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Abstract: Four image analysis systems for measuring rock fragmentation, FragScan, PowerSieve, Split and WipFrag, have been compared under conditions necessary to provide an objective though limited assessment of their capabilities. The analysis of results is based on a sample of ten photographs taken from a series of photographs of controlled artificial muckpiles.  These were created from dumping a blended mixture of sieved samples of limestone aggregate, in order to create a range of near perfect Rosin-Rammler sieve size distributions. The various systems’ predicted results are compared with sieved results using both histogram and cumulative forms, with and without fines corrections in the case of Split and WipFrag. Statistical indicators are evaluated to examine the match between system prediction values and sieving values. Commentaries on the results by each of the systems’ inventors have been incorporated. All four systems were found to perform both well in some cases and poorly in others. From a detailed examination of the results, some insight into the strengths and weaknesses of the various systems is presented. 

1 introduction

1.1 Industrial context

Industrial applications of auto-sizing systems are numerous and while the specific systems referred to in this paper were developed in the context of mining and blast fragmentation assessment, they are finding widespread use in other industrial fields of materials processing. Automated measurement of blast fragmentation has gone through two decades of rapid development and is now a generally accepted tool in the mining and mineral processing industries. An extensive source of literature on the subject can be found. For example, a seminal monograph on measurement of blast fragmentation was presented as the proceedings of the Fragblast-5 workshop (Franklin and Katsabanis 1996). Researchers aiming to improve models of fragmentation blasting have long awaited the technology to provide a means of comparing the predicted fragmentation of a blast with the actual fragmentation found in the blastpile. The link between more accurate and rapid fragmentation assessment and more optimal blast design, via the use of better empirical and numerical models, is widely recognized. It was therefore of interest to take a snap-shot (in August 1999) of the capability of several available systems designed to predict sieve size distributions from photographic or video image data. Reference to the underlying principles behind each different system is necessarily kept to a minimum as these can be found in the literature.

1.2 Background to the comparison study

An opportunity was presented in Johannesburg at the Fragblast-6 Symposium in August 1999, where representatives of four automated size analysis systems offered to perform blind assessments on a subset of ten library photographs. Each high quality photograph presented a different artificially produced laboratory blastpile of known sieve size distribution. Analysis results were processed rapidly and given in terms of best-fit Rosin-Rammler coefficients. With the exception of FragScan operators, the Rosin-Rammler coefficients for the actual sieve analysis and the imaging systems were shared while at the Symposium. Although the FragScan analysis was carried out a month later, the integrity of the blind trial was maintained. The purpose of this paper is to provide an objective set of results from which to compare certain aspects of the commercial packages: FragScan, PowerSieve, Split and WipFrag. Results presented in this paper for each different system refer to the standard operating systems as available in August 1999 and their deployment was as described in Section 3 below. Clearly, a comparison using only one photograph per size distribution is far from ideal but it provides an interesting study nonetheless. 

It is suggested, see below, that errors associated with sampling are likely to be only minor in this comparison study, partly because it is based on supplied photographs for which data acquisition differences have been removed between the four systems. The main differences in results between the four systems can then be attributed to differences in system fidelity for the delineation of particles, differences in allocating particles to size ranges, and differences in the treatment of fines. One of the most likely causes of significant differences between the systems concerns the method of assessment of the proportion of fine material i.e. particles that cannot be resolved from images taken at a typical preset scale (e.g. a resolution setting which in normal circumstances, would be designed to concentrate on accurate quantification of the expected mean sizes). The improvements that any system can bring about by judicious use of zoom-merge sampling (e.g. Santamarina et al. 1996) are outside the scope of this paper.

The PowerSieve and FragScan systems do not incorporate edge detection algorithms. Their ability to define appropriately the total areas and sizes of fine material below resolution within the image is considered by their inventors to arise automatically from the erosion-dilation and sizing algorithms applied and thus they do not incorporate fines corrections (as of August 1999). Split and WipFrag use edge detection algorithms. Split recognises that consideration of the ‘black’ areas (i.e. areas that the program does not delineate as particles in the photograph) provide a potential means of correcting the particle size analysis to help account more accurately for the fines content (Kemeny et al., 1999). Similarly, WipFrag, which overlays an edge net of particle outlines (of one pixel width), recognises that its basic algorithms introduce systematic errors as the range of particle sizes is increased. Therefore, an automatic correction for fines based on the calibration of experiments on dumped rock (Maerz and Zhou, 1999) has been made available.

A previous field study to compare WipFrag, Split and FragScan systems with sieve results was reported by Liu and Tran (1996). Tests reported at that time suggested that Split and WipFrag yielded results that gave the 50% sieve size to be about 1.5 times their true sieve values while FragScan yielded results two times their true values. Since then, there have been changes in the various algorithms within the different operating systems and this paper reports the findings of a more recent comparison study.

The results are presented in full and hopefully, will speak for themselves.  The results are presented firstly to deal with general observations based on ‘routine’ employment of the four systems and therefore a ‘fines correction’ in the case of Split and WipFrag is included. A more detailed analysis presented later in the paper includes size distribution curves and histograms showing the size analysis before and after fines corrections. Discussion points raised by authors and inventors from each of the systems are included in sections presented before the results.  The photo-library is based on exact Rosin-Rammler size distribution coefficients and comparison of these coefficients forms the basis of the general observations in this paper.

1.3 Size Distribution Coefficients

The most popular equations used to analyse the particle size distribution (PSD) in mineral engineering are the Rosin-Rammler equation (Rosin and Rammler 1933) of Weibull form, Equation 1 and Equation 2, and the Schuhmann (1960) equation of power law form, Equation 3. In mineral processing and mining engineering, image analysis systems have recently focused on the development of a ‘fines correction’ because in certain systems, it is recognized that automated size analysis will not resolve accurate information for size ranges below the nominal camera magnification setting, even though these ‘fines’ may make up a significant mass proportion of the fragmented pieces. Whereas Maerz and Zhou (1999) report on a fines correction factor incorporated in WipFrag, which assumes a Rosin-Rammler form to the PSD, Kemeny (1999) reports on a different fines correction approach adopted in Split which is based on extrapolation of the Schuhmann curve. PowerSieve and FragScan do not incorporate a fines correction. 

In Equation 1, n is the Rosin-Rammler uniformity coefficient and sc is the Rosin-Rammler characteristic size, taken to be the 63.2 per cent passing size and y is the fraction by weight finer than a given sieve size.  








(1)

Alternatively, it may be expressed with respect to the 50% passing size s50 as 








(2)

Equation 3, the Schuhmann equation, defines the family of power law curves, s is the sieve size and s100 represents the 100 percent passing (i.e. the maximum) sieve size while m governs the uniformity or spread of sizes. 

y = (s/s100)m



(3)


When a law yielding s50 and n is a satisfactory fit to a given sample, then for the same s50, the best power law fit may be estimated using the relation m = 0.645n (Tsirel, 1997). 

1.4 Photo-library background

The experiment leading to the production of a photo-library was carried out in the following steps (Lu & Latham, 1996):

1. Approximately 100 kg of crushed limestone aggregate with sizes of less than 150 mm was collected. Coarse sand fractions were also obtained.

2. The aggregates were screened onto 12 fractions using sieves from 1mm to 125 mm. Each aggregate fraction was weighed and its median sieve size was calculated (except for the first and last fractions).

3. A range of pre-set values of Sc and n were chosen to cover a wide range of prototype distributions. The required fractions of each size range were calculated for a specified (Sc,n) artificial blastpile. Each fraction was prepared, weighed out, mixed together and dumped into a flat rectangular pan 71.5 by 41.5 cm, giving the required artificial blastpile (Sc,n), with a typical total mass of between 30 and 40 kg. 

4. A photograph was taken perpendicular to the surface of the pile in with the scale bar intervals marked on the tray indicate 100 mm. 

The photographs were taken under ideal laboratory conditions, but with higher contrasts and shadows than is generally preferred for automated image analysis, because their original purpose was to aid manual scanline mapping of particle boundaries. The dumping action attempted to minimise vibration of the tray and mimic the surface appearance of an un-segregated mixture. The surface sampled by photograph cannot be guaranteed to be representative of all the material in the tray.

In the study by Lu & Latham (1996), 72 library photographs were produced and a selection was used to calibrate a photo-scanline method. The spacing distribution of particle edge to scan-line intersections obtained from superimposing scanlines on the library of photographs were used to generate formulae that relate the sc(p), n(p) values of the spacing distribution to the sc, n values of the expected sieve size distribution. The formulae obtained from the manual scanline analysis using simple linear regression are given in Equations 4 and 5.

sc = 1.119sc(p)





(4)


n = 1.096n(p) – 0.175




(5)

The r-squared correlation coefficients for the regressed sieve size prediction of sc, and n were 0.95 and 0.97 respectively, which is somewhat higher than the r-squared values found for the four automated systems as discussed later in Table 2. Another similar pair of equations were calibrated to give s100 and m coefficients to allow use of the photo-scanline method with the Schuhmann model.

1.5 Photo images

Ten A4-size black and white prints from the photo library were selected to represent a reasonable range of sc and n values. These were presented for analysis at the Fragblast workshop and digitised by equipment demonstrated by Tom Palangio (of the WipFrag group). For the purpose of the analyses, the supplied photograph images were captured using a Mavica digital camera. Thus, the image has been captured twice, first by analogue photography and then by a digital system. These were saved as ten JPEG files ranging from 46 to 64 kbytes in size at a resolution of 640 x 480 pixels (at 118 pixels per cm). These image files were electronically transferred to all four groups for further analysis, thus ensuring identical image input resolution. Examples of the images are given in Figure 1 and the complete set is shown in Appendix A1.

[Insert Figure 1 see separate file]

2 Comments From system inventors

2.1 WipFrag

The emphasis of WipFrag analysis is more on precision than accuracy (Maerz, 2001), catering more toward process control rather than specification oriented applications.  As such, when accuracy (matching sieving) is required, empirical calibration must be employed.  In addition, as with other systems, WipFrag requires multiple images for a 3D size analysis of a given assemblage of rock. In this comparison exercise, re-mixing and re-imaging of the sample would have proved useful.  Thus, the results of this WipFrag analysis were generally good, but some results were not as good. This may be attributed to the lack of available calibration models. A standard calibration procedure (i.e. a WipFrag standard fines correction) was therefore applied for this study.

For the purpose of these analyses, the images were imported to WipFrag and manual editing was limited to a few minutes per image to improve the fidelity of the block outlines. Of the seven samples with Rosin-Rammler n-values of 0.9 to 1.75 (where calibration is not as much of an issue), one of the results was extremely accurate (P09), three were very close (P01, P10, P29) and three had n-values that were very close but Sc values that were somewhat too coarse (P14, P32, P46). 

Of the three remaining samples (P49, P59, P67), those most dependent on calibration, the n-values reported by WipFrag were high, although the Sc values were very close.  This is simply because there was no reliable calibration model to base the analysis on.

2.2 Split

The analysis was conducted by a skilled software operator. The images were cropped so that the walls of the container weren't visible and confusing to the delineation algorithm.  A few minutes (<5) per image was spent correcting the most obvious errors and filling fines.  Delineation parameters were set at the standard ones in use at the time (“likely to have been noise 7, shed size 1.5, gradient 0.14 and even lighting”). Fines correction factors of 10% for P01 and P10, and 30% for the remaining photos, were introduced at what were subjectively judged to be optimum settings for this set of photos. 

Overall, the results presented in the paper are a good representation of the Split processing algorithms at the time the study was conducted (1999).  A certain amount of error is to be expected in single image analysis.  For instance, Split over-predicts the Sc in photograph P67.  Looking closely at the image, the particles in the photograph do in fact appear large for a Characteristic Size of 35 mm. This is thought to be due to the difference between what appears on the surface for this dumped sample of wide grading compared with the actual size distribution, and this effect is independent of the processing algorithms being used.  Further mixing and imaging might reduce these kinds of errors. 

2.3 FragScan

The previous and somewhat similar exercise performed by NORANDA (Liu & Tran, 1996) showed that FragScan was likely to underestimate some fragments of smaller size. At about that time, internal tests (i.e. ones directed by FragScan inventors) on different versions of the system showed what was summarised as “a really good agreement between true and measured fragmentation”. These tests were performed on crushed aggregates and boulders for which the true fragmentation was known but where all samples had a steep uniformity index, owing to a lack of confidence, at that time, in building small-scaled representative samples with low uniformity. Thus, for this and other reasons, there was a reluctance to revise the FragScan program as a result of Liu and Tran’s work. However, significant improvements in the system are expected to follow from the comparison study reported here. The present blind test, by contrast with the earlier comparison study, should be considered as objective and achieved in excellent conditions (quality of image lighting and contrast, close to no overlapping of fragments).

For the analysis, processing time for each image was about seven seconds on a Pentium II 305 MHz machine for eight size-classes. No interactive manual intervention was used. However, using FragScan on site, it is normal to adjust a "thresholding" function during the system calibration procedure. Any lowest size limit for the resolution limit can be set and for this study, it was set at 5mm.  Any set-up for number of classes and increment from one class to the next may be chosen. 

Commenting more specifically on the results, the FragScan results sensitively follow the actual trends for the sieve variations of sc and n, as shown by the statistical analysis, but present an excessive bias for n. The system is behaving as a stiff sensor to variations. As a consequence of the absence of a fines correction, smaller fragments are not seen and thus not taken into account, pushing the curve to the coarser sizes and making it steeper. From further looking at the results, it is possible to point out some imperfections in the FragScan algorithms and these have subsequently been adjusted by “changing the structuring element for the opening process”. These imperfections were:

(i) attribution error: fragments significantly delineated into the wrong size-class;

(ii) contamination: a loss of surface of larger fragments which are placed into the central classes.

“Fines correction” is still a subject of discussion amongst FragScan inventors. It is basically not possible to measure with an image-based process something that cannot be seen. Two possibilities that have been adopted variously by other system inventors to tackle this are:

(i) an intelligent extrapolation;

(ii) an empirical correction.

The FragScan inventors hope to draw upon several sources of research in its quest for a ‘fines correction’ strategy. In a recent study aimed to predict fragmentation from blasting and rock-mass parameters, it appeared that from a consideration of fragmentation mechanisms, the fragmentation of blasted rock was likely to be of a double-component nature (Djordjevic, 1999) which could then be modelled by the sum of 2 log-normal distributions. Such a model might help to extrapolate the population of fines and obtain significant percentages of finer fragments. 
Following previous work on the probability of a fragment appearing on the visible surface of a sample (e.g. Chavez et al., 1996), it has been noticed that the ratio of visible and identifiable particles versus those present in the sample quickly diverges from 1 as the size of the particle decreases. As an example, on an image of a sample of 10-80 mm fragments, with a scale of 0.7 mm/pixel, 15% of particles of size-class 14-20 are not seen, and 45% for the 10-14 mm. (This does not include the effect of real gravitational segregation occurring in the preparation of benchmarking samples and in real blastpiles where small material will tend to fall away from surface views.)

 Application of a “correction-vector”, a value for each size-class to be multiplied by the raw number of fragments obtained with the image-process, is under investigation. Defining these values will obviously be an empirical process. Combining and fine-tuning these developments will require more experimental work. Further use of the 72-sample photo-library (Lu & Latham, 1996) exploited in this paper, could also play an important part in future refinements to FragScan.

2.4 PowerSieve

PowerSieve® was not designed to deliver a 3D distribution from the 2D surface distribution.  No image based system can measure the actual bulk fragmentation distribution, only extrapolate from the surface fragmentation using assumptions about the relationship between the surface expression (including biases relating to the probability of appearance at the surface) and the bulk content - an injected assumption that adds to the uncertainty in the measured distribution.  As such, PowerSieve® was designed to assess changes in the surface expression between different distributions of similar rock type and shape (Noy, 1997) with the assumption (unsupportable in practice) that the surface biases remain constant between distributions.  

The results obtained for PowerSieve® show that assessment of the change in distributions between samples has been quite good.  There was excellent agreement both in the trend and magnitude of the assessment of the characteristic size for the first five distributions shown in Figure 2, while the trend (in a broad sense) was well reproduced in the distributions with relatively constant (large) characteristic sizes.  The result for P59 (and to lesser extent P10, P01 and P29) was due to the uniformity being quite low and the characteristic size quite high such that the sample size for this distribution was insufficient to properly represent each fraction of the distribution on the surface in the right proportions.   A similar trend in the behaviour of other systems can be seen. 

The assessment of the uniformity index for each distribution shown in Figure 3 was also remarkably successful with only one anomaly related to sample P49
. Overall, PowerSieve® has followed the behaviour of the other systems across the ten distributions.  While it has tended to underestimate the characteristic size for the coarse distributions (for this rather small number of examples), it has performed very well on the finer distributions.  It is suggested that PowerSieve® might perform just as well on coarse distributions if given a sufficient sample size - such that results are not so dependant on the largest one or two particles. However, all systems will gain such benefits especially those employing a so-called zoom-merge data acquisition strategy.  

3 Results

3.1 Assumptions 

It may be argued that the particles exposed on the surfaces of the experimentally produced piles, as shown in the photos, are not a representative sample of the particles that make up the whole sieve-analysed sample in the tray. This problem of benchmarking computer systems and interpreting results from sample photographs of surfaces of blastpiles is well known, was commented upon by system inventors (Section 2 above) and has been widely discussed (e.g. Maerz, 1996). As the fill of the tray is shallow and the artificial piles are made with a dumping action, it may be assumed for the purpose of discussing results, that the surfaces are representative of the material in the tray in the same way that the surface of a pile of muck dumped in a truck is representative of the material in that truck. Although gravitational segregation effects are clearly apparent and some masking of greater amounts of finer material may be occurring, this sample bias is considered to be a minor influence when compared with the very apparent differences in the sieve size distributions of the various samples of tested materials.

3.2 General Results

General results of the different systems can be appreciated by plotting sieving results together with those predicted by the four systems. As the sieve analysis was made to conform to specific pairs of Rosin-Rammler coefficients, the various systems’ results have been summarised using these coefficients. The coefficients were obtained by linearised least squares regression of cumulative % passing values that include data points from the lowest size range accommodated by the system settings up to the first 100% passing size examined by the system concerned. The lowest percentage passing size considered by FragScan and PowerSieve was 10 mm, whereas for Split and WipFrag, it was nearly always 5 mm before fines correction and down to 1 mm after applying the correction. The results are given in Table 1.

[Insert Table 1]

The characteristic particle size Sc, in the photo series ranges from 20 to 65 mm. Results in Figure 2 indicate that PowerSieve gives generally lower Sc values than the other systems and notably good predictions for the case of small Sc photos, (including the wide gradation photo P67), but notably poor predictions of the larger Sc photos. For all the other systems, the general trend is to over-predict Sc for smaller Sc photos and to under-predict Sc for larger Sc photos. It is perhaps reasonable to expect this effect, since it may be assumed that the default setting of most systems will have been configured for an anticipated mean particle size (for the full set of 10 photographs) which, on cursory inspection, appears to be about 30 to 40 mm. Photographs with mean sizes well below and well above the assumed means for the photo series as a whole, are likely to generate some bias (which may be minimal) because the most accurate range of bin widths will be under-used. 

[Insert Figure 2] 

[Insert Figure 3]

The uniformity coefficient n, ranges from 0.5 to 1.75 in the photo series. There can be little doubt that the surface material sampled in the photos with a high uniformity index are indeed close to being representative of the sieved material, even if some doubt exists for photos with smaller n. Figure 3 shows clearly how FragScan consistently predicts a more uniform range of sizes than is present according to other systems, and by an amount equivalent to an increase in n, over and above the sieve value, of between 1 and 1.5. The photos with the most uniform sizes (ones with n = 1.75) in increasing order of Sc are P14, P09 and P01. For each of these photos, n-values are closely predicted by the three systems, PowerSieve, Split and WipFrag. For photos with n below 0.9, these three systems tend to predict only slightly higher uniformities than are present according to the sieve values, and thus it is likely that the amount of fine material masked behind larger pieces in these photos is reasonably typical of particulate surfaces and conditions for which the standard calibrations employed in this study would apply. 

The observed level of agreement and bivariate statistics for sets of sieve and system-predicted results for the ten photos are also shown in Figures 4 and 5 and given in Table 2. 

[Insert Table 2]

[Insert Figure 4]

It may be argued that it is also reasonable to look at the same overall statistical analysis of results when the photographs that yield outlier results e.g. P67 and P59 are excluded.  The rationale for this is that large areas of material of < 2 mm in P67 and P59 appear to have been treated in various different ways: by automated settings that combine these fines into a single coarse particle, by automated settings that attribute these fines to fine material below resolution, by manually edit removal prior to the automated analysis as these fines are presumed to be the base area of the tray containing no particles. Removal of the P67 photo from the group analysis has a large influence on the apparent performance of the Split system. 

In summary, the FragScan system gives the most correlated predictions for Sc and n as shown by high R2 and low standard errors for the regression. The Fragscan SS values for Sc are also the lowest, suggesting FragScan is a good predictor of the Sc sieve value. However, as is also apparent from Figures 3 and 5, SS values for n indicate FragScan is a poor predictor of the complete sieve size distribution. This suggests that simple further refinements to the FragScan system might lead to an improved prediction of sieve results for the whole grading. WipFrag is generally the next best predictor of the sieve Sc values. However, with the two low uniformity outlier photos excluded, there is generally little difference between Split and WipFrag overall and, Split would appear nearly as good as FragScan for predicting the sieve Sc values.

3.3 Detailed Results

To look at the results in more detail, the histograms and cumulative curves for each photo produced by each system have been examined. In order to present such curves and histograms, it was considered necessary to obtain the histogram analysis using the same bin size intervals that were used in the original sieve analysis. PowerSieve was not able to provide such a reanalysis at these desired sizes. The PowerSieve histogram results were therefore converted by linear interpolation from the 10-20, 20-30, 30-40 mm etc. bins to 10-14, 14-20, 20-31.5 mm etc. bins.  No attempt has been made to interpolate PowerSieve values into intervals below 10 mm and the PowerSieve histogram entries are left blank for these small size intervals.  The three remaining systems were able to generate histogram data from the photos using the same size intervals as in the original sieve analysis. Note, the Split operators resubmitted a set of results using their original grain delineation files but at the correct scale unit of 100 mm which had erroneously been given as 50 mm in their first analysis. Some small changes from their original Fragblast 6 workshop results were detected in the resulting Rosin-Rammler coefficients, as shown in Figure 6. These changes do not compromise the integrity of the blind comparison, as suggested by Figure 6, which shows there has been no reworking to improve predictions. 

[Insert Figure 6]

A selection of histogram results corresponding to the photos in Figure 1 is shown in Figure 7. The results displayed in histogram form show the weight fraction in each size interval. This enables a direct consideration of the size intervals that give a good agreement with the sieve analysis, for each system. To bring out more clearly the effect of the fines corrections, results are presented with and without the fines corrections for the Split and WipFrag systems. Figure 8 provides further means for comparing histogram results with those from the sieve analysis. (However, note that PowerSieve results are spurious for intervals <10 mm in this figure owing to the zero entry shown in Figure 7). The cumulative (PSD) curves are given in Figure 9.

[Insert Figure 7, Insert Figure 8, Insert Figure 9]
3.4 Discussion of individual photos

P09

In P09, the fines corrected SplitC results follow remarkably close to the sieve analysis throughout while WipFragC is also close but over predicts the percentage in the coarser size intervals. Powersieve is remarkably close to the sieve analysis in all size intervals below 63 mm. Below 20 mm, FragScan steadily under-predicts the percentage below 20 mm and over-predicts above 20 mm. Both Wipfrag, and to a greater extent Split, without the fines corrections, are similar to the FragScan results.

P10

In P10, a slightly coarser and wider sample grading, WipfragC and SplitC both give excellent predictions. Powersieve consistently over-predicts the 10 to 30 mm percentages. Fragscan over-predicts the percentages in the 90 to 125 mm range a little more than the other uncorrected systems but is broadly similar to them.

P14

This is a good test for a uniform size distribution. Wipfrag and WipfragC appear to overestimate the percentage in the ranges 30 to 90 mm whereas for some reason, the Split and SplitC over-prediction is less marked. Powersieve has remarkable success with this image. Fragscan attributes far too much to the 30 to 63 mm ranges but correctly shows no material above 63 mm.

P29

Curiously, the uncorrected versions of Split and WipFrag perform best in different parts of the size spectrum. This widely graded coarse sample illustrates the effectiveness of both the fines corrected WipfragC and SplitC (especially if a single coarsest interval of >90 mm is introduced, which can be justified in this case because of the two blocks of about 125 mm in the photo). PowerSieve consistently over-predicts the percentages in all intervals from 10 to 63 mm.  FragScan consistently under-predicts for all small size intervals up 20 mm and thereafter over-predicts.

P46

P46 is a wide grading of smaller sizes, where the PowerSieve and WipfragC predictions are remarkable throughout all size intervals. Fragscan greatly over-predicts the percentage of material in the 30 to 63 mm intervals, as does the uncorrected and corrected Split.

4 concluding remarks

It would be unwise to single out particular systems in the conclusions as all four systems have particular merits not to be dismissed. The user of automated size analysis systems will benefit from studying these results and the warnings implied by the extent of errors and the variability of any one system’s performance in assessing ten widely differing images. Depending on the objective, be it tracking a shift in Sc during production, accurate determination of either S10, S50, Sc or S95, or, accurate absolute determination of gradings varying from extremes of large and small Sc as well as narrow and wide gradings, the results presented in this paper will point towards the favoured operating systems. Whereas all systems can track relative shifts in Sc for narrow gradings, accurate logging of the whole sieve curve in a production sample that varies considerably from one subsample to the next is much more challenging. Application specific calibration is invariably recommended by the system inventors but this may be an unrealistic luxury for many users. The acid test of future systems promoting their versatility will be based on their proven ability to discriminate small absolute changes in distributions, whether wide or narrow. However, factors such as the degree of gravity segregation expected which is likely to be different on conveyed sample surfaces compared with muckpile surfaces should not be neglected. 
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Figure Captions (including appendix figures)
Figure 1. Sieve analysis. P09: Sc = 40 mm, n = 1.75;  P10: Sc = 60 mm, n = 1.35;  

P14: Sc = 20 mm, n = 1.75;  P29: Sc = 65 mm, n = 0.9;  P46: Sc = 30 mm, n = 0.9

Figure 2. Characteristic size Sc, from direct sieve results compared with predictions from four systems


Figure 3. Uniformity Coefficient n, from direct sieve results compared with predictions from four systems

Figure 4. Scatter plot of Sc values as predicted versus Sc values from sieve analysis


Figure 5. Scatter plot of n values as predicted versus n values from sieve analysis

Figure 6. Plot showing small changes in the Split results from the results originally reported at the Fragblast 6 workshop (Split Init) and those reported in this paper

Figure 7. Selected size analysis results presented in histogram form

Figure 8. System prediction minus sieve analysis for the percentage-by-weight within each size interval

Figure 9. Predicted and sieve analysis PSD curves for selected photos, together with sieve analysis PSD curves for all ten photos

Appendix Figures Captions (these figures to be inserted at end of paper)

Figure A1. Ten photos selected from the photo library for the comparison study together with their sieve analyses as given in the following table:

	photo
	n
	Sc
	photo
	n
	Sc

	P01
	1.75
	65
	P09
	1.75
	40

	P10
	1.35
	60
	P14
	1.75
	25

	P29
	0.9
	65
	P32
	1.35
	20

	P46
	0.9
	30
	P49
	0.7
	55

	P59
	0.5
	65
	P67
	0.5
	35


Figure A2. Complete PSD curve results for all ten photographs analysed

Table 1. Rosin-Rammler coefficients determined by image analysis of ten photographs using four different systems.

	Photo
	Sieve

	FragScan

	PowerSieve

	Split
fines corrected
	WipFrag
fines corrected

	
	n
	Sc
	n
	Sc
	n
	Sc
	n
	Sc
	n
	Sc

	P32
	1.35
	20
	2.3
	32
	1.69
	22
	1.61
	27
	1.55
	34

	P14
	1.75
	25
	2.9
	28
	1.69
	22
	1.87
	29
	1.59
	37

	P46
	0.9
	30
	2.1
	44
	1.02
	32
	1.14
	49
	0.89
	41

	P67
	0.5
	35
	2
	52
	0.66
	30
	0.92
	78
	0.68
	55

	P09
	1.75
	40
	2.8
	42
	1.6
	34
	1.63
	38
	1.75
	51

	P49
	0.7
	55
	2.1
	58
	1.72
	50
	0.82
	58
	1.08
	62

	P10
	1.35
	60
	2.4
	60
	1.49
	42
	1.21
	60
	1.43
	52

	P01
	1.75
	65
	2.8
	54
	1.72
	50
	1.95
	56
	1.95
	69

	P29
	0.9
	65
	2.1
	62
	1.12
	48
	0.89
	63
	1.05
	62

	P59
	0.5
	65
	2
	66
	0.66
	32
	0.7
	56
	0.61
	50


Table 2. Statistic indicators of the agreement between Rosin-Rammler coefficients determined by image analysis systems and those from direct sieving analysis

	Statistic
	FragScan
	PowerSieve
	Split
	WipFrag

	
	n
	Sc
	n
	Sc
	n
	Sc
	n
	Sc

	R2
	0.956
	0.901
	0.775
	0.825
	0.939
	0.592
	0.959
	0.815

	Std. Error
	0.111
	5.91
	0.292
	6.42
	0.166
	13.65
	0.139
	7.00

	SS

=(xp-xs)2
	14.87
	782
	1.32
	2030
	0.44
	2454
	0.32
	1345

	SS*

=(xp-xs)2
	10.37
	492
	1.27
	916
	0.29
	524
	0.28
	720


Note: The R2 correlation coefficient is given by covariance divided by the product of the standard deviations and assesses the correlation, not the absolute prediction. Standard error (Std Error) is given for a linear regression model that allows an intercept. Forcing the regression through the origin may be considered more meaningful. The sum of the squares (SS) given is that for the differences between the system prediction value and the sieve value. SS* is that based on eight photos that exclude P59 and P67 (see text).
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 Figure 2. Characteristic size Sc, from direct sieve results compared with predictions from four systems.
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Figure 3. Uniformity Coefficient n, from direct sieve results compared with predictions from four systems.
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Figure 4. Scatter plot of Sc values as predicted versus Sc values from sieve analysis. Note in-filled square is for coincident FragScan and Split results.
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Figure 5. Scatter plot of n values as predicted versus n values from sieve analysis.

Figure 6. Plot showing small changes in the Split results from the results originally reported at the Fragblast 6 workshop (Split Init) and those reported in this paper.
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Comparative Scatter plot of n (actual sieved)  versus n ( predicted)
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		P14		1.75		25		2.9		28		1.69		22		1.87		29		1.59		37						1.91		29		1.87		28.5915207456

		P10		1.35		60		2.4		60		1.49		42		1.21		60		1.43		52						1.21		60		1.21		59.6446286083

		P32		1.35		20		2.3		32		1.69		22		1.61		27		1.55		34						1.65		27		1.612		27.4896505012

		P29		0.9		65		2.1		62		1.12		48		0.89		63		1.05		62						0.86		61		0.89		63.4917681835

		P46		0.9		30		2.1		44		1.02		32		1.14		49		0.89		41						1.06		47		1.14		48.6258056861

		P49		0.7		55		2.1		58		1.72		50		0.82		58		1.08		62						0.79		56		0.82		57.6322075106

		P59		0.5		65		2		66		0.66		32		0.7		56		0.61		50						0.67		52		0.7		55.6221209862

		P67		0.5		35		2		52		0.66		30		0.92		78		0.68		55						0.85		73		0.92		77.5121664011

				Sieve				Fragscan				PowerSieve				Split				Wipfrag

				n		Sc		n		Sc		n		Sc		n		Sc		n		Sc

		P59		0.5		65		2		66		0.66		32		0.7		56		0.61		50		0.5

		P67		0.5		35		2		52		0.66		30		0.92		78		0.68		55		1

		P49		0.7		55		2.1		58		1.72		50		0.82		58		1.08		62		1.5

		P29		0.9		65		2.1		62		1.12		48		0.89		63		1.05		62		2

		P46		0.9		30		2.1		44		1.02		32		1.14		49		0.89		41		2.5

		P10		1.35		60		2.4		60		1.49		42		1.21		60		1.43		52		3

		P32		1.35		20		2.3		32		1.69		22		1.61		27		1.55		34		3.5

		P01		1.75		65		2.8		54		1.72		50		1.95		56		1.95		69		4

		P09		1.75		40		2.8		42		1.6		34		1.63		38		1.75		51		4.5

		P14		1.75		25		2.9		28		1.69		22		1.87		29		1.59		37		5

				Sieve				Fragscan				PowerSieve				Split				Wipfrag

				n		Sc		n		Sc		n		Sc		n		Sc		n		Sc

		P32		1.35		20		2.3		32		1.69		22		1.61		27		1.55		34		0.5

		P14		1.75		25		2.9		28		1.69		22		1.87		29		1.59		37		1

		P46		0.9		30		2.1		44		1.02		32		1.14		49		0.89		41		1.5

		P67		0.5		35		2		52		0.66		30		0.92		78		0.68		55		2

		P09		1.75		40		2.8		42		1.6		34		1.63		38		1.75		51		2.5

		P49		0.7		55		2.1		58		1.72		50		0.82		58		1.08		62		3

		P10		1.35		60		2.4		60		1.49		42		1.21		60		1.43		52		3.5

		P01		1.75		65		2.8		54		1.72		50		1.95		56		1.95		69		4

		P29		0.9		65		2.1		62		1.12		48		0.89		63		1.05		62		4.5

		P59		0.5		65		2		66		0.66		32		0.7		56		0.61		50		5
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		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.6861413707

		R Square		0.4707899806

		Adjusted R Square		0.3596788695

		Standard Error		7.803488508

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		487.5501039501		487.5501039501		8.0064807368		0.0221647899

		Residual		9		548.0498960499		60.8944328944

		Total		10		1035.6

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		0

		X Variable 1		0.7517671518		0.0503189135		14.940051366		0.0000001168		0.6379377745		0.865596529		0.6379377745		0.865596529

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		15.0353430353		6.9646569647

		2		18.7941787942		3.2058212058

		3		22.553014553		9.446985447

		4		26.3118503119		3.6881496881

		5		30.0706860707		3.9293139293

		6		41.3471933472		8.6528066528

		7		45.106029106		-3.106029106

		8		48.8648648649		1.1351351351

		9		48.8648648649		-0.8648648649

		10		48.8648648649		-16.8648648649
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						Sieve				Fragscan								PowerSieve								Split								Wipfrag

						n		Sc		n				Sc				n				Sc				n				Sc				n				Sc

		316.84		P32		1.35		20		2.3		0.9025		32		144		1.69		0.1156		22		4		1.61		0.0676		27		49.0		1.55		0.04		34		196		0.5

		475.24		P14		1.75		25		2.9		1.3225		28		9		1.69		0.0036		22		9		1.87		0.0144		29		16.0		1.59		0.0256		37		144		1

		33.64		P46		0.9		30		2.1		1.44		44		196		1.02		0.0144		32		4		1.14		0.0576		49		361.0		0.89		0.0001		41		121		1.5

		60.84		P09		1.75		40		2.8		1.1025		42		4		1.6		0.0225		34		36		1.63		0.0144		38		4.0		1.75		0		51		121		2.5

		67.24		P49		0.7		55		2.1		1.96		58		9		1.72		1.0404		50		25		0.82		0.0144		58		9.0		1.08		0.1444		62		49		3

		104.04		P10		1.35		60		2.4		1.1025		60		0		1.49		0.0196		42		324		1.21		0.0196		60		0.0		1.43		0.0064		52		64		3.5

		17.64		P01		1.75		65		2.8		1.1025		54		121		1.72		0.0009		50		225		1.95		0.04		56		81.0		1.95		0.04		69		16		4

		148.84		P29		0.9		65		2.1		1.44		62		9		1.12		0.0484		48		289		0.89		0.0001		63		4.0		1.05		0.0225		62		9		4.5

		1224.32										10.3725		380		492				1.2654				916				0.2281				524.0				0.279				720

				all data Sc				20		32				20		22				20		27				20		34						SUMMARY OUTPUT				Fragscan , with intercept																												SUMMARY OUTPUT																																SUMMARY OUTPUT				Split with intercept																												SUMMARY OUTPUT				Wipfrag with intercept

								25		28				25		22				25		29				25		37

								30		44				30		32				30		49				30		41						Regression Statistics																																Regression Statistics																																Regression Statistics																																Regression Statistics

								35		52				35		30				35		78				35		55						Multiple R		0.9016349454																														Multiple R		0.8254357324																														Multiple R		0.5865990976																														Multiple R		0.8147659424

								40		42				40		34				40		38				40		51						R Square		0.8129455748																														R Square		0.6813441483																														R Square		0.3440985013																														R Square		0.6638435409

								55		58				55		50				55		58				55		62						Adjusted R Square		0.7895637717																														Adjusted R Square		0.6415121669																														Adjusted R Square		0.262110814																														Adjusted R Square		0.6218239835

								60		60				60		42				60		60				60		52						Standard Error		5.9056157662																														Standard Error		6.4226162893																														Standard Error		13.6521115442																														Standard Error		7.0059292733

								65		54				65		50				65		56				65		69						Observations		10																														Observations		10																														Observations		10																														Observations		10

								65		62				65		48				65		63				65		62

								65		66				65		32				65		56				65		50						ANOVA																																ANOVA																																ANOVA																																ANOVA

																																				df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F

								Fragscan		Column 1		Column 2		Powersieve		Column 1		Column 2		Split		Column 1		Column 2		Wipfrag		Column 1		Column 2				Regression		1		1212.5896193772		1212.5896193772		34.7683012129		0.0003631898																						Regression		1		705.6		705.6		17.1054545455		0.0032718991																						Regression		1		782.2287985504		782.2287985504		4.1969533781		0.0746648896																						Regression		1		775.4356401384		775.4356401384		15.7984420162		0.0040917786

								Column 1		1				Column 1		1				Column 1		1				Column 1		1						Residual		8		279.0103806228		34.8762975779																										Residual		8		330		41.25																										Residual		8		1491.0411969302		186.3801496163																										Residual		8		392.6643598616		49.0830449827

								Column 2		0.9016349454		5.9056157662		Column 2		0.8254357324		6.4226162893		Column 2		0.5920597016		13.6521115442		Column 2		0.8147659424		7.0059292733				Total		9		1491.6																												Total		9		1035.6																												Total		9		2273.2699954806																												Total		9		1168.1

										Column 1		Column 2				Column 1		Column 2				Column 1		Column 2				Column 1		Column 2

								Column 1		1				Column 1		1				Column 1		1				Column 1		1								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

								Column 2		0.9383245782		1		Column 2		0.9537631383		1		Column 2		0.9044361579		1		Column 2		0.8652640184		1				Intercept		20.0034602076		5.3873328192		3.7130544704		0.005930262		7.580240415		32.4266800002		7.580240415		32.4266800002																Intercept		13.4705882353		5.8589608418		2.2991429025		0.0505384043		-0.040208431		26.9813849016		-0.040208431		26.9813849016																Intercept		27.4231567729		12.4539881166		2.20195784		0.0588140672		-1.2958098958		56.1421234416		-1.2958098958		56.1421234416																Intercept		27.4723183391		6.391081675		4.2985397052		0.0026209235		12.7344480374		42.2101886408		12.7344480374		42.2101886408

																																		X Variable 1		0.6477508651		0.1098540989		5.8964651456		0.0003631898		0.394426695		0.9010750351		0.394426695		0.9010750351																X Variable 1		0.4941176471		0.119471153		4.1358740969		0.0032718991		0.218616496		0.7696187981		0.218616496		0.7696187981																X Variable 1		0.520257056		0.2539515726		2.0486467187		0.0746648896		-0.0653566994		1.1058708114		-0.0653566994		1.1058708114																X Variable 1		0.5179930796		0.1303217272		3.9747254014		0.0040917786		0.2174704433		0.8185157158		0.2174704433		0.8185157158

				all data n				1.35		2.3				1.35		1.69				1.35		1.61				1.35		1.55

								1.75		2.9				1.75		1.69				1.75		1.87				1.75		1.59

								0.9		2.1				0.9		1.02				0.9		1.14				0.9		0.89						RESIDUAL OUTPUT																																RESIDUAL OUTPUT																																RESIDUAL OUTPUT																																RESIDUAL OUTPUT

								0.5		2				0.5		0.66				0.5		0.92				0.5		0.68

								1.75		2.8				1.75		1.6				1.75		1.63				1.75		1.75						Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals

								0.7		2.1				0.7		1.72				0.7		0.82				0.7		1.08						1		32.9584775087		-0.9584775087																												1		23.3529411765		-1.3529411765																												1		37.8282978934		-10.3386473922																												1		37.8321799308		-3.8321799308

								1.35		2.4				1.35		1.49				1.35		1.21				1.35		1.43						2		36.1972318339		-8.1972318339																												2		25.8235294118		-3.8235294118																												2		40.4295831735		-11.8380624279																												2		40.4221453287		-3.4221453287

								1.75		2.8				1.75		1.72				1.75		1.95				1.75		1.95						3		39.4359861592		4.5640138408																												3		28.2941176471		3.7058823529																												3		43.0308684536		5.5949372325																												3		43.0121107266		-2.0121107266

								0.9		2.1				0.9		1.12				0.9		0.89				0.9		1.05						4		42.6747404844		9.3252595156																												4		30.7647058824		-0.7647058824																												4		45.6321537337		32.3678462663																												4		45.6020761246		9.3979238754

								0.5		2				0.5		0.66				0.5		0.7				0.5		0.61						5		45.9134948097		-3.9134948097																												5		33.2352941176		0.7647058824																												5		48.2334390139		-9.9630372116																												5		48.1920415225		2.8079584775

																																		6		55.6297577855		2.3702422145																												6		40.6470588235		9.3529411765																												6		56.0372948542		1.5949126564																												6		55.9619377163		6.0380622837

										Column 1		Column 2				Column 1		Column 2				Column 1		Column 2				Column 1		Column 2				7		58.8685121107		1.1314878893																												7		43.1176470588		-1.1176470588																												7		58.6385801343		1.006048474																												7		58.5519031142		-6.5519031142

								Column 1		1				Column 1		1				Column 1		1				Column 1		1						8		62.107266436		-8.107266436																												8		45.5882352941		4.4117647059																												8		61.2398654145		-5.0581559381																												8		61.1418685121		7.8581314879

								Column 2		0.9561581514		0.110790918		Column 2		0.7744715871		0.2915675906		Column 2		0.9393862031		0.1663069509		Column 2		0.9585981505		0.1391538273				9		62.107266436		-0.107266436																												9		45.5882352941		2.4117647059																												9		61.2398654145		2.251902769																												9		61.1418685121		0.8581314879

																																		10		62.107266436		3.892733564																												10		45.5882352941		-13.5882352941																												10		61.2398654145		-5.6177444283																												10		61.1418685121		-11.1418685121

																																																																																																		SUMMARY OUTPUT				Split zero intercept																												SUMMARY OUTPUT				Wipfrag zero intercept

																																		SUMMARY OUTPUT				Fragscan zero intercept																												SUMMARY OUTPUT				Powersieve zero intercept

																																																																																																		Regression Statistics																																Regression Statistics

																																		Regression Statistics																																Regression Statistics																																Multiple R		65535																														Multiple R		65535

																																		Multiple R		0.7004184112																														Multiple R		0.6861413707																														R Square		-0.0534285023																														R Square		-0.1125704607

																																		R Square		0.4905859508																														R Square		0.4707899806																														Adjusted R Square		-0.1645396134																														Adjusted R Square		-0.2236815718

																																		Adjusted R Square		0.3794748397																														Adjusted R Square		0.3596788695																														Standard Error		16.3119840287																														Standard Error		12.0166253124

																																		Standard Error		9.1884105495																														Standard Error		7.803488508																														Observations		10																														Observations		10

																																		Observations		10																														Observations		10

																																																																																																		ANOVA																																ANOVA

																																		ANOVA																																ANOVA																																		df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F

																																				df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F																						Regression		1		-121.45741108		-121.45741108		-0.4564681127																								Regression		1		-131.4935550936		-131.4935550936		-0.9106247035

																																		Regression		1		731.758004158		731.758004158		8.6673572578		0.0185944514																						Regression		1		487.5501039501		487.5501039501		8.0064807368		0.0221647899																						Residual		9		2394.7274065606		266.0808229512																										Residual		9		1299.5935550936		144.3992838993

																																		Residual		9		759.841995842		84.4268884269																										Residual		9		548.0498960499		60.8944328944																										Total		10		2273.2699954806																												Total		10		1168.1

																																		Total		10		1491.6																												Total		10		1035.6

																																																																																																				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

																																				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																Intercept		0																														Intercept		0

																																		Intercept		0																														Intercept		0																														X Variable 1		1.0447748155		0.1051838946		9.9328401894		0.0000037846		0.8068321336		1.2827174974		0.8068321336		1.2827174974																X Variable 1		1.0434511435		0.0774863099		13.4662644822		0.0000002868		0.8681647988		1.2187374881		0.8681647988		1.2187374881

																																		X Variable 1		1.0303534304		0.0592492492		17.390151676		0.000000031		0.8963222147		1.164384646		0.8963222147		1.164384646																X Variable 1		0.7517671518		0.0503189135		14.940051366		0.0000001168		0.6379377745		0.865596529		0.6379377745		0.865596529

																																																																																																		RESIDUAL OUTPUT																																RESIDUAL OUTPUT

																																		RESIDUAL OUTPUT																																RESIDUAL OUTPUT

																																																																																																		Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals

																																		Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals																												1		20.8954963101		6.594154191																												1		20.869022869		13.130977131

																																		1		20.6070686071		11.3929313929																												1		15.0353430353		6.9646569647																												2		26.1193703876		2.4721503579																												2		26.0862785863		10.9137214137

																																		2		25.7588357588		2.2411642412																												2		18.7941787942		3.2058212058																												3		31.3432444652		17.2825612209																												3		31.3035343035		9.6964656965

																																		3		30.9106029106		13.0893970894																												3		22.553014553		9.446985447																												4		36.5671185427		41.4328814573																												4		36.5207900208		18.4792099792

																																		4		36.0623700624		15.9376299376																												4		26.3118503119		3.6881496881																												5		41.7909926202		-3.520590818																												5		41.738045738		9.261954262

																																		5		41.2141372141		0.7858627859																												5		30.0706860707		3.9293139293																												6		57.4626148528		0.1695926578																												6		57.3898128898		4.6101871102

																																		6		56.6694386694		1.3305613306																												6		41.3471933472		8.6528066528																												7		62.6864889303		-3.041860322																												7		62.6070686071		-10.6070686071

																																		7		61.8212058212		-1.8212058212																												7		45.106029106		-3.106029106																												8		67.9103630079		-11.7286535315																												8		67.8243243243		1.1756756757

																																		8		66.972972973		-12.972972973																												8		48.8648648649		1.1351351351																												9		67.9103630079		-4.4185948244																												9		67.8243243243		-5.8243243243

																																		9		66.972972973		-4.972972973																												9		48.8648648649		-0.8648648649																												10		67.9103630079		-12.2882420217																												10		67.8243243243		-17.8243243243

																																		10		66.972972973		-0.972972973																												10		48.8648648649		-16.8648648649

																																		SUMMARY OUTPUT																																SUMMARY OUTPUT																																SUMMARY OUTPUT																																SUMMARY OUTPUT

																																		Regression Statistics																																Regression Statistics																																Regression Statistics																																Regression Statistics

																																		Multiple R		0.9561581514																														Multiple R		0.7744715871																														Multiple R		0.9393862031																														Multiple R		0.9585981505

																																		R Square		0.9142384104																														R Square		0.5998062392																														R Square		0.8824464386																														R Square		0.9189104142

																																		Adjusted R Square		0.9035182117																														Adjusted R Square		0.5497820191																														Adjusted R Square		0.8677522434																														Adjusted R Square		0.9087742159

																																		Standard Error		0.110790918																														Standard Error		0.2915675906																														Standard Error		0.1663069509																														Standard Error		0.1391538273

																																		Observations		10																														Observations		10																														Observations		10																														Observations		10

																																		ANOVA																																ANOVA																																ANOVA																																ANOVA

																																				df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F

																																		Regression		1		1.04680298		1.04680298		85.2818531133		0.0000153285																						Regression		1		1.019316721		1.019316721		11.9903166512		0.0085337876																						Regression		1		1.6609759846		1.6609759846		60.0540844852		0.000054868																						Regression		1		1.7554496988		1.7554496988		90.6563184017		0.0000122269

																																		Residual		8		0.09819702		0.0122746275																										Residual		8		0.680093279		0.0850116599																										Residual		8		0.2212640154		0.0276580019																										Residual		8		0.1549103012		0.0193637877

																																		Total		9		1.145																												Total		9		1.69941																												Total		9		1.88224																												Total		9		1.91036

																																				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

																																		Intercept		1.5829027763		0.0901520102		17.5581528699		0.0000001131		1.3750117336		1.790793819		1.3750117336		1.790793819																Intercept		0.5800407332		0.2372523387		2.4448261982		0.0402602956		0.0329355053		1.1271459611		0.0329355053		1.1271459611																Intercept		0.3077275163		0.1353261279		2.2739697142		0.052563746		-0.004335296		0.6197903286		-0.004335296		0.6197903286																Intercept		0.2646275056		0.1132312782		2.3370530637		0.0476343203		0.003515541		0.5257394702		0.003515541		0.5257394702

																																		X Variable 1		0.6699539072		0.0725465242		9.234817438		0.0000153285		0.5026612141		0.8372466003		0.5026612141		0.8372466003																X Variable 1		0.6610997963		0.1909201193		3.4627036621		0.0085337876		0.220836927		1.1013626657		0.220836927		1.1013626657																X Variable 1		0.8439060993		0.1088987389		7.7494570445		0.000054868		0.5927849947		1.0950272039		0.5927849947		1.0950272039																X Variable 1		0.8675742309		0.0911187188		9.5213611633		0.0000122269		0.6574539526		1.0776945092		0.6574539526		1.0776945092

																																		RESIDUAL OUTPUT																																RESIDUAL OUTPUT																																RESIDUAL OUTPUT																																RESIDUAL OUTPUT

																																		Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals

																																		1		2.487340551		-0.187340551																												1		1.4725254582		0.2174745418																												1		1.4470007503		0.1629992497																												1		1.4358527173		0.1141472827

																																		2		2.7553221138		0.1446778862																												2		1.7369653768		-0.0469653768																												2		1.7845631901		0.0854368099																												2		1.7828824097		-0.1928824097

																																		3		2.1858612927		-0.0858612927																												3		1.1750305499		-0.1550305499																												3		1.0672430057		0.0727569943																												3		1.0454443134		-0.1554443134

																																		4		1.9178797299		0.0821202701																												4		0.9105906314		-0.2505906314																												4		0.729680566		0.190319434																												4		0.6984146211		-0.0184146211

																																		5		2.7553221138		0.0446778862																												5		1.7369653768		-0.1369653768																												5		1.7845631901		-0.1545631901																												5		1.7828824097		-0.0328824097

																																		6		2.0518705113		0.0481294887																												6		1.0428105906		0.6771894094																												6		0.8984617858		-0.0784617858																												6		0.8719294673		0.2080705327

																																		7		2.487340551		-0.087340551																												7		1.4725254582		0.0174745418																												7		1.4470007503		-0.2370007503																												7		1.4358527173		-0.0058527173

																																		8		2.7553221138		0.0446778862																												8		1.7369653768		-0.0169653768																												8		1.7845631901		0.1654368099																												8		1.7828824097		0.1671175903

																																		9		2.1858612927		-0.0858612927																												9		1.1750305499		-0.0550305499																												9		1.0672430057		-0.1772430057																												9		1.0454443134		0.0045556866

																																		10		1.9178797299		0.0821202701																												10		0.9105906314		-0.2505906314																												10		0.729680566		-0.029680566																												10		0.6984146211		-0.0884146211

								Sieve				Fragscan								PowerSieve								Split								Wipfrag

								n		Sc		n				Sc				n				Sc				n				Sc				n				Sc

				316.84		P32		1.35		20		2.3		0.9025		32		144		1.69		0.1156		22		4		1.61		0.0676		27		49.0		1.55		0.04		34		196

				475.24		P14		1.75		25		2.9		1.3225		28		9		1.69		0.0036		22		9		1.87		0.0144		29		16.0		1.59		0.0256		37		144

				33.64		P46		0.9		30		2.1		1.44		44		196		1.02		0.0144		32		4		1.14		0.0576		49		361.0		0.89		0.0001		41		121

				4.84		P67		0.5		35		2		2.25		52		289		0.66		0.0256		30		25		0.92		0.1764		78		1849.0		0.68		0.0324		55		400

				60.84		P09		1.75		40		2.8		1.1025		42		4		1.6		0.0225		34		36		1.63		0.0144		38		4.0		1.75		0		51		121

				67.24		P49		0.7		55		2.1		1.96		58		9		1.72		1.0404		50		25		0.82		0.0144		58		9.0		1.08		0.1444		62		49

				104.04		P10		1.35		60		2.4		1.1025		60		0		1.49		0.0196		42		324		1.21		0.0196		60		0.0		1.43		0.0064		52		64

				17.64		P01		1.75		65		2.8		1.1025		54		121		1.72		0.0009		50		225		1.95		0.04		56		81.0		1.95		0.04		69		16
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Sheet1

				Sieve				Fragscan				PowerSieve				Split				Wipfrag								Split Init				Split

				n		Sc		n		Sc		n		Sc		n		Sc		n		Sc						n		Sc		n		Sc

		P01		1.75		65		2.8		54		1.72		50		1.95		56		1.95		69						1.92		57		1.95		56.1817094763

		P09		1.75		40		2.8		42		1.6		34		1.63		38		1.75		51						1.67		39		1.63		38.2704018022

		P14		1.75		25		2.9		28		1.69		22		1.87		29		1.59		37						1.91		29		1.87		28.5915207456

		P10		1.35		60		2.4		60		1.49		42		1.21		60		1.43		52						1.21		60		1.21		59.6446286083

		P32		1.35		20		2.3		32		1.69		22		1.61		27		1.55		34						1.65		27		1.612		27.4896505012

		P29		0.9		65		2.1		62		1.12		48		0.89		63		1.05		62						0.86		61		0.89		63.4917681835

		P46		0.9		30		2.1		44		1.02		32		1.14		49		0.89		41						1.06		47		1.14		48.6258056861

		P49		0.7		55		2.1		58		1.72		50		0.82		58		1.08		62						0.79		56		0.82		57.6322075106

		P59		0.5		65		2		66		0.66		32		0.7		56		0.61		50						0.67		52		0.7		55.6221209862

		P67		0.5		35		2		52		0.66		30		0.92		78		0.68		55						0.85		73		0.92		77.5121664011

				Sieve				Fragscan				PowerSieve				Split				Wipfrag

				n		Sc		n		Sc		n		Sc		n		Sc		n		Sc

		P59		0.5		65		2		66		0.66		32		0.7		56		0.61		50		0.5

		P67		0.5		35		2		52		0.66		30		0.92		78		0.68		55		1

		P49		0.7		55		2.1		58		1.72		50		0.82		58		1.08		62		1.5

		P29		0.9		65		2.1		62		1.12		48		0.89		63		1.05		62		2

		P46		0.9		30		2.1		44		1.02		32		1.14		49		0.89		41		2.5

		P10		1.35		60		2.4		60		1.49		42		1.21		60		1.43		52		3

		P32		1.35		20		2.3		32		1.69		22		1.61		27		1.55		34		3.5

		P01		1.75		65		2.8		54		1.72		50		1.95		56		1.95		69		4

		P09		1.75		40		2.8		42		1.6		34		1.63		38		1.75		51		4.5

		P14		1.75		25		2.9		28		1.69		22		1.87		29		1.59		37		5

				Sieve				Fragscan				PowerSieve				Split				Wipfrag

				n		Sc		n		Sc		n		Sc		n		Sc		n		Sc

		P32		1.35		20		2.3		32		1.69		22		1.61		27		1.55		34		0.5

		P14		1.75		25		2.9		28		1.69		22		1.87		29		1.59		37		1

		P46		0.9		30		2.1		44		1.02		32		1.14		49		0.89		41		1.5

		P67		0.5		35		2		52		0.66		30		0.92		78		0.68		55		2

		P09		1.75		40		2.8		42		1.6		34		1.63		38		1.75		51		2.5

		P49		0.7		55		2.1		58		1.72		50		0.82		58		1.08		62		3

		P10		1.35		60		2.4		60		1.49		42		1.21		60		1.43		52		3.5

		P01		1.75		65		2.8		54		1.72		50		1.95		56		1.95		69		4

		P29		0.9		65		2.1		62		1.12		48		0.89		63		1.05		62		4.5

		P59		0.5		65		2		66		0.66		32		0.7		56		0.61		50		5
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		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.6861413707

		R Square		0.4707899806

		Adjusted R Square		0.3596788695

		Standard Error		7.803488508

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		487.5501039501		487.5501039501		8.0064807368		0.0221647899

		Residual		9		548.0498960499		60.8944328944

		Total		10		1035.6

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		0

		X Variable 1		0.7517671518		0.0503189135		14.940051366		0.0000001168		0.6379377745		0.865596529		0.6379377745		0.865596529

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		15.0353430353		6.9646569647

		2		18.7941787942		3.2058212058

		3		22.553014553		9.446985447

		4		26.3118503119		3.6881496881

		5		30.0706860707		3.9293139293

		6		41.3471933472		8.6528066528

		7		45.106029106		-3.106029106

		8		48.8648648649		1.1351351351

		9		48.8648648649		-0.8648648649

		10		48.8648648649		-16.8648648649
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						Sieve				Fragscan								PowerSieve								Split								Wipfrag

						n		Sc		n				Sc				n				Sc				n				Sc				n				Sc

		316.84		P32		1.35		20		2.3		0.9025		32		144		1.69		0.1156		22		4		1.61		0.0676		27		49.0		1.55		0.04		34		196		0.5

		475.24		P14		1.75		25		2.9		1.3225		28		9		1.69		0.0036		22		9		1.87		0.0144		29		16.0		1.59		0.0256		37		144		1

		33.64		P46		0.9		30		2.1		1.44		44		196		1.02		0.0144		32		4		1.14		0.0576		49		361.0		0.89		0.0001		41		121		1.5

		4.84		P67		0.5		35		2		2.25		52		289		0.66		0.0256		30		25		0.92		0.1764		78		1849.0		0.68		0.0324		55		400		2

		60.84		P09		1.75		40		2.8		1.1025		42		4		1.6		0.0225		34		36		1.63		0.0144		38		4.0		1.75		0		51		121		2.5

		67.24		P49		0.7		55		2.1		1.96		58		9		1.72		1.0404		50		25		0.82		0.0144		58		9.0		1.08		0.1444		62		49		3

		104.04		P10		1.35		60		2.4		1.1025		60		0		1.49		0.0196		42		324		1.21		0.0196		60		0.0		1.43		0.0064		52		64		3.5

		17.64		P01		1.75		65		2.8		1.1025		54		121		1.72		0.0009		50		225		1.95		0.04		56		81.0		1.95		0.04		69		16		4

		148.84		P29		0.9		65		2.1		1.44		62		9		1.12		0.0484		48		289		0.89		0.0001		63		4.0		1.05		0.0225		62		9		4.5

		262.44		P59		0.5		65		2		2.25		66		1		0.66		0.0256		32		1089		0.7		0.04		56		81.0		0.61		0.0121		50		225		5

		1491.6										14.8725		498		782				1.3166				2030				0.4445				2454.0				0.3235				1345

				all data Sc				20		32				20		22				20		27				20		34						SUMMARY OUTPUT				Fragscan , with intercept																												SUMMARY OUTPUT																																SUMMARY OUTPUT				Split with intercept																												SUMMARY OUTPUT				Wipfrag with intercept

								25		28				25		22				25		29				25		37

								30		44				30		32				30		49				30		41						Regression Statistics																																Regression Statistics																																Regression Statistics																																Regression Statistics

								35		52				35		30				35		78				35		55						Multiple R		0.9016349454																														Multiple R		0.8254357324																														Multiple R		0.5865990976																														Multiple R		0.8147659424

								40		42				40		34				40		38				40		51						R Square		0.8129455748																														R Square		0.6813441483																														R Square		0.3440985013																														R Square		0.6638435409

								55		58				55		50				55		58				55		62						Adjusted R Square		0.7895637717																														Adjusted R Square		0.6415121669																														Adjusted R Square		0.262110814																														Adjusted R Square		0.6218239835

								60		60				60		42				60		60				60		52						Standard Error		5.9056157662																														Standard Error		6.4226162893																														Standard Error		13.6521115442																														Standard Error		7.0059292733

								65		54				65		50				65		56				65		69						Observations		10																														Observations		10																														Observations		10																														Observations		10

								65		62				65		48				65		63				65		62

								65		66				65		32				65		56				65		50						ANOVA																																ANOVA																																ANOVA																																ANOVA

																																				df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F

								Fragscan		Column 1		Column 2		Powersieve		Column 1		Column 2		Split		Column 1		Column 2		Wipfrag		Column 1		Column 2				Regression		1		1212.5896193772		1212.5896193772		34.7683012129		0.0003631898																						Regression		1		705.6		705.6		17.1054545455		0.0032718991																						Regression		1		782.2287985504		782.2287985504		4.1969533781		0.0746648896																						Regression		1		775.4356401384		775.4356401384		15.7984420162		0.0040917786

								Column 1		1				Column 1		1				Column 1		1				Column 1		1						Residual		8		279.0103806228		34.8762975779																										Residual		8		330		41.25																										Residual		8		1491.0411969302		186.3801496163																										Residual		8		392.6643598616		49.0830449827

								Column 2		0.9016349454		5.9056157662		Column 2		0.8254357324		6.4226162893		Column 2		0.5920597016		13.6521115442		Column 2		0.8147659424		7.0059292733				Total		9		1491.6																												Total		9		1035.6																												Total		9		2273.2699954806																												Total		9		1168.1

										Column 1		Column 2				Column 1		Column 2				Column 1		Column 2				Column 1		Column 2

								Column 1		1				Column 1		1				Column 1		1				Column 1		1								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

								Column 2		0.9383245782		1		Column 2		0.9537631383		1		Column 2		0.9044361579		1		Column 2		0.8652640184		1				Intercept		20.0034602076		5.3873328192		3.7130544704		0.005930262		7.580240415		32.4266800002		7.580240415		32.4266800002																Intercept		13.4705882353		5.8589608418		2.2991429025		0.0505384043		-0.040208431		26.9813849016		-0.040208431		26.9813849016																Intercept		27.4231567729		12.4539881166		2.20195784		0.0588140672		-1.2958098958		56.1421234416		-1.2958098958		56.1421234416																Intercept		27.4723183391		6.391081675		4.2985397052		0.0026209235		12.7344480374		42.2101886408		12.7344480374		42.2101886408

																																		X Variable 1		0.6477508651		0.1098540989		5.8964651456		0.0003631898		0.394426695		0.9010750351		0.394426695		0.9010750351																X Variable 1		0.4941176471		0.119471153		4.1358740969		0.0032718991		0.218616496		0.7696187981		0.218616496		0.7696187981																X Variable 1		0.520257056		0.2539515726		2.0486467187		0.0746648896		-0.0653566994		1.1058708114		-0.0653566994		1.1058708114																X Variable 1		0.5179930796		0.1303217272		3.9747254014		0.0040917786		0.2174704433		0.8185157158		0.2174704433		0.8185157158

				all data n				1.35		2.3				1.35		1.69				1.35		1.61				1.35		1.55

								1.75		2.9				1.75		1.69				1.75		1.87				1.75		1.59

								0.9		2.1				0.9		1.02				0.9		1.14				0.9		0.89						RESIDUAL OUTPUT																																RESIDUAL OUTPUT																																RESIDUAL OUTPUT																																RESIDUAL OUTPUT

								0.5		2				0.5		0.66				0.5		0.92				0.5		0.68

								1.75		2.8				1.75		1.6				1.75		1.63				1.75		1.75						Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals

								0.7		2.1				0.7		1.72				0.7		0.82				0.7		1.08						1		32.9584775087		-0.9584775087																												1		23.3529411765		-1.3529411765																												1		37.8282978934		-10.3386473922																												1		37.8321799308		-3.8321799308

								1.35		2.4				1.35		1.49				1.35		1.21				1.35		1.43						2		36.1972318339		-8.1972318339																												2		25.8235294118		-3.8235294118																												2		40.4295831735		-11.8380624279																												2		40.4221453287		-3.4221453287

								1.75		2.8				1.75		1.72				1.75		1.95				1.75		1.95						3		39.4359861592		4.5640138408																												3		28.2941176471		3.7058823529																												3		43.0308684536		5.5949372325																												3		43.0121107266		-2.0121107266

								0.9		2.1				0.9		1.12				0.9		0.89				0.9		1.05						4		42.6747404844		9.3252595156																												4		30.7647058824		-0.7647058824																												4		45.6321537337		32.3678462663																												4		45.6020761246		9.3979238754

								0.5		2				0.5		0.66				0.5		0.7				0.5		0.61						5		45.9134948097		-3.9134948097																												5		33.2352941176		0.7647058824																												5		48.2334390139		-9.9630372116																												5		48.1920415225		2.8079584775

																																		6		55.6297577855		2.3702422145																												6		40.6470588235		9.3529411765																												6		56.0372948542		1.5949126564																												6		55.9619377163		6.0380622837

										Column 1		Column 2				Column 1		Column 2				Column 1		Column 2				Column 1		Column 2				7		58.8685121107		1.1314878893																												7		43.1176470588		-1.1176470588																												7		58.6385801343		1.006048474																												7		58.5519031142		-6.5519031142

								Column 1		1				Column 1		1				Column 1		1				Column 1		1						8		62.107266436		-8.107266436																												8		45.5882352941		4.4117647059																												8		61.2398654145		-5.0581559381																												8		61.1418685121		7.8581314879

								Column 2		0.9561581514		0.110790918		Column 2		0.7744715871		0.2915675906		Column 2		0.9393862031		0.1663069509		Column 2		0.9585981505		0.1391538273				9		62.107266436		-0.107266436																												9		45.5882352941		2.4117647059																												9		61.2398654145		2.251902769																												9		61.1418685121		0.8581314879

																																		10		62.107266436		3.892733564																												10		45.5882352941		-13.5882352941																												10		61.2398654145		-5.6177444283																												10		61.1418685121		-11.1418685121

																																																																																																		SUMMARY OUTPUT				Split zero intercept																												SUMMARY OUTPUT				Wipfrag zero intercept

																																		SUMMARY OUTPUT				Fragscan zero intercept																												SUMMARY OUTPUT				Powersieve zero intercept

																																																																																																		Regression Statistics																																Regression Statistics

																																		Regression Statistics																																Regression Statistics																																Multiple R		65535																														Multiple R		65535

																																		Multiple R		0.7004184112																														Multiple R		0.6861413707																														R Square		-0.0534285023																														R Square		-0.1125704607

																																		R Square		0.4905859508																														R Square		0.4707899806																														Adjusted R Square		-0.1645396134																														Adjusted R Square		-0.2236815718

																																		Adjusted R Square		0.3794748397																														Adjusted R Square		0.3596788695																														Standard Error		16.3119840287																														Standard Error		12.0166253124

																																		Standard Error		9.1884105495																														Standard Error		7.803488508																														Observations		10																														Observations		10

																																		Observations		10																														Observations		10

																																																																																																		ANOVA																																ANOVA

																																		ANOVA																																ANOVA																																		df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F

																																				df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F																						Regression		1		-121.45741108		-121.45741108		-0.4564681127																								Regression		1		-131.4935550936		-131.4935550936		-0.9106247035

																																		Regression		1		731.758004158		731.758004158		8.6673572578		0.0185944514																						Regression		1		487.5501039501		487.5501039501		8.0064807368		0.0221647899																						Residual		9		2394.7274065606		266.0808229512																										Residual		9		1299.5935550936		144.3992838993

																																		Residual		9		759.841995842		84.4268884269																										Residual		9		548.0498960499		60.8944328944																										Total		10		2273.2699954806																												Total		10		1168.1

																																		Total		10		1491.6																												Total		10		1035.6

																																																																																																				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

																																				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																Intercept		0																														Intercept		0

																																		Intercept		0																														Intercept		0																														X Variable 1		1.0447748155		0.1051838946		9.9328401894		0.0000037846		0.8068321336		1.2827174974		0.8068321336		1.2827174974																X Variable 1		1.0434511435		0.0774863099		13.4662644822		0.0000002868		0.8681647988		1.2187374881		0.8681647988		1.2187374881

																																		X Variable 1		1.0303534304		0.0592492492		17.390151676		0.000000031		0.8963222147		1.164384646		0.8963222147		1.164384646																X Variable 1		0.7517671518		0.0503189135		14.940051366		0.0000001168		0.6379377745		0.865596529		0.6379377745		0.865596529

																																																																																																		RESIDUAL OUTPUT																																RESIDUAL OUTPUT

																																		RESIDUAL OUTPUT																																RESIDUAL OUTPUT

																																																																																																		Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals

																																		Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals																												1		20.8954963101		6.594154191																												1		20.869022869		13.130977131

																																		1		20.6070686071		11.3929313929																												1		15.0353430353		6.9646569647																												2		26.1193703876		2.4721503579																												2		26.0862785863		10.9137214137

																																		2		25.7588357588		2.2411642412																												2		18.7941787942		3.2058212058																												3		31.3432444652		17.2825612209																												3		31.3035343035		9.6964656965

																																		3		30.9106029106		13.0893970894																												3		22.553014553		9.446985447																												4		36.5671185427		41.4328814573																												4		36.5207900208		18.4792099792

																																		4		36.0623700624		15.9376299376																												4		26.3118503119		3.6881496881																												5		41.7909926202		-3.520590818																												5		41.738045738		9.261954262

																																		5		41.2141372141		0.7858627859																												5		30.0706860707		3.9293139293																												6		57.4626148528		0.1695926578																												6		57.3898128898		4.6101871102

																																		6		56.6694386694		1.3305613306																												6		41.3471933472		8.6528066528																												7		62.6864889303		-3.041860322																												7		62.6070686071		-10.6070686071

																																		7		61.8212058212		-1.8212058212																												7		45.106029106		-3.106029106																												8		67.9103630079		-11.7286535315																												8		67.8243243243		1.1756756757

																																		8		66.972972973		-12.972972973																												8		48.8648648649		1.1351351351																												9		67.9103630079		-4.4185948244																												9		67.8243243243		-5.8243243243

																																		9		66.972972973		-4.972972973																												9		48.8648648649		-0.8648648649																												10		67.9103630079		-12.2882420217																												10		67.8243243243		-17.8243243243

																																		10		66.972972973		-0.972972973																												10		48.8648648649		-16.8648648649

																																		SUMMARY OUTPUT																																SUMMARY OUTPUT																																SUMMARY OUTPUT																																SUMMARY OUTPUT

																																		Regression Statistics																																Regression Statistics																																Regression Statistics																																Regression Statistics

																																		Multiple R		0.9561581514																														Multiple R		0.7744715871																														Multiple R		0.9393862031																														Multiple R		0.9585981505

																																		R Square		0.9142384104																														R Square		0.5998062392																														R Square		0.8824464386																														R Square		0.9189104142

																																		Adjusted R Square		0.9035182117																														Adjusted R Square		0.5497820191																														Adjusted R Square		0.8677522434																														Adjusted R Square		0.9087742159

																																		Standard Error		0.110790918																														Standard Error		0.2915675906																														Standard Error		0.1663069509																														Standard Error		0.1391538273

																																		Observations		10																														Observations		10																														Observations		10																														Observations		10

																																		ANOVA																																ANOVA																																ANOVA																																ANOVA

																																				df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F

																																		Regression		1		1.04680298		1.04680298		85.2818531133		0.0000153285																						Regression		1		1.019316721		1.019316721		11.9903166512		0.0085337876																						Regression		1		1.6609759846		1.6609759846		60.0540844852		0.000054868																						Regression		1		1.7554496988		1.7554496988		90.6563184017		0.0000122269

																																		Residual		8		0.09819702		0.0122746275																										Residual		8		0.680093279		0.0850116599																										Residual		8		0.2212640154		0.0276580019																										Residual		8		0.1549103012		0.0193637877

																																		Total		9		1.145																												Total		9		1.69941																												Total		9		1.88224																												Total		9		1.91036

																																				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

																																		Intercept		1.5829027763		0.0901520102		17.5581528699		0.0000001131		1.3750117336		1.790793819		1.3750117336		1.790793819																Intercept		0.5800407332		0.2372523387		2.4448261982		0.0402602956		0.0329355053		1.1271459611		0.0329355053		1.1271459611																Intercept		0.3077275163		0.1353261279		2.2739697142		0.052563746		-0.004335296		0.6197903286		-0.004335296		0.6197903286																Intercept		0.2646275056		0.1132312782		2.3370530637		0.0476343203		0.003515541		0.5257394702		0.003515541		0.5257394702

																																		X Variable 1		0.6699539072		0.0725465242		9.234817438		0.0000153285		0.5026612141		0.8372466003		0.5026612141		0.8372466003																X Variable 1		0.6610997963		0.1909201193		3.4627036621		0.0085337876		0.220836927		1.1013626657		0.220836927		1.1013626657																X Variable 1		0.8439060993		0.1088987389		7.7494570445		0.000054868		0.5927849947		1.0950272039		0.5927849947		1.0950272039																X Variable 1		0.8675742309		0.0911187188		9.5213611633		0.0000122269		0.6574539526		1.0776945092		0.6574539526		1.0776945092

																																		RESIDUAL OUTPUT																																RESIDUAL OUTPUT																																RESIDUAL OUTPUT																																RESIDUAL OUTPUT

																																		Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals

																																		1		2.487340551		-0.187340551																												1		1.4725254582		0.2174745418																												1		1.4470007503		0.1629992497																												1		1.4358527173		0.1141472827

																																		2		2.7553221138		0.1446778862																												2		1.7369653768		-0.0469653768																												2		1.7845631901		0.0854368099																												2		1.7828824097		-0.1928824097

																																		3		2.1858612927		-0.0858612927																												3		1.1750305499		-0.1550305499																												3		1.0672430057		0.0727569943																												3		1.0454443134		-0.1554443134

																																		4		1.9178797299		0.0821202701																												4		0.9105906314		-0.2505906314																												4		0.729680566		0.190319434																												4		0.6984146211		-0.0184146211

																																		5		2.7553221138		0.0446778862																												5		1.7369653768		-0.1369653768																												5		1.7845631901		-0.1545631901																												5		1.7828824097		-0.0328824097

																																		6		2.0518705113		0.0481294887																												6		1.0428105906		0.6771894094																												6		0.8984617858		-0.0784617858																												6		0.8719294673		0.2080705327

																																		7		2.487340551		-0.087340551																												7		1.4725254582		0.0174745418																												7		1.4470007503		-0.2370007503																												7		1.4358527173		-0.0058527173

																																		8		2.7553221138		0.0446778862																												8		1.7369653768		-0.0169653768																												8		1.7845631901		0.1654368099																												8		1.7828824097		0.1671175903

																																		9		2.1858612927		-0.0858612927																												9		1.1750305499		-0.0550305499																												9		1.0672430057		-0.1772430057																												9		1.0454443134		0.0045556866

																																		10		1.9178797299		0.0821202701																												10		0.9105906314		-0.2505906314																												10		0.729680566		-0.029680566																												10		0.6984146211		-0.0884146211

								Sieve				Fragscan								PowerSieve								Split								Wipfrag

								n		Sc		n				Sc				n				Sc				n				Sc				n				Sc
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				n		Sc		n		Sc		n		Sc		n		Sc		n		Sc						n		Sc		n		Sc

		P01		1.75		65		2.8		54		1.72		50		1.95		56		1.95		69						1.92		57		1.95		56.1817094763
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		P46		0.9		30		2.1		44		1.02		32		1.14		49		0.89		41		2.5

		P10		1.35		60		2.4		60		1.49		42		1.21		60		1.43		52		3

		P32		1.35		20		2.3		32		1.69		22		1.61		27		1.55		34		3.5

		P01		1.75		65		2.8		54		1.72		50		1.95		56		1.95		69		4

		P09		1.75		40		2.8		42		1.6		34		1.63		38		1.75		51		4.5

		P14		1.75		25		2.9		28		1.69		22		1.87		29		1.59		37		5

				Sieve				Fragscan				PowerSieve				Split				Wipfrag

				n		Sc		n		Sc		n		Sc		n		Sc		n		Sc

		P32		1.35		20		2.3		32		1.69		22		1.61		27		1.55		34		0.5

		P14		1.75		25		2.9		28		1.69		22		1.87		29		1.59		37		1

		P46		0.9		30		2.1		44		1.02		32		1.14		49		0.89		41		1.5

		P67		0.5		35		2		52		0.66		30		0.92		78		0.68		55		2

		P09		1.75		40		2.8		42		1.6		34		1.63		38		1.75		51		2.5

		P49		0.7		55		2.1		58		1.72		50		0.82		58		1.08		62		3

		P10		1.35		60		2.4		60		1.49		42		1.21		60		1.43		52		3.5

		P01		1.75		65		2.8		54		1.72		50		1.95		56		1.95		69		4

		P29		0.9		65		2.1		62		1.12		48		0.89		63		1.05		62		4.5

		P59		0.5		65		2		66		0.66		32		0.7		56		0.61		50		5
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		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.6861413707

		R Square		0.4707899806

		Adjusted R Square		0.3596788695

		Standard Error		7.803488508

		Observations		10

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		487.5501039501		487.5501039501		8.0064807368		0.0221647899

		Residual		9		548.0498960499		60.8944328944

		Total		10		1035.6

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		0

		X Variable 1		0.7517671518		0.0503189135		14.940051366		0.0000001168		0.6379377745		0.865596529		0.6379377745		0.865596529

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		15.0353430353		6.9646569647

		2		18.7941787942		3.2058212058

		3		22.553014553		9.446985447

		4		26.3118503119		3.6881496881

		5		30.0706860707		3.9293139293

		6		41.3471933472		8.6528066528

		7		45.106029106		-3.106029106

		8		48.8648648649		1.1351351351

		9		48.8648648649		-0.8648648649

		10		48.8648648649		-16.8648648649
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						Sieve				Fragscan								PowerSieve								Split								Wipfrag

						n		Sc		n				Sc				n				Sc				n				Sc				n				Sc

		316.84		P32		1.35		20		2.3		0.9025		32		144		1.69		0.1156		22		4		1.61		0.0676		27		49.0		1.55		0.04		34		196		0.5

		475.24		P14		1.75		25		2.9		1.3225		28		9		1.69		0.0036		22		9		1.87		0.0144		29		16.0		1.59		0.0256		37		144		1

		33.64		P46		0.9		30		2.1		1.44		44		196		1.02		0.0144		32		4		1.14		0.0576		49		361.0		0.89		0.0001		41		121		1.5

		4.84		P67		0.5		35		2		2.25		52		289		0.66		0.0256		30		25		0.92		0.1764		78		1849.0		0.68		0.0324		55		400		2

		60.84		P09		1.75		40		2.8		1.1025		42		4		1.6		0.0225		34		36		1.63		0.0144		38		4.0		1.75		0		51		121		2.5

		67.24		P49		0.7		55		2.1		1.96		58		9		1.72		1.0404		50		25		0.82		0.0144		58		9.0		1.08		0.1444		62		49		3

		104.04		P10		1.35		60		2.4		1.1025		60		0		1.49		0.0196		42		324		1.21		0.0196		60		0.0		1.43		0.0064		52		64		3.5

		17.64		P01		1.75		65		2.8		1.1025		54		121		1.72		0.0009		50		225		1.95		0.04		56		81.0		1.95		0.04		69		16		4

		148.84		P29		0.9		65		2.1		1.44		62		9		1.12		0.0484		48		289		0.89		0.0001		63		4.0		1.05		0.0225		62		9		4.5

		262.44		P59		0.5		65		2		2.25		66		1		0.66		0.0256		32		1089		0.7		0.04		56		81.0		0.61		0.0121		50		225		5

		1491.6										14.8725		498		782				1.3166				2030				0.4445				2454.0				0.3235				1345

				all data Sc				20		32				20		22				20		27				20		34						SUMMARY OUTPUT				Fragscan , with intercept																												SUMMARY OUTPUT																																SUMMARY OUTPUT				Split with intercept																												SUMMARY OUTPUT				Wipfrag with intercept

								25		28				25		22				25		29				25		37

								30		44				30		32				30		49				30		41						Regression Statistics																																Regression Statistics																																Regression Statistics																																Regression Statistics

								35		52				35		30				35		78				35		55						Multiple R		0.9016349454																														Multiple R		0.8254357324																														Multiple R		0.5865990976																														Multiple R		0.8147659424

								40		42				40		34				40		38				40		51						R Square		0.8129455748																														R Square		0.6813441483																														R Square		0.3440985013																														R Square		0.6638435409

								55		58				55		50				55		58				55		62						Adjusted R Square		0.7895637717																														Adjusted R Square		0.6415121669																														Adjusted R Square		0.262110814																														Adjusted R Square		0.6218239835

								60		60				60		42				60		60				60		52						Standard Error		5.9056157662																														Standard Error		6.4226162893																														Standard Error		13.6521115442																														Standard Error		7.0059292733

								65		54				65		50				65		56				65		69						Observations		10																														Observations		10																														Observations		10																														Observations		10

								65		62				65		48				65		63				65		62

								65		66				65		32				65		56				65		50						ANOVA																																ANOVA																																ANOVA																																ANOVA

																																				df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F

								Fragscan		Column 1		Column 2		Powersieve		Column 1		Column 2		Split		Column 1		Column 2		Wipfrag		Column 1		Column 2				Regression		1		1212.5896193772		1212.5896193772		34.7683012129		0.0003631898																						Regression		1		705.6		705.6		17.1054545455		0.0032718991																						Regression		1		782.2287985504		782.2287985504		4.1969533781		0.0746648896																						Regression		1		775.4356401384		775.4356401384		15.7984420162		0.0040917786

								Column 1		1				Column 1		1				Column 1		1				Column 1		1						Residual		8		279.0103806228		34.8762975779																										Residual		8		330		41.25																										Residual		8		1491.0411969302		186.3801496163																										Residual		8		392.6643598616		49.0830449827

								Column 2		0.9016349454		5.9056157662		Column 2		0.8254357324		6.4226162893		Column 2		0.5920597016		13.6521115442		Column 2		0.8147659424		7.0059292733				Total		9		1491.6																												Total		9		1035.6																												Total		9		2273.2699954806																												Total		9		1168.1

										Column 1		Column 2				Column 1		Column 2				Column 1		Column 2				Column 1		Column 2

								Column 1		1				Column 1		1				Column 1		1				Column 1		1								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

								Column 2		0.9383245782		1		Column 2		0.9537631383		1		Column 2		0.9044361579		1		Column 2		0.8652640184		1				Intercept		20.0034602076		5.3873328192		3.7130544704		0.005930262		7.580240415		32.4266800002		7.580240415		32.4266800002																Intercept		13.4705882353		5.8589608418		2.2991429025		0.0505384043		-0.040208431		26.9813849016		-0.040208431		26.9813849016																Intercept		27.4231567729		12.4539881166		2.20195784		0.0588140672		-1.2958098958		56.1421234416		-1.2958098958		56.1421234416																Intercept		27.4723183391		6.391081675		4.2985397052		0.0026209235		12.7344480374		42.2101886408		12.7344480374		42.2101886408

																																		X Variable 1		0.6477508651		0.1098540989		5.8964651456		0.0003631898		0.394426695		0.9010750351		0.394426695		0.9010750351																X Variable 1		0.4941176471		0.119471153		4.1358740969		0.0032718991		0.218616496		0.7696187981		0.218616496		0.7696187981																X Variable 1		0.520257056		0.2539515726		2.0486467187		0.0746648896		-0.0653566994		1.1058708114		-0.0653566994		1.1058708114																X Variable 1		0.5179930796		0.1303217272		3.9747254014		0.0040917786		0.2174704433		0.8185157158		0.2174704433		0.8185157158

				all data n				1.35		2.3				1.35		1.69				1.35		1.61				1.35		1.55

								1.75		2.9				1.75		1.69				1.75		1.87				1.75		1.59

								0.9		2.1				0.9		1.02				0.9		1.14				0.9		0.89						RESIDUAL OUTPUT																																RESIDUAL OUTPUT																																RESIDUAL OUTPUT																																RESIDUAL OUTPUT

								0.5		2				0.5		0.66				0.5		0.92				0.5		0.68

								1.75		2.8				1.75		1.6				1.75		1.63				1.75		1.75						Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals

								0.7		2.1				0.7		1.72				0.7		0.82				0.7		1.08						1		32.9584775087		-0.9584775087																												1		23.3529411765		-1.3529411765																												1		37.8282978934		-10.3386473922																												1		37.8321799308		-3.8321799308

								1.35		2.4				1.35		1.49				1.35		1.21				1.35		1.43						2		36.1972318339		-8.1972318339																												2		25.8235294118		-3.8235294118																												2		40.4295831735		-11.8380624279																												2		40.4221453287		-3.4221453287

								1.75		2.8				1.75		1.72				1.75		1.95				1.75		1.95						3		39.4359861592		4.5640138408																												3		28.2941176471		3.7058823529																												3		43.0308684536		5.5949372325																												3		43.0121107266		-2.0121107266

								0.9		2.1				0.9		1.12				0.9		0.89				0.9		1.05						4		42.6747404844		9.3252595156																												4		30.7647058824		-0.7647058824																												4		45.6321537337		32.3678462663																												4		45.6020761246		9.3979238754

								0.5		2				0.5		0.66				0.5		0.7				0.5		0.61						5		45.9134948097		-3.9134948097																												5		33.2352941176		0.7647058824																												5		48.2334390139		-9.9630372116																												5		48.1920415225		2.8079584775

																																		6		55.6297577855		2.3702422145																												6		40.6470588235		9.3529411765																												6		56.0372948542		1.5949126564																												6		55.9619377163		6.0380622837

										Column 1		Column 2				Column 1		Column 2				Column 1		Column 2				Column 1		Column 2				7		58.8685121107		1.1314878893																												7		43.1176470588		-1.1176470588																												7		58.6385801343		1.006048474																												7		58.5519031142		-6.5519031142

								Column 1		1				Column 1		1				Column 1		1				Column 1		1						8		62.107266436		-8.107266436																												8		45.5882352941		4.4117647059																												8		61.2398654145		-5.0581559381																												8		61.1418685121		7.8581314879

								Column 2		0.9561581514		0.110790918		Column 2		0.7744715871		0.2915675906		Column 2		0.9393862031		0.1663069509		Column 2		0.9585981505		0.1391538273				9		62.107266436		-0.107266436																												9		45.5882352941		2.4117647059																												9		61.2398654145		2.251902769																												9		61.1418685121		0.8581314879

																																		10		62.107266436		3.892733564																												10		45.5882352941		-13.5882352941																												10		61.2398654145		-5.6177444283																												10		61.1418685121		-11.1418685121

																																																																																																		SUMMARY OUTPUT				Split zero intercept																												SUMMARY OUTPUT				Wipfrag zero intercept

																																		SUMMARY OUTPUT				Fragscan zero intercept																												SUMMARY OUTPUT				Powersieve zero intercept

																																																																																																		Regression Statistics																																Regression Statistics

																																		Regression Statistics																																Regression Statistics																																Multiple R		65535																														Multiple R		65535

																																		Multiple R		0.7004184112																														Multiple R		0.6861413707																														R Square		-0.0534285023																														R Square		-0.1125704607

																																		R Square		0.4905859508																														R Square		0.4707899806																														Adjusted R Square		-0.1645396134																														Adjusted R Square		-0.2236815718

																																		Adjusted R Square		0.3794748397																														Adjusted R Square		0.3596788695																														Standard Error		16.3119840287																														Standard Error		12.0166253124

																																		Standard Error		9.1884105495																														Standard Error		7.803488508																														Observations		10																														Observations		10

																																		Observations		10																														Observations		10

																																																																																																		ANOVA																																ANOVA

																																		ANOVA																																ANOVA																																		df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F

																																				df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F																						Regression		1		-121.45741108		-121.45741108		-0.4564681127																								Regression		1		-131.4935550936		-131.4935550936		-0.9106247035

																																		Regression		1		731.758004158		731.758004158		8.6673572578		0.0185944514																						Regression		1		487.5501039501		487.5501039501		8.0064807368		0.0221647899																						Residual		9		2394.7274065606		266.0808229512																										Residual		9		1299.5935550936		144.3992838993

																																		Residual		9		759.841995842		84.4268884269																										Residual		9		548.0498960499		60.8944328944																										Total		10		2273.2699954806																												Total		10		1168.1

																																		Total		10		1491.6																												Total		10		1035.6

																																																																																																				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

																																				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																Intercept		0																														Intercept		0

																																		Intercept		0																														Intercept		0																														X Variable 1		1.0447748155		0.1051838946		9.9328401894		0.0000037846		0.8068321336		1.2827174974		0.8068321336		1.2827174974																X Variable 1		1.0434511435		0.0774863099		13.4662644822		0.0000002868		0.8681647988		1.2187374881		0.8681647988		1.2187374881

																																		X Variable 1		1.0303534304		0.0592492492		17.390151676		0.000000031		0.8963222147		1.164384646		0.8963222147		1.164384646																X Variable 1		0.7517671518		0.0503189135		14.940051366		0.0000001168		0.6379377745		0.865596529		0.6379377745		0.865596529

																																																																																																		RESIDUAL OUTPUT																																RESIDUAL OUTPUT

																																		RESIDUAL OUTPUT																																RESIDUAL OUTPUT

																																																																																																		Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals

																																		Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals																												1		20.8954963101		6.594154191																												1		20.869022869		13.130977131

																																		1		20.6070686071		11.3929313929																												1		15.0353430353		6.9646569647																												2		26.1193703876		2.4721503579																												2		26.0862785863		10.9137214137

																																		2		25.7588357588		2.2411642412																												2		18.7941787942		3.2058212058																												3		31.3432444652		17.2825612209																												3		31.3035343035		9.6964656965

																																		3		30.9106029106		13.0893970894																												3		22.553014553		9.446985447																												4		36.5671185427		41.4328814573																												4		36.5207900208		18.4792099792

																																		4		36.0623700624		15.9376299376																												4		26.3118503119		3.6881496881																												5		41.7909926202		-3.520590818																												5		41.738045738		9.261954262

																																		5		41.2141372141		0.7858627859																												5		30.0706860707		3.9293139293																												6		57.4626148528		0.1695926578																												6		57.3898128898		4.6101871102

																																		6		56.6694386694		1.3305613306																												6		41.3471933472		8.6528066528																												7		62.6864889303		-3.041860322																												7		62.6070686071		-10.6070686071

																																		7		61.8212058212		-1.8212058212																												7		45.106029106		-3.106029106																												8		67.9103630079		-11.7286535315																												8		67.8243243243		1.1756756757

																																		8		66.972972973		-12.972972973																												8		48.8648648649		1.1351351351																												9		67.9103630079		-4.4185948244																												9		67.8243243243		-5.8243243243

																																		9		66.972972973		-4.972972973																												9		48.8648648649		-0.8648648649																												10		67.9103630079		-12.2882420217																												10		67.8243243243		-17.8243243243

																																		10		66.972972973		-0.972972973																												10		48.8648648649		-16.8648648649

																																		SUMMARY OUTPUT																																SUMMARY OUTPUT																																SUMMARY OUTPUT																																SUMMARY OUTPUT

																																		Regression Statistics																																Regression Statistics																																Regression Statistics																																Regression Statistics

																																		Multiple R		0.9561581514																														Multiple R		0.7744715871																														Multiple R		0.9393862031																														Multiple R		0.9585981505

																																		R Square		0.9142384104																														R Square		0.5998062392																														R Square		0.8824464386																														R Square		0.9189104142

																																		Adjusted R Square		0.9035182117																														Adjusted R Square		0.5497820191																														Adjusted R Square		0.8677522434																														Adjusted R Square		0.9087742159

																																		Standard Error		0.110790918																														Standard Error		0.2915675906																														Standard Error		0.1663069509																														Standard Error		0.1391538273

																																		Observations		10																														Observations		10																														Observations		10																														Observations		10

																																		ANOVA																																ANOVA																																ANOVA																																ANOVA

																																				df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F																								df		SS		MS		F		Significance F

																																		Regression		1		1.04680298		1.04680298		85.2818531133		0.0000153285																						Regression		1		1.019316721		1.019316721		11.9903166512		0.0085337876																						Regression		1		1.6609759846		1.6609759846		60.0540844852		0.000054868																						Regression		1		1.7554496988		1.7554496988		90.6563184017		0.0000122269

																																		Residual		8		0.09819702		0.0122746275																										Residual		8		0.680093279		0.0850116599																										Residual		8		0.2212640154		0.0276580019																										Residual		8		0.1549103012		0.0193637877

																																		Total		9		1.145																												Total		9		1.69941																												Total		9		1.88224																												Total		9		1.91036

																																				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																		Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

																																		Intercept		1.5829027763		0.0901520102		17.5581528699		0.0000001131		1.3750117336		1.790793819		1.3750117336		1.790793819																Intercept		0.5800407332		0.2372523387		2.4448261982		0.0402602956		0.0329355053		1.1271459611		0.0329355053		1.1271459611																Intercept		0.3077275163		0.1353261279		2.2739697142		0.052563746		-0.004335296		0.6197903286		-0.004335296		0.6197903286																Intercept		0.2646275056		0.1132312782		2.3370530637		0.0476343203		0.003515541		0.5257394702		0.003515541		0.5257394702

																																		X Variable 1		0.6699539072		0.0725465242		9.234817438		0.0000153285		0.5026612141		0.8372466003		0.5026612141		0.8372466003																X Variable 1		0.6610997963		0.1909201193		3.4627036621		0.0085337876		0.220836927		1.1013626657		0.220836927		1.1013626657																X Variable 1		0.8439060993		0.1088987389		7.7494570445		0.000054868		0.5927849947		1.0950272039		0.5927849947		1.0950272039																X Variable 1		0.8675742309		0.0911187188		9.5213611633		0.0000122269		0.6574539526		1.0776945092		0.6574539526		1.0776945092

																																		RESIDUAL OUTPUT																																RESIDUAL OUTPUT																																RESIDUAL OUTPUT																																RESIDUAL OUTPUT

																																		Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals																												Observation		Predicted Y		Residuals

																																		1		2.487340551		-0.187340551																												1		1.4725254582		0.2174745418																												1		1.4470007503		0.1629992497																												1		1.4358527173		0.1141472827

																																		2		2.7553221138		0.1446778862																												2		1.7369653768		-0.0469653768																												2		1.7845631901		0.0854368099																												2		1.7828824097		-0.1928824097

																																		3		2.1858612927		-0.0858612927																												3		1.1750305499		-0.1550305499																												3		1.0672430057		0.0727569943																												3		1.0454443134		-0.1554443134

																																		4		1.9178797299		0.0821202701																												4		0.9105906314		-0.2505906314																												4		0.729680566		0.190319434																												4		0.6984146211		-0.0184146211

																																		5		2.7553221138		0.0446778862																												5		1.7369653768		-0.1369653768																												5		1.7845631901		-0.1545631901																												5		1.7828824097		-0.0328824097

																																		6		2.0518705113		0.0481294887																												6		1.0428105906		0.6771894094																												6		0.8984617858		-0.0784617858																												6		0.8719294673		0.2080705327

																																		7		2.487340551		-0.087340551																												7		1.4725254582		0.0174745418																												7		1.4470007503		-0.2370007503																												7		1.4358527173		-0.0058527173

																																		8		2.7553221138		0.0446778862																												8		1.7369653768		-0.0169653768																												8		1.7845631901		0.1654368099																												8		1.7828824097		0.1671175903

																																		9		2.1858612927		-0.0858612927																												9		1.1750305499		-0.0550305499																												9		1.0672430057		-0.1772430057																												9		1.0454443134		0.0045556866

																																		10		1.9178797299		0.0821202701																												10		0.9105906314		-0.2505906314																												10		0.729680566		-0.029680566																												10		0.6984146211		-0.0884146211

								Sieve				Fragscan								PowerSieve								Split								Wipfrag

								n		Sc		n				Sc				n				Sc				n				Sc				n				Sc

				316.84		P32		1.35		20		2.3		0.9025		32		144		1.69		0.1156		22		4		1.61		0.0676		27		49.0		1.55		0.04		34		196

				475.24		P14		1.75		25		2.9		1.3225		28		9		1.69		0.0036		22		9		1.87		0.0144		29		16.0		1.59		0.0256		37		144

				33.64		P46		0.9		30		2.1		1.44		44		196		1.02		0.0144		32		4		1.14		0.0576		49		361.0		0.89		0.0001		41		121

				4.84		P67		0.5		35		2		2.25		52		289		0.66		0.0256		30		25		0.92		0.1764		78		1849.0		0.68		0.0324		55		400

				60.84		P09		1.75		40		2.8		1.1025		42		4		1.6		0.0225		34		36		1.63		0.0144		38		4.0		1.75		0		51		121

				67.24		P49		0.7		55		2.1		1.96		58		9		1.72		1.0404		50		25		0.82		0.0144		58		9.0		1.08		0.1444		62		49

				104.04		P10		1.35		60		2.4		1.1025		60		0		1.49		0.0196		42		324		1.21		0.0196		60		0.0		1.43		0.0064		52		64

				17.64		P01		1.75		65		2.8		1.1025		54		121		1.72		0.0009		50		225		1.95		0.04		56		81.0		1.95		0.04		69		16

				148.84		P29		0.9		65		2.1		1.44		62		9		1.12		0.0484		48		289		0.89		0.0001		63		4.0		1.05		0.0225		62		9

				262.44		P59		0.5		65		2		2.25		66		1		0.66		0.0256		32		1089		0.7		0.04		56		81.0		0.61		0.0121		50		225

				1491.6										14.8725		498		782				1.3166				2030				0.4445				2454.0				0.3235				1345
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