 
05/26/11 light brown no uniform

subrounded to 

subangular
0.33 0.14 NA NA NA

common 

(T=0)
narrow

8
Gabbro soil           

w/o fines
05/26/11 black yes mottled angular 0.77 0.46 0.26 2.98 1.06 soil specific very   broad

9
Class IIA                 

w/ fines
08/26/11

v. light 

brown
no uniform subangular 0.22 0.15 0.11 2.04 0.94

common 

(T=0)
normal

10
Upper Peninsula 

w/ fines
08/30/11 reddish no

somewhat 

uniform

subrounded to 

subangular
0.32 0.20 NA NA NA

common 

(T=0)
normal

Soil Name

Table 13.1 Summary of Sedimaging Test Results

Color Individual 

Particle 

Color 

Uniformity

Shape
Calibration 

Curve Used

Horizontal 

Spread
Test DateNo.
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14.  CONCLUSIONS 
 

1. This research demonstrated the feasibility of digital imaging technology as a viable 

alternative to traditional sieving for determination of soil and aggregate size 

distributions.   Digital imaging is less expensive and faster than sieving while 

producing similar results. 
 

2. Because of the large range of soil and aggregate particle sizes, no single image-based 

method could be developed to size all particles from U .S. Standard Sieve No. 200 

(0.075 mm) to 1 in. and larger. 
 

3. For particles finer than the No. 10 Standard U.S. Sieve (2 mm), a method hereby 

termed “sedimaging” was developed.  Unlike the deterministic TST approach, the 

sedimaging method relies on statistical interpretation of image textures.  The soil 

specimen is sedimented through a 4 in. x 4 in. x 7 ft. long water-filled column to 

segregate it by size. The sedimented soil is photographed through a glass window in 

a sediment accumulator attached to the bottom of the sedimentation column.  The 

image of the sedimented soil is then incrementally analyzed to generate some 5,000 

data points (particle sizes), each representing a 128 pix. x 128 pix region of the 

image.   The image processing requires a calibration between an image “wavelet 

index” and the average pixel size in units of image pixels.   The test takes 15 minutes 

if the percentage of fines is to be determined or 10 minutes if the percentage of 

fines is not needed.  In the latter case, the soil does not have to be dried and no 

specimen weights need to be recorded.  Tests on 10 different soils with varying soil 

colors, textures and gradations have yielded results approximating sieving results.   

  

4. A deterministic method using an inclining 3 ft. x 3 ft. translucent segregation table 

(TST) with a ceiling-mounted camera was developed for particles larger than the No. 

10 Standard U.S. Sieve (2 mm).  The soil specimen is “brushed” down the inclined 

plane while passing beneath a series of bridges with decreasing underpass heights in 

order to somewhat segregate the particles by size. The segregation is necessary to 

keep smaller particles from hiding from view beneath larger particles. The 

translucent table is backlit to help threshold the images. An image processing 

method called “watershed segmentation” is used to digitally separate touching 

particles.  In the TST test, the size and aspect ratio of every individual particle is 

determined.  The test takes approximately 10 minutes to perform and requires no 

measurements of specimen weight.  Based on a small number of samples to date, 

test results have been very good and will undoubtedly become even better when 

the third (vertical) particle dimension is estimated from the TST bridge heights. 
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5. For specimens containing particles both coarser and finer than the No.10 Standard 

U.S. Sieve, both the sedimaging and TST tests are performed for the finer and 

coarser fractions respectively.  The only additional information to be recorded is the 

relative percentage of the soil particles coarser and finer than the No. 10 sieve. 
 

6. Both the sedimaging and TST tests utilize 16.2 megapixel Nikon D7000 cameras with 

60 mm macro Nikkor lenses.  The cameras are controlled remotely from a 16-bit 

computer running a program called NKRemote by Breeze Software. User-friendly 

software has been written for both tests.  The programs are appropriately called 

Sedimaging.exe and TST.exe and were written in the MATLAB environment. They 

require minimum operator input, perform all of the image processing and print the 

results to files or a printer.  For specimens requiring both the sedimaging and TST 

tests, a composite program called Sed-TST.exe is used.  
           

7. A statistical comparison was made of particle size distributions determined by the 

two image-based tests and by sieving.  Twenty Sedimaging and 20 TST tests were 

performed at the University of Michigan while the forty sieving tests on split 

samples was performed by MDOT.    
 

For the Sedimaging test, some deviations from sieving results were observed for the 

fine sand fractions of almost every test.   However, the overall results correlated 

with the curious exception of “% passing the No. 30 sieve”.  No explanation for this 

discrepancy has been found.  However, when additional sieve tests were conducted 

at UM on the very same 20 samples that were tested by Sedimaging, the “% passing 

the No. 30 sieve” agreed very well with Sedimaging results.  
 

The statistical differences between the 20 TST results and MDOT’s sieve tests was 

more significant.  However, the source of the discrepancy is strongly believed to be 

in the algorithm used to compute particle volumes by the TST.  The TST test results 

presented in Appendix G only accounted for the two particle dimensions in the 

camera’s field of view.  When the third (vertical) dimension is included in the 

computation, the results will much better agree with sieving.     
 

Based on the statistical analysis performed it was concluded that the Sedimaging 

and TST tests could not yet be considered as an alternative to sieving for MDOT 

acceptance testing.  However, as described above, the issues that caused the 

discrepancies in results may shortly be overcome.   At this time, both the TST and 

Sedimaging tests appear to be viable methods for particle size assessment in 

aggregate production. 

122



15. RECOMMENDATIONS FOR FURTHER RESEARCH 

 

1. The TST System holds great promise for completely describing the three-dimensional 

shape of aggregates.  The TST.exe program presently yields the longer and  

intermediate dimension of every particle.  The third (vertical) dimension, typically the 

smallest, cannot be determined from the overhead images.  However, this third 

dimension can be bracketed by the underpass heights of the two bridges between 

which the particles come to rest.   Some modifications to the TST hardware will be 

needed to insure uniform underpass heights and the software will have to be 

updated to include this potential new feature of the TST.   Once the third dimension 

becomes determinable, discrepancies between TST tests and sieving, such as were 

observed in MDOT’s statistical testing (Appendix G) may be eliminated.    

 

     Present methods of determining aggregate sizes rely on manual measurements with 

calipers, one particle at a time.   Therefore, the modified TST test could greatly 

reduce or completely eliminate the need for such laborious efforts.    

 

2. Related to recommendation #1, the watershed segmentation method may need to 

be modified as it appears that some elongated particles are interpreted as being two 

particles and therefore as having a smaller aspect ratio than they actually have.    

 

3. As the price of digital cameras continues to drop, consideration may be given to 

design of a larger TST which would accommodate larger specimens.   A 48 in. x 48 in.  

table could handle a 2.5 kg of aggregate.  However, such a table would require a 30 

megapixel camera.  Fortuitously, in 2012 Nikon will introduce a 32 megapixel camera 

at a cost of only $3,000.   

 

4. The success of the TST suggests that its range of applicability could be pushed to finer 

particles, say 1.19 mm (Standard U.S. Sieve No. 16).  However, this too would require 

a higher resolution camera.  If the TST could accommodate particles down to 1.19 

mm, the sedimaging test hardware demands could be greatly reduced. The 

sedimentation column and accumulator could be as small as 1.25 in. x 1.25 in. x 5 ft.  

and could cost much less to construct than using the current design. 

 

5. Even if the sedimentation system is not scaled down it can nevertheless be 

redesigned to have lighter components. As discussed in Section 13, while the 

hardware functions efficiently and reliably, it is somewhat overdesigned. The mass of 
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aluminum used for the sedimentation column support tower, the base and the 

camera support column could all be reduced.      

 

6. Related to recommendation #4, the current U.S. Standard Sieve No. 10 (2.00 mm) 

criteria does not correspond to a standard sieve number commonly used by MDOT 

and therefore makes the separation of particles for the two tests somewhat 

unnatural.  Either U.S. Standard Sieve No. 8 (2.38 mm openings) or preferably the 

U.S. Standard Sieve No.16 (1.19 mm openings) should be established as the break 

between the two tests.     

 

7. A wider range of soil types need to be investigated in the sedimaging test to establish 

if the “Common T=0” calibration curve will continue to be useful for the majority of 

soils encountered in Michigan. 

 

8. The sedimaging test occasionally appears to underestimate the equivalent 

percentage loss by wash (particles finer than the No. 200 sieve).  This may be because 

insufficient time has been given for the specimen to soak prior to pre-segregation. In 

addition to extra time for soaking, consideration should be given to decanting “dirty” 

water from the pre-segregation tube once or twice before introducing the specimen 

into the sedimentation column.  The presence of trace low specific gravity particles 

including organic debris, mica flakes and shale particles can also result in 

underestiamation of the finer soil particles because such particles settle within the 

matrix of the finer soil.  Consideration should be given to methods for removal of 

such low density fragments.   
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16. RECOMMENDATIONS FOR IMPLEMENTATION 

 

The following recommendations for implementation were developed by MDOT Project 

Manager and supported by the authors of the report. 

 

1. Communicate the feasibility of digital imaging of earth materials to other state 

DOT’s and federal agencies. 

 

2. Support additional research at the national level for a robust statistical study 

comparing sedimaging and TST to traditional sieve testing. 

 

3. Encourage the development of nationally recognized test methods (e.g. ASTM and 

AASHTO) when equivalency to sieve testing is statistically supported. 

 

4. Encourage aggregate producers to support research and experiment with digital 

imaging technologies to lower testing costs and/or improve quality control. 
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APPENDIX  B. 

DERIVATION OF EQUATION FOR PARTIAL PERCENTAGE OF FINES 

 

Notation 

%P F = Partial Percentage of fines 

     sW  = Original dry weight of soil 

     cW = Weight of soil canister [known] 

  s cW  = Weight of dry soil and canister [measured] 

    saW = Weight of soil in accumulator  

     aW = Weight of empty accumulator [known] 

   wfW = Final weight of water in accumulator (when soil occupies some volume). 

                  s wf aW   = Weight of: soil in accumulator + final water in accumulator + empty accumulator [measured] 

   owW = Original weight of water in accumulator (before soil is introduced). 

 a wW  = Weight of accumulator filled with water (but no soil) [known] 

 

Derivation 

By definition, the partial percentage of fines is: 

 % /s sa sP F W W W 
                                                                                               

… (1) 

      The dry weight of soil is computed after weighing the soil + canister: 

s s c cW W W 
                                                                                                 

… (2) 

     The weight of soil in the accumulator would be: 

sa s wf a a wfW W W W   
                                                                                               

… (3) 

     The final weight of water = original weight of water - weight of water displaced by soil: 

o

sa
wf w

s

W
W W

G
 

                                                                                               

… (4) 

     where: 

ow a w aW W W 
                                                                                               

… (5) 
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 Combining (4) and (5) into (3): 

o

sa
sa s wf a a w

s

W
W W W W

G
 

 
    

 
 

sa
sa s wf a a a w a

s

W
W W W W W

G
  

 
     

 
 

sa
sa s wf a a w

s

W
W W W

G
    

                                                                                             

… (6) 

Solving Eq. (6) for saW : 

sa
sa s wf a a w

s

W
W W W

G
      

1
1sa s wf a a w

s

W W W
G

  

 
   

 
 

1

s s wf a a w

sa

s

G W W
W

G

  
  


                                                                                                   

… (7) 

For most soils 2.62 2.70sG 
 
in which case: 

1.6sa s wf a a wW W W  
                                                                                                        …(8) 
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APPENDIX C 

EXAMPLE SEDIMAGING TEST RESULTS 
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MATERIAL: 2NS w/o Fines

PIT NUMBER: 

PIT NAME: 

DATE SAMPLED: 04/18/2011

SAMPLED BY: HS

DATE TESTED: 04/18/2011

TESTED BY: HS
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MATERIAL: Griffin w/o Fines

PIT NUMBER: 

PIT NAME: 

DATE SAMPLED: 04/22/11

SAMPLED BY: HS

DATE TESTED: 04/22/11

TESTED BY: HS
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 (mm): 0.67
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MATERIAL: 30A w/o Fines

PIT NUMBER: 

PIT NAME: 

DATE SAMPLED: 04/23/11

SAMPLED BY: HS

DATE TESTED: 04/23/11

TESTED BY: HS
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* Specific calibration curve for 30A has been used. 
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MATERIAL: Oakland County w/o Fines

PIT NUMBER: 

PIT NAME: 

DATE SAMPLED: 04/25/11

SAMPLED BY: HS

DATE TESTED: 04/25/11

TESTED BY: HS

D
60

 (mm): 0.37

D
30

 (mm): 0.24

D
10

 (mm): 0.19

C
u
: 1.90

C
g
: 0.84

MAGNIFICATION (pix/mm): 33.6

IMAGE SIZE (pix): 4072 x 1280

IMAGE SIZE (mm): 121.2 x 38.1

0.050.11.02.5
0

500

1000

1500

2000

2500

3000

3500

4000

GRAIN SIZE (mm)

E
L
E

V
A

T
IO

N
 (

p
ix

)

 

 

COLUMN 1

COLUMN 2

COLUMN 3

COLUMN 4

COLUMN 5

COLUMN 6

COLUMN 7

COLUMN 8

COLUMN 9

COLUMN 10

0.050.11.02.5
0

20

40

60

80

100

GRAIN SIZE (mm)

P
E

R
C

E
N

T
 F

IN
E

R
 (

%
)

 

 

GSD OF SOIL IN ACCUMULATOR

GSD OF SOIL W/ P%F ADDED

144



145



0

20

40

60

80

100

0.010.1110

P
e

rc
e

n
t 

Fi
n

e
r 

(%
) 

Grain Size (mm) 

Sieve Test

Sedimaging Test

Material: Oakland County w/o Fines 

146



MATERIAL: Costa Rica w/o Fines

PIT NUMBER: 

PIT NAME: 

DATE SAMPLED: 04/30/11

SAMPLED BY: HS

DATE TESTED: 04/30/11

TESTED BY: HS
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MATERIAL: Upper Peninsula w/o Fines

PIT NUMBER: 

PIT NAME: 

DATE SAMPLED: 05/05/11

SAMPLED BY: HS

DATE TESTED: 05/05/11

TESTED BY: HS

D
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 (mm): 0.58
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 (mm): 0.31
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 (mm): 0.20
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MATERIAL: 2NS w/ Fines Added

PIT NUMBER: 

PIT NAME: 

DATE SAMPLED: 05/08/11

SAMPLED BY: HS

DATE TESTED: 05/08/11

TESTED BY: HS

D
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 (mm): 0.33

D
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 (mm): 0.14
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 (mm): 0.00
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MATERIAL: Gabbro w/o Fines

PIT NUMBER: 

PIT NAME: 

DATE SAMPLED: 05/26/11

SAMPLED BY: HS

DATE TESTED: 05/26/11

TESTED BY: HS

D
60

 (mm): 0.77

D
30

 (mm): 0.46

D
10

 (mm): 0.26

C
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: 2.98

C
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MAGNIFICATION (pix/mm): 37.7

IMAGE SIZE (pix): 4552 x 1280

IMAGE SIZE (mm): 120.7 x 34.0
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*Specific calibration curve for Gabbro has been used. 
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MATERIAL: Class IIA w/ Fines

PIT NUMBER: 

PIT NAME: 

DATE SAMPLED: 08/26/11

SAMPLED BY: HS

DATE TESTED: 08/26/11

TESTED BY: HS

D
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 (mm): 0.22

D
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 (mm): 0.15

D
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 (mm): 0.11

C
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MAGNIFICATION (pix/mm): 36.6

IMAGE SIZE (pix): 4184 x 1280

IMAGE SIZE (mm): 114.3 x 35.0
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MATERIAL: Upper Peninsula w/ Fines

PIT NUMBER: 

PIT NAME: 

DATE SAMPLED: 08/30/11

SAMPLED BY: HS

DATE TESTED: 08/30/11

TESTED BY: HS
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 (mm): 0.32
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IMAGE SIZE (pix): 3832 x 1280

IMAGE SIZE (mm): 104.4 x 34.9
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