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Sammanfattning 

Följande arbete om bildanalysens förmåga att mäta styckefallet vid sprängning grundar sig på behovet 

att kunna göra mätningen utan att störa produktionen, dvs. i praktiken beröringsfritt. Utvärdering av 

digitala bilder med inlagda måttstockar har blivit den mest använda metoden. För detta finns flera 

kommersiella program. I Swebrecs projekt 2.7 Bildanalysens möjligheter att mäta styckefallet har 

förmågan hos programmet Split Desktop® undersökts. Denna version av programvaran lämpar sig att 

mäta på salvhögar. 

Rapporten inleds med en detaljerad beskrivning av hur bilderna bör tas och Split Desktop® användas 

för att bästa resultat skall nås. Bl.a. är kvalitén på ljuset i bilderna viktig eftersom skuggor dagrar på-

verkar kontrasten som i sin tur påverkar styckeindelningen. 

Arbetet har sedan gjorts i tre steg. Först har bilder på konstruerade fördelningar analyserats, dvs. vi vet 

vad facit är. Dessa användes av Latham mfl. (2003) för att jämföra olika bildanalyssystem och ställdes 

tillförfogande av honom. Fördelningarna är i princip av Rosin-Rammler typ, men det visade sig att 

flera av dem trunkerats och att överskottsmaterialet flyttats till de två storleksklasserna under gränsen 

125 mm, vilket gjorde histogrammen bimodala. 

I nästa steg analyserades bilder på kalksten i Less Fines-projektet där stenen sedan siktats. Bilderna 

togs på ett transportband efter förkrossen hos Nordkalk. Styckefallet följer inte Rosin-Rammler-

fördelningen utan är mer realistiskt. Detta material visar också på problem med ljuset i bilderna. 

Till sist analyserades bilder från fyra provhögar som tagits ut salvor i Vändletäkten. Vid analysen hade 

materialet i salvorna ännu inte siktats, det gjordes efteråt, så detta utgör en test på hur nära den verkli-

ga fördelningen som analysen med Split Desktop® kan komma. Den jämförelsen görs av Ouchterlony 

m.fl. (2005). 

Bortsett från den grundläggande osäkerheten om den yta som fotograferas är representativ för hela 

berghögen har bildanalysen flera stora problem. Det första är upplösningen, intervallet för stenstorlek 

är xmax/xmin = 10-30, dvs. finmaterialet syns inte. Split Desktop® löser detta genom göra ett antagande 

om hur mycket mer finmaterial det finns i verkligheten än det som Split förmår identifiera. Detta ut-

trycks genom finandelsfaktorn f. Till detta kommer ett antagande om fördelningens utseende i finom-

rådet, Rosin-Rammler eller Gaudin-Schuhmann.  
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För den version av Split som används för material på band, Split Online®, kan man kalibrera installa-

tionen genom att välja f, finmaterialkurva och till och med omfördela material i olika storleksklasser 

tills den av systemet mätta fördelningen stämmer tillräckligt väl med tillhörande siktkurva. På salvhö-

gar är en sådan kalibrering normalt utesluten så f och finmaterialkurvan måste baseras på erfarenhet.  

Ett betydande fel hos bildanalysen är dess tendens att dela in stora stenar i bilden i flera småstenar och 

att klumpa ihop småstenar, vilket tenderar att göra den mätta fördelningen brantare än siktkurvan. 

Denna observation ledet till en viktig slutsats, nämligen att: Det lönar sig inte att söka efter den opti-

mala programinställningen för analysen av en uppsättning bilder om god överensstämmelse med sikt-

kurvan eftersträvas. Man använder med fördel möjligheten för Split Desktop® att välja ”bästa pro-

graminställning” eller Autoparameter function och får sen ägna 10-20 minuter åt att retuschera de 

värsta indelningsfelen i en bild. 

När styckeindelningen av bilden analyseras erhålls en rådatafil med antalet stenar i de storleksklasser 

som valts. Innan data presenteras räknas rådata om för att kompensera för att stora stenar har större 

sannolikhet att synas i bilden än små stenar. I praktiken ”flyttas” några av stenarna i en klass till mind-

re storleksklasser.  

Analysen av Lathams bilder visar tyvärr också att Split Desktop® använder en utjämningsalgoritm el-

ler medelvärdesbildning vid omfördelningen. Detta medför att de Latham-fördel-ningar som trunkerats 

och blivit bimodala (har två toppar i histogrammet) på ett missvisande sätt gjorts om till en unimodal 

kurva med en topp. Detta innebär alltså en kraftig begränsning av systemets möjlighet att detektera 

förändringar i siktkurvans form. 

Finandelskorrektionen verkar nedanför finmaterialgränsen (Fc = Fines Cutoff) som beräknas automa-

tiskt i Split Desktop®. Latham-bilderna visar att ett godhetstal för när man bör zooma in i bilden för 

att få bättre uppfattning om finmaterialet erhålls om man multiplicerar Fc med skalan uttryckt i pix-

el/mm. Ett värde som överstiger 16 kräver normalt ingen zoom men om det understiger 14 så är risken 

att finmaterialet inte blir tillräckligt bra uppskattat utan zoom. 

Bilderna från bandet hos Nordkalk motsvarar kurvor som till sin karaktär är bimodala, då materialet på 

bandet består av en bladning av krossad och sprängd kalksten. Det framgår inte av Splitmätningarna 

och inte heller av det Fragscansystem som användes i Less Fines-projektet (Moser et al. 2005). Detta 

tyder på att Fragscan, liksom Split, internt omfördelar stenar mellan storleksklasserna innan mätresul-

taten presenteras. 
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Nordkalk-bilderna har problem med belysningen. Vissa delar är överexponerade, andra har starka 

skuggor, åter andra mörka partier. Genom att utsätta bilden för sekvensen Smooth-Smooth-Sharpen så 

förbättras analysresultatet något. Ett annat problem som kan uppstå är att stora stenars ovanyta hamnar 

närmare kameran än mindre stenar så att skalan förvrängs. 

Trots dessa fel och problem med Split Desktop® så visar rapporten att programmet klarar av att någor-

lunda väl, men inte helt, följa trenderna i styckefallförändringen från bild till bild.  

Latham- och Nordkalk-bilderna täcker aktuell berghög i en bild. Vändlehögarna är för stora för det. De 

fotograferades ovanifrån från en plattform och från sidan. Hög 1 omfattade ca 700 ton och var relativt 

homogen. 7 foton togs ovanifrån. Hög 2 omfattade ca 570 ton och var mer segregerad. 14 foton togs 

ovanifrån och 13 från sidorna. Högarna 3 och 4 var betydligt mindre, ca 330 och 440 ton i färdigt 

skick men de fotograferades innan allt material lagts dit. 2 foton togs ovanifrån på varje och 12 respek-

tive 9 foton från sidorna. 

Toppbilderna togs med hög upplösning, mellan 1280×960 och 2048×1536 pixlar, sidobilderna på hög 

2 med upplösningen 640×480, vilket är den upplösning till vilken Split Desktop® reducerar de högupp-

lösta bilderna innan analysen. Bilderna analyserades med ”bästa programinställning” och retuschera-

des sen. Toppbilderna krävde ca 25 min pga. sin höga upplösning. Därför analyserades i stort sett bara 

varannan bild. Finandelsfaktorn f = 0,5 användes genomgående.  

Bilderna på hög 1 ger ett medelstyckefall som varierar ganska måttligt, vilket styrkte observationen 

om ett homogent styckefall. För de 14 topp- och 13 sidobilderna på hög 2 söktes en korrelation mellan 

styckefallet i toppbilderna och närmsta sidobild. Fyra bildpar jämfördes och två gav väl överensstäm-

mande resultat, två dåligt. Resultatet verkade underligt nog bero på bildernas relative orientering. I 

Split Desktop® kan styckefallsresultaten från flera bilder adderas men den totala medelvärdeskurvan 

för topp- och sidobilderna kan hamna utanför respektive kurvor, vilket inte är möjligt vid en vanlig 

medelvärdesbildning. Orsaken är oklar. 

De högupplösta bilderna tar mycket lång tid att retuschera. Hur används de bäst? Därför gjordes ett 

försök med Sidobild nr 5 från hög 3. Den lagrades i upplösningarna 1280×960, 640×480 och 320×240 

pixlar. Det tog 25, 15 och 5 minuter att retuschera bilderna. Baserat på Fines Cutoff-värdet bedöms att 

optimal upplösning skulle legat mellan de två undre värdena. Samma bild delades också in i fyra del-

bilder som analyserades var för sig varpå medelvärdet jämfördes med analysen av hela bilden. Skill-

naden i resultat blev relativt liten. Därför är det normalt inte fördelaktigt att ta flera bilder av en yta 

som man kan täcka med en bild. 
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Ett alternativt sätt att använda den högupplösta bilden är att zooma in på en del av bilden med mycket 

finmaterial och att låta programmet beräkna medelkurvan för hela bilden och förstoringen. Ett sådant 

försök gjordes med samma sidobild. Resultatet visar att effekten blir att ungefär fördubbla halten fin-

material mindre än 20 mm och att trefaldiga andelen mindre än 5 mm. Mycket tyder på att detta är ett 

fysikaliskt rimligt resultat.  

En ingående jämförelse mellan Split-värden för provhögarna från Vändle och de siktkurvor som kon-

struerades görs av Ouchterlony m.fl. (2005). Resultaten visar ömsom bra, ömsom dålig överensstäm-

melse mellan siktade x50-värden och Split-värdena. Till detta kommer att fördelningskurvorna ser helt 

annorlunda ut, både i fin- och grovområdena. För Split avviker kurvformen i finområdet kraftigt från 

Swebrec-funktionen (Ouchterlony 2003) som återger finmaterialsvansen för siktat berg på rätt sätt. 

Detta skulle kunna åtgärdas om de finmaterialkurvor som finns inbyggda i Split Desktop® ersätts av 

Swebrec-funktionen.  

Huvudslutsatsen är att bildanalysen har en viss, men begränsad användbarhet för att med större nog-

grannhet bestämma styckefallet i en sprängsalva eller från ett band. Däremot kan bildanalysen sanno-

likt detektera grova tendenser hos förändringar i styckefallet. Det förutsätter emellertid att ljusförhål-

landen inte varierar alltför mycket och att skyddsglas för kameror etc. hålls rena. 
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Executive summary 

This report is about the capacity of image analysis to measure fragmentation by blasting. It is moti-

vated by the need to make the measurements without disturbing production, i.e. in practice without 

contact. Analysis of digital images with scales has become the most used method. There are several 

commercial programs. In Swebrec’s project 2.7 The capacity of image analysis to measure fragmenta-

tion the program Split Desktop® has been used. This program is suitable for measuring the fragmenta-

tion of muckpiles.  

The report begins with a detailed description of how to take the photos and how Split Desk-top®

should be used to obtain the best result. The quality of lighting is important e.g. as shadows influence 

the contrast, which in turn influences the fragment delineation.  

The work was done in three stages. First images of constructed size distributions were used, i.e. we 

know the answers. The images were used by Latham et al. (2003) to compare different programs and 

were kindly supplied by him. The distributions are basically of Rosin-Rammler type but it turned out 

that some of them had been truncated at the outset and made bimodal by moving the oversize material 

to the two size classes below the truncation limit 125mm. 

In the next stage images of limestone from the Less Fines project, where the rock was sieved, were 

analyzed. The sieving curves do not follow the Rosin-Rammler distribution. This mate-rial helped 

make a good evaluation possible.  

Lastly, images of four test piles of rock from benching rounds in the Vändle quarry were analyzed. At 

the time of the analysis, these test piles had not yet been sieved. This was done afterwards. Thus this 

became the real test of how close to the real distribution that Split Desk-top® could get, but the de-

tailed comparison was made by Ouchterlony et al. (2005). 

Besides the basic uncertainty of whether the surface photographed could be representative of the 

whole muckpile, the image analysis has several problems. The first one is resolution, the relative size 

range is xmax/xmin = 10-30, i.e. the fine material is not visible. Split Desktop® solves this by assuming 

that a the real amount of fines exceeds that seen in the image by a fixed amount. This is xepressed by 

the fines factor f. In addition the distribution in the fines range is assumed to be of either Rosin-

Rammler or Gaudin-Schuhmann type.  

In a version of Split that is used to analyze the material on a belt, Split Online®, one can calibrate the 

installation by choosing f, the fines distribution and even redistribute material between size classes 
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until the resulting size distribution from the system agrees sufficiently well with the associated sieving 

curve. Muckpiles very seldom allow such calibration so the choice of f and the fines distribution must 

be based on experience. 

An important error in the image analysis is its tendency to split up large fragments and to fuse finer 

ones, which tends to make the measured distribution steeper than the sieving curve. This observation 

leads to the important conclusion that: ‘It is useless to try and find the optimal parameter setting for 

any set of images if a good agreement with the sieving curve us desired. It is more efficient to let Split 

Desktop® use the built-in Autoparameter function and then spend 10-20 minutes retouching the worst 

delineation errors’. 

When the delineated image has been analyzed, a raw data file is obtained with fragments in the size 

classes chosen. Before these data are presented, they are recalculated to compensate for the larger 

probability of large fragments being seen in the image than small fragments. In practice a number of 

the fragments in a size class are redistributed to smaller classes. 

The analysis of Latham’s images also shows, unfortunately, that Split Desktop® uses a smoothing or 

averaging routine during this redistribution. This causes the truncated, bimodal (histogram with two 

peaks) Latham distributions to in a misleading way show up as unimodal curves. This implies a strong 

limitation of the system’s ability to detect changes in the form of the fragment size distribution.   

The fines correction is active below Fc, the Fines Cutoff, which is calculated automatically in Split 

Desktop®. The Latham images show that one may use the product of Fc and the scale, in pixels/mm, to 

determine whether a zoom-in is need to get a better estimate of the fines. A product value, which ex-

ceeds 16, doesn’t normally require zoom-in but with a value less than 14 the zoom-in would help.  

The images from the belt at Nordkalk by their nature represent bimodal material too, as the flow is a 

mixture of both blasted and crushed rock. This doesn’t show up in the Split results, nor did it in the the 

Fragscan system used in the Less Fines project (Moser et al. 2005). This could be interpreted as that 

Fragscan, like Split, redistributes the fragments internally before the results are presented.  

There were illumination problems with the Nordkalk images. There were areas with saturated pixels, 

areas with biased directional shadows and also recurring shadows. By subjecting the images to the 

Smooth-Smooth-Sharpen sequence of operations, the results were somewhat improved. Another prob-

lem that occurs is that large pieces of rock usually lie closer to the camera than small pieces and hence 

distort the scale. 
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Despite these problems with the report shows that the program is able to, reasonably well but not 

completely, follow the trends in fragmentation changes from image to image. 

The Latham and Nordkalk images all cover the rock pile in question in one image. The Vändle piles 

are too large for that. They were photographed from above from a sky lift (top images) and from the 

sides on the ground. Pile #1 contained about 700 ton and was relatively homogeneous. 7 top photos 

were taken. Pile #2 contained about 570 ton and was more segregated. 14 top photos and 13 side pho-

tos were taken. Pile #3 and #4 were considerably smaller, about 330 and 440 ton when full but they 

were photographed before all rock was dumped there. 2 top photos of each were taken plus 12 and 9 

side photos respectively. 

The top photos were generally taken at a high resolution, between 1280×960 and 2048×1536 pixels. 

The side images of pile 2 were taken at 640×480 pixels, which is the resolution that Split Desktop®

reduces all images too before the analysis. The images were analyzed in Auto-parameter mode and 

then retouched. Each top photo required about 25 minutes of retouching because of their high resolu-

tion. Thus only about half of the photos were analyzed. A fines correction factor of f = 0,5 was used 

throughout.  

The photos from pile 1 give an average fragment size that varies relatively little, which sup-ports the 

observation of a homogeneous pile. For the 14 top and 13 side images of pile 2, a correlation between 

the fragmentation seen in a top image and the adjacent side image was sought. Four pairs were com-

pared and two provided the desired correlation and two did not. Strangely enough the correlation ap-

peared to depend on the orientation of the images. In Split Desktop® the fragmentation results can be 

added but the total, averaged distribution may lie outside the corresponding averages for the top and 

side images. This is not expected of an ordinary averaging procedure and the reason why is unclear. 

The high resolution images took along time to retouch. How are they best used? A test was made on 

Side image #5 of pile 3. The image was stored at 1280×960, 640×480 and 320×240 pixels respec-

tively. These took 25, 15 and 5 minutes respectively to retouch. Based on the Fines Cutoff value the 

optimal resolution was found to lie between the two lowest values. The same image was also divided 

into quarters that were analyzed separately. The average of these four quarters was then compared to 

the analysis of the entire image. The difference in measured fragmentation was relatively small. There-

fore it is normally not an advantage to take several images of an area that could be covered by one im-

age.    

An alternate way of using the high resolution image is to zoom in on a part which contains much fine 

material and let Split Desktop® compute the average of the entire image and the zoomed part. The re-
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sult is a doubling of the -20mm fines and a tripling of the -5mm fines. This is probably a physically 

more reasonable result. 

A detailed comparison between the Split-values for the Vändle test piles and the sieving curves that 

were constructed is made by Ouchterlony et al. (2005). The agreement between the corresponding x50-

values is reasonable for two piles and bad for the other two. However, the distributions look quite dif-

ferent. The curve forms for Split deviate substantially from the Swebrec function (Ouchterlony 2003), 

which depicts the whole sieving curve of blasted rock, including the fines portion, extremely well. 

This could be avoided if the built-in fines functions in Split Desktop® were replaced by the Swebrec 

function. 

The main conclusion is that image analysis has a certain, but limited usefulness when measuring the 

fragment size distribution in a muckpile or from a belt in an accurate way. It could probably detect 

rough tendencies in fragmentation variations, if the lighting conditions do not vary too much and if 

cover glasses for camera lenses etc are kept clean. 
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1 Introduction 

The work in this report has been made as part of Swebrec’s research program with the support of the 

sponsoring industries Atlas Copco, Boliden Mineral AB, Dyno Nobel AB, LKAB, Kimit AB and 

Nordkalk Storugns AB. The project name is 2.7 ‘The capacity of image analysis to measure fragmen-

tation’. And the goal has been to show that two of the most common image analysis programs, Split 

(Kemeny et al. 1999) and WipFrag (Maerz & Zhou 2000) could be used to determine the fragment 

size distribution of muck piles and to estimate the errors involved. 

This goal is based on the need to find a faster and cheaper method than sieving to determine the frag-

ment size distribution of a muck pile. Swebrec and previously SveBeFo have done much work on blast 

fragmentation (Moser 2003, 2005, Olsson et al. 2003, Svahn 2003), a work which has continued in the 

present program 2003-2006. 

The project started with Ioannis Arvanitidis as the researcher but when he left Swebrec it was taken 

over by Greg Potts, a former Split employee who had moved to Sweden. Given his experience and 

competence on image analysis, the project came to focus on Split, which e.g. has an Online® system 

installed at the Aitik mine. The system most suitable for muck pile measurements is the stand-alone 

Desktop® system, on which this report consequently focuses, see Appendix F. 

Some interesting and less known properties of the program surfaced during the investigation and this 

motivated a more detailed focus on Split. An earlier comparison by Latham et al. (2003) shows that 

image analysis systems like Split and WipFrag differ in some respects but that overall there is no basic 

reason to prefer one over the other. A longer discussion about image analysis systems is given by 

Ouchterlony (2004)  

Rather, under the influence of Swebrec’s program board, an essential part of the project became to 

produce a report, which could be used by an inexperienced new user of Split Desktop® as a shortcut to 

quickly and efficiently gather and obtain sizing information about muck piles. In chapters 2 and 3 ad-

vice is given on the key matters of how to obtain quality photos and how the program works. Details 

about the program may be found in Appendix A and the Split manual (Split-Desktop 2001). 

The remainder of the report is based on three sets of image material. The first set consists of the im-

ages studied by Latham et al. (2003). Latham (2004) kindly supplied the original digital images used 

in that work. The sieving curves aggregate in those images had been constructed to basically follow 

the well-known Rosin-Rammler distribution (Ouchterlony 2003, 2005). The material in chapter 4 an-

swers the question, how well does image analysis do under well-defined conditions. Background mate-
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rial in the form of images, the edited binary images with delineated fragments and the analysis results 

is found in Appendix B 

The second set consisted of images from the Less Fines project (Moser 2003, 2005), specifically pho-

tos that had been taken of rock on a belt downstream from the primary crusher (Ouchterlony et al. 

2003) and which had been sieved afterwards. The fragment size distribution was in this case much 

better described by the Swebrec distribution in the fines range (Ouchterlony 2003, 2005) and was bi-

modal at the coarse end, see Appendix C for details. This is a more realistic situation than the Rosin-

Rammler distribution but there is still a sieving reference to compare the image analysis results with. 

How well the image analysis does under these conditions is shown in chapter 6. Appendix D contains 

the background material.  

The third set finally, consists of photos of test piles taken from muck piles after production rounds in 

the Vändle granite quarry (Ouchterlony at al. 2005). For this material there are no known references in 

the form of complete sieving curves. The material was used to investigate the effect of certain choices 

that could be made.  

Is there a difference between the fragmentation in images taken form the top and the sides of a 

test pile? 

What effect has the resolution in the images? 

What is the effect of looking at entire images or dividing them up in parts? 

When should the fine material be zoomed in on? 

This is covered in chapter 6 and Appendix E contains the background material. 

The image analysis material from Vändle has since been used in the construction of blast design 

curves for that quarry (Ouchterlony et al. 2005). 
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2 Image acquisition  

2.1 Introduction 

The capture of quality images is always a challenge, but it is a vital skill that needs to be developed in 

order the gain the most accurate data from any image processing program.  The most important issues 

that need to be taken into account when taking a photography of a muck pile are: 

Lighting 

Scaling 

Orientation of the photographer to the pile 

Making a preliminary decision regarding size range to be analyzed 

There is nothing in these concepts that is outside the realm of common sense, but it is important to 

mention them because they are critical and can be overlooked by a novice.  

2.2 Lighting 

Split Desktop® is very dependent upon even lighting across the images it processes.  All the algorithms 

(see Appendix A for a detailed description) use changes in the greyscale value of the pixels within an 

image to help delineate the particle boundaries.  The effect of different light intensities within the re-

gion of interest can confuse the program into using these changes in greyscale values to produce false 

particle boundaries. Shadows in the image also cause problems in the sizing and delineation steps of 

the Split Desktop® program.  The edges of shadows may produce false particle boundaries, and the 

shadows also conceal the real particle boundaries from the program. The shadows themselves produce 

large areas of dark pixels, which will be interpreted as large areas of black pixels when the image is 

thresholded in the software.   

The general effect of shadows are to create a size distribution for the pile that is too fine due to larger 

particles being reduced in appearance and an undesirable amount of fines that could be added.  The 

program has some ability to compensate for lighting changes, but all possible efforts should be put 

into minimizing the problem of uneven lighting during the initial capturing of images. 

All muck piles occur outside. It is a reasonable expectation to assume the pictures of these piles will 

contain at least some amount of shadow and changes in lighting intensity, but steps can be taken to 

reduce the unwanted effects caused by them.  Optimal conditions for image acquisition would be dur-

ing the middle of the day under cloudy skies.  The clouds produce a diffuse lighting condition (evenly 

distributed light) negating the possibility of the rock surfaces creating saturated areas (almost white 

patches in the images) and minimizes the shadows within the image.   
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Again, it’s not always possible to take images under these circumstances either; however, it is also 

impossible to speculate and make recommendations about every possible environment the images 

might be taken in. The use of common sense is always going to be photographer’s best guide, but here 

are a few guidelines to take into consideration: 

1. Taking images in the morning before the sun has risen above the high wall will reduce shad-

ows and create an even lighting. (Conversely taking images in the late afternoon after the sun 

has dropped below the other side of the highwall).  

2. The most important thing to avoid is taking images with the sun at an acute angle to the pile 

so that long shadows are being cast by the larger particles in a preferential manner. 

3. It is best to set some kind of schedule if taking images of different piles on different days.  

The goal here is to compare the size distribution of different piles, but the program is sensi-

tive to changes in lighting conditions, and this sensitivity can affect the sizing distributions. 

To overcome this, try and take images at approximately the same time everyday, so that the 

changes in size distributions can be attributed to real changes in size and not influenced by 

changes in the lighting environment. 

2.3 Scaling 

To produce a correct sizing distribution from an image, a direct relationship between the pixels in the 

image and an actual measured distance in the image needs to be established. Any slope within the im-

age will also affects the particle sizing because the distance to the bottom of the material in the image 

is shorter than the distance to top, and in a 2D image this results in objects of the same physical size 

appearing larger near the bottom of the image and smaller near the top.   

Figure 1. The placement of the filled scaling objects reflect the actual slope of the pile while the 

non-filled ones represent a slope, the dashed line, which is too steep.

The purpose of placing two scaling objects in an image of a muck pile (or other sloped material) is to 

calculate a reference scale near the bottom of the pile and one at the top that can be used to interpolate 



The capacity of image analysis …using Split Desktop®                                    Swebrec Report 2005:2 

5

a changing scale throughout the whole image. The objects should be placed in accordance to the filled 

scaling objects in Figure 1. 

The use of the non-filled scaling objects, in the previous figure, would result in the particles near the 

bottom portion of the image being oversized and the particles in the upper portion being reduced in 

size. 

2.4 Orientation of camera to the material 

Image should be taken orthogonal to the horizontal plane of the material to guarantee that there is no 

change in scale across the width of the image.  This ensures that objects of the same size, on both sides 

of the image, are captured by the same number of pixels.  

Care should be taken to ensure that a single particle does not comprise more than 15% of the image 

area, but close enough that only a limited amount of cropping will be needed to eliminate nonessential 

objects that may be in the frame of the picture such as the sky, portions of the high wall, or floor.  

Most digital cameras have a zoom lens that can be used to adjust the image area without the photogra-

pher having to actually physically move.  This is a great function, but most cameras have an optical 

and digital zoom, and precautions should be taken to insure the digital zoom is not used.  The digital 

zooms interpolates between pixels to decrease the image area, which can result in a loss of image qual-

ity and causes a blurring of the image if the camera is not held perfectly still.  

2.5 The appropriate number of images to take and at what resolution 

Split recommends taking three images of the muck at varying scales to accurately represent the entire 

distribution of the pile.  One broad image to capture the upper portion sizes of the material, another 

image zoomed in that is representative of the middle size fractions, and then finally a close up deter-

mine the very small fine fractions.  

If a determination of the smaller sizes contained within the pile is necessary, a set of images with de-

creasing scales or a decrease in image area should be done.  A typical set would be one photo taken of 

the whole pile to ensure an accurate representation of the top sizes, a second with maybe a four times 

zoom factor to increase the accuracy of middlings, and then finally a photo that will represent the 

“fines” of the pile.   

In most cases, the first two photos are taken with two scaling objects in the photo because the slope of 

the pile is still present, but the last photo can generally be taken perpendicular to the material so only 

one scaling object is needed.   
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The term “fines” when applied to the Split Desktop® program is generally larger in size than the typi-

cal definition, and the fines size varies from image to image depending upon the scale of the image 

processed and the size range contained in that image.  The program does have a combining algorithm 

that will portion the images taken at different scales to produce a single distribution representative of 

the image with largest area. 
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3 Using the Split Desktop® program 

3.1 Introduction 

A single image from the Latham study will be used to illustrate how to use the Split Desktop® program 

to extract the size distribution data from a single image, see Figure 2.  The material in this image is 

known to have a continuous unimodal distribution with the Rosin-Rammler coefficients of x50 = 32 

mm and n = 1.75, see Figure 3.  This distribution was constructed from the sizes that Latham had in 

the lab without truncating the distribution in the coarse size fractions or having a large volume of 

fines. 

Figure 2. Image P09 from the Latham Study. 
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Figure 3. The true distribution of the material present in image P09. The “C” designation means 
the image has been cropped to eliminate unwanted parts. 
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3.2 Staging the Image 

The first step to begin processing an image in Split Desktop® is to scale the image and then remove or 

crop out any unwanted objects in the image that are unwanted. In this case, it is the tray that is contain-

ing the material, but under normal circumstances it could be exposed belt or visible sky that could 

need to be eliminated.  Note that a user can also instruct Split to ignore objects within the image by 

masking or filling them in with white colour during the editing process. 

These unwanted objects not only increase the editing time needed for correcting the delineations, but 

they also effect the calculation of the Texture Ratio, which is explained in more detail in Appendix A. 

Scaling an image simply means creating a relationship between the pixels of the image and an actual 

physical distance.  In Image P09, the scale indicators are marked on the tray at an interval of 100mm, 

see Figure 4. The number of pixels between two of the interval marks is measured and the ratio of pix-

els to units of measure is calculated (mm in this case).  This is done in Split Desktop® by selecting the 

Scaling Tool and then clicking on one end point of an object of known size in the image and dragging 

it across to the other end point. 

Figure 4.  Using Scaling Tool.

The Scaling Ratio is then calculated by double clicking on the Scaling Tool again, selecting Change 

Scale… in Figure 5, and entering the appropriate values in the dialogue box that appears, see Figure 6. 

Scaling 
Tool

Known Distance 
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Figure 5. After double clicking on Scaling Tool. this dialogue box will appear, click on Change 

Scale… 

Figure 6. Calculation of the scaling ratio. 

The scale now has to be associated with the image itself, and this done by selecting Scale Image…

from the Split menu. See Figure 7. 

The Do Split Scale dialogue box will appear, and the user will want to select Single Object, then Get 

Scale for Bottom Row, and finally OK, see Figure 8. Although before clicking on OK, the user 

should verify the correct scale was entered by comparing the scale value in the Scale at Top and Scale 

at Bottom boxes to the scale calculated using the Scaling Tool.

# of Pixels measured by the 
tool
Actual physical measurement 
input by the user  

Units of measurement se-
lected by user 
Scaling Ratio as calcu-
lated by the program 
based on user inputs

Scaling Tool 
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Figure 7. Selecting Scale Image… from Split menu.  

Figure 8. Do Split Scale dialogue box with steps for a Single Object. 

The Single Object method was selected for this image because there was no slope or angle inherent to 

the imaged material.  If a slope is present in the image, such as images of muckpile material, the Dual 

Objects method should be used to ensure proper scaling throughout the entire image.   

The procedure for Dual Object scaling is essentially the same, except there are two objects of know 

size in the image with one being at the top of the image and one being at the bottom.  The Scaling 
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Tool is again used to measure the number of pixels that are comprised in the object and calculate the 

scaling ratio, Scale Image… is selected from the Split menu, but instead of selecting Single Object,

Dual Object is selected and the first Get Scale… button clicked needs to correspond to the object the 

was measured, either the object at the top or bottom of the image, see Figure 9.  

Then return to the image and measure the other object and click on the Get Scale… button that refers 

to that object. And finally OK.   In the Image Information box, located in the lower left corner, the 

scaling value for both the Scale at Top and Scale at Bottom should correspond to the values that were 

just entered in the Higher and Lower Object Scale boxes when the Get Scale buttons were clicked, but 

these values will change when the Do Split Scale dialogue box is closed by clicking OK.  By clicking 

OK, the program has interpolated the scale to the very bottom and very top of the image using the 

scales of the reference objects.  

Figure 9. Do Split Scale dialogue box with steps for a Dual Object.

If the image that has been scaled is not in a *.tiff format (i.e. a *.jpeg), the program will automatically 

open the File/Save As… dialogue box, after clicking OK, to save the file in the .tiff format so the scal-

ing information can be saved in the header of the file. The .tiff extension allows peripheral information 

about the image to be saved in the header of the file, such as the scale.  When a .tiff is opened in the 

Split Desktop® program, an asterisk (*) will appear after the file name if that file has scaling informa-

tion in its header. See Figure 10. 
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Figure 10. An asterisk after the file name indicating the image has been scaled. 

Under normal conditions, cropping of any image should always occur BEFORE scaling, and in the 

case of Dual Objects it is MANDATORY to scale, before cropping in the vertical direction, because 

the cropped image will still have the same interpolated scale as the original even though the image has 

been cropped. 

The reason that the images from Latham were cropped after the scaling procedure was due to the fact 

that the scaling reference was located on the object that need to be cropped out: the edges of the con-

tainer. To remove the outer regions of the image that are unwanted, select the Rectangular Selection 

tool from the Tool Palette, place the pointer at one corner of the desired region and then click and drag 

the tool to the opposite corner, see Figure 11. 

Figure 11. Selecting the desired region. 

After the selecting the region of the image that is to be processed, go to the File menu, select Save Se-

lection As, see Figure 12. Select a name that is appropriate, such as e.g. P09C, to indicate the original 

image and the function cropping that was performed. 
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Figure 12. Saving a selected region. 

Figure 13. The resultant image P09C from the cropping of image P09. 

Now that the image has been cropped and scaled, see Figure 13, the next step is to let the software find 

the particles in the image.   
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3.3 Processing the image 

Open the file to be analyzed and then under the Split menu select Find Particles…, see Figure 14.

Figure 14. Selecting Find Particles…

A number of options are available for the user to change in this step, but for general practice it is best 

to use the following settings, see Figure 15: 

• Process all open images 

• Make Corrections  
Before Sizing 

• Remove Noise 

• De Interlace 

• Use the Autoparameter
function 

• Do not use the Auto Fines  
Function 

Figure 15. Find Particles Dialogue Box. 

Some amount of editing is always needed to produce correct delineations, and as a result it is better to 

let the program find what parameters are best suited for the image(s) and then spend ten or fifteen 

minutes making the needed corrections, instead of spending ten minutes trying to manually adjust the 

parameters and then still have to make corrections to the delineations. The same logic can be applied 

to the Auto Fines. A bit of tweaking will be necessary to find the right texture value to identify the 
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fines properly in the image, but it only takes one click of the mouse, with the “paint bucket”  with 

the correct colour, to correctly identify the fines manually.  There are always exceptions that can be 

found, but selecting these options will start the user on the right course.  A detailed description of how 

to configure each algorithm parameter manually and how these algorithm functions can be found in 

Appendix A. 

The Editing Colors, in the upper left corner, have been left at the default settings, but they can be 

changed to any colour the user may prefer. 

3.4 Editing the image 

After the program has finished the Find Particles process, a window with the original image and a 

overlay of the delineations will appear, see Figure 16. The user can toggle between this view and the 

original image by clicking the right mouse button.  This will aid the user in correcting the initial de-

lineations established by the program. 

Figure 16. The initial delineations found by Split Desktop® before editing. 

At this stage, the user will correct any missed delineations using the Paint Brush tool and eliminate 

any false delineations using the Eraser tool.  A false delineation does not need to be completely 

erased; it simply has to be broken, see Figure 17. This can be done by clicking the mouse pointer over 

a false delineation with the Eraser tool selected. 
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Figure 17. Editing examples. 

During this stage, the user should spend about five to ten minutes editing the most obvious errors, and 

then once satisfied with the corrections, select Done Editing from the Split menu, see Figure 18.  

Figure 18. Select Done Editing.

The program will now generate the final binary image that will be used to create the size distribution 

for the image with a BI-* designation, i.e. BI-P09C. See Figure 19. 

Paint Brush Tool
Eraser Tool 

An example of 
where a delineation

should be drawn 

An example of a 
delineation that 

should be broken.
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Figure 19. Fully edited binary image of P09C, stored under name BI-P09C. 

3.5 Sizing the particles and computing the distribution 

With the binary image open, select Compute Sizes… from the Split menu to open the Calculate Size 

Distribution dialogue box, see Figure 20. 

Figure 20. Selecting Compute Sizes… and Calculate Size Distribution dialogue box. 

A Percent Fines Adjustment of 10.00 % was applied to this image because there are no fines visible 

on the surface of the material, but the material had not been screened which indicates that there must 

be at least some fines present below the surface.  A Rosin-Rammler distribution was chosen for the 

fitting of the fines because the material was known to conform to this distribution.  
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When the Split Desktop® program calculates the sizes of the particles in a binary image, it determines 

a best fit ellipse for each enclosed area in the image, see Figure 21. 

Figure 21. Best Fit Ellipses for BI-P09C. Note that this image was generated in Split-Online®.
The option to view it in Split Desktop® is not available although the processing step is the 

same for both programs. 

The Major and Minor axis of each ellipse is then computed and the Sieve Size for the particle is esti-

mated to be the square root of the Major×Minor.  The Particle Volume is then estimated to be the 

Sieve Size multiplied by the Area or footprint of the particle in the image, see Tables 1 and 2.  The Ma-

jor and Minor axis of each particle and the Area can be output from the program in the form of a text 

file when the Compute Sizes… step is performed by selecting Write Particle Size and Shape File in 

the Calculate Size Distribution dialogue box. 

Table 1. Headings of the cells in Excel with an explanation of contents. 

Original contents of the text file Calculated values 

image parti-
cle

Major 
axis

Minor 
axis Area Sieve Size Particle Volume 

(Major×Minor) Sieve Size×Area 
BI-P09C 32 96.44 81.08 6141.16 88.43 543045.08 

The particle file generated for BI-P09C was imported into Excel to provide a step by step illustration 

of how the final size distribution in Split Desktop® is compiled.  The data contained in this file will be 

referred to as the Raw Data. 
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Table 2. Summary of particles in BI-P09C. 

Sieve Size Volume Area 
Max. 88.43 543045.08 6141.16 
Min. 2.93 19.82 6.76 

Total 490 9241986.54 215527.13 
 *Count *Summation *Summation

The Raw Data was sorted into each of the following bins using the advanced filter function in Excel, 

and then percentage of the volume retained was calculated for each bin, see Table 3. The bins were 

chosen to correspond to those used in the Latham study, so a comparison could be made to the real 

distribution as well.   

Table 3. Initial Distribution of Raw Data.

Sieve Size 
(mm) Particle Count Vol. Retained % Vol.  

Retained
125 0 0.00 0.00 
90 0 0.00 0.00 
63 12 3329190.00 36.02 
45 20 2385540.51 25.81 

31.5 45 1916309.03 20.73 
20 81 1142323.99 12.36 
14 84 345845.59 3.74 
10 56 82271.27 0.89 
5 102 36476.27 0.39 

Pan 90 4029.90 0.04 
Sum 490 9241986.543  

From the 490 particles found in the image, the program uses a probability function, which is applied to 

each individual particle, to create a distribution that has not been adjusted by the addition of fines or in 

other terms the distribution output by the program with a zero Percent Fines Adjustment.  The effect of 

the probability function can be seen by the redistribution of the volumes in the histogram in Figure 22.

The program redistributes the volumes over a 1000 bins based on the size range determined by the 

initial sizes found in the Raw Data.
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Figure 22. The effect of the probability function on the initial size distribution. 

The volume at the coarser end of the distribution is redistributed to the finer bins causing the peak of 

the distribution to also shift to the left.  This shift is based on the assumption that coarser material is 

overrepresented on the surface of the sample and that the finer material is underrepresented because it 

has percolated down through the gaps created by the larger material.  The probability based redistribu-

tion also has the effect of smoothing out variations in the original Raw Data histogram which can 

cause a bimodal histogram to become unimodal. 

This point leads to the next step in the creating the final distribution estimate and that is the addition of 

“fines”.  The definition of “fines” here may be much coarser than the traditional production definition.  

For the Split program, the fines cutoff is defined as 75 % of the peak of the particle histogram, and for 

this image it is 24 mm because the peak of the histogram occurs around 32 mm.  Therefore, the “fines” 

for this particular image is anything under 24 mm.  When the fines addition is used, the black pixels in 

the binary image are used to estimate the volume that is to be added to the particles below the fines 

cutoff.   The net effect of this is to reduce the relative volumes of the particles above the fines cutoff 

while increasing the volume of those particles below it. This skews the distribution further to the left 

as illustrated in the histogram in Figure 23. 
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Figure 23. The effect of Fines Adjustment.
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Figure 24. Final comparison of the Split Desktop® estimated distribution with the real one. 

The Split (10) data in Figure 24 is the final estimate for the distribution of the material represented by 

the image P09.  When the two distributions are compared, the result of the Split (10) estimation is very 

close to the real distribution of the material present in the image.  This situation is almost an ideal case 

for the Split Desktop® program because the program was able to produce the peak of its particle distri-

bution in approximately the same location as the peak of the real distribution and the distribution was 

unimodal in nature. 
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3.6 Graphs and outputs  

The histograms used above to illustrate how Split generates its sizing distribution were created in Ex-

cel and from the Particle Size and Shape text file.  For general type usage this is not necessary, and the 

program has the ability to output its estimated distribution in a variety of formats.  After the Compute 

Sizes step, the distribution information can be output by selecting Graphs and Outputs from the Split

menu, see Figure 25. 

Figure 25. Selecting Graphs and Outputs from the Split menu. 

This will open the Results Option dialogue box with the first tab Graphing being shown, see Figure 

26.  On this tab, the user can select the options used to display the distribution results in a graphical 

form.  The first option is to show the data either as a cumulative distribution curve or in a histogram 

format based on the selected sizes that will be entered later in this process.  The X axis or Size axis can 

be in either a linear or log scale with the range fixed to the selected sizes of the sieve series or brack-

eted by user specific  values.  The Y axis or Percent axis can be either in a linear, log, or log-log 

(Rosin-Rammler) scale. 

Figure 26. Results Options dialogue box with Graphing tab selected. 
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The Data tab allows the user to output the distribution values to a text file by selecting Write Data to 

File, and to use the Browse… button to select the directory to which the file will be written, Figure 27.  

The user can specify if this file should contain only the combined distribution of all the images that 

were processed, or also include the individual distributions of all images processed. 

Figure 27. Results Options dialogue box with Data tab selected. 

Under the Output tab, the user has the option of outputting a graph by selecting Make Graph and 

more options that can customize the graph itself including a title and the font size and style, see Figure 

28.  These options will be applied to the same graph as the one that is referred to under the Graphing

tab.  By selecting the option Make HTML Page, the program combines the graph and contents of the 

text file written by the Data tab into one *.html file that can be opened in any browser.  The (…) but-

ton is a browse button that allows the user to select the directory in which to save the *.html file. 

Figure 28. Results Options dialogue box with Output tab selected. 
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Under the Sieve Series tab, the user can select which units to size the distribution in and the sizes of 

the sieve series, see Figure 29.  There three default sieve series, US, UK, ISO, that can be used, but 

these sizes are completely customizable if desired. If a customized series is constructed, it can be 

saved as new series that can used for future processing by selecting New Set….

Figure 29. Results Options dialogue box with Sieve Series tab selected. 

The distribution can be calculated by clicking OK with any tab open, and a graphical represent of the 

data will open and the cumulative percent passing values are in the table on the right, see Figure 30.  

At the bottom of the table, the P20, P50, P80, and Top size values are also presented.  The Fines Cutoff

value is also represented on the graph as the transition point where the curve changes from black to 

light gray, and the gray portion of the curve is therefore the estimated distribution of the fines.  
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Figure 30. Graphical output of Split Desktop® program. 

If every sample processed by the Split Desktop® program, had the same characteristics as Image P09, 

in regards to scale, material type, actual distribution and size range of the material in the image, the 

program would have very little difficulty accurately representing changes occurring with in the indi-

vidual samples both qualitatively and quantitatively, but reality is not always this ideal.  
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4 Latham samples

4.1 Introduction 

Latham constructed all the samples in his study to conform to specific Rosin-Rammler distributions,  

P(x) = 100[1- e-ln2·(x/x50)n
]

but the top size of the material that could be used to manufacture these distributions was limited to the 

150mm size which he had on hand.  This in essence created a truncated distribution for those distribu-

tions which were assembled to fit certain coefficients that predicted a much greater top size than a 

150mm. All the volume or weight of material that should have been distributed over multiple size frac-

tions above 125mm was redistributed over the top two coarse bins of 125 -150mm and 90 -125mm. Of 

the ten images that were provided, only three of the images (P09, P14, and P32) were a true represen-

tation of a continuous Rosin-Rammler distribution.   

The percent retained values for each of the distributions were extracted from Figure 9 of the Latham 

paper, see Table 4. There was no weight data presented for Image P32 in the Latham paper, but it is 

assumed that it was constructed as a continuous distribution because the predicted top size for the co-

efficients of (x50=15, n=1.35) is only 69mm. The other images (P01, P10, P29, P46, P49, P59, P67) do 

have a Rosin-Rammler distribution below 90mm, for their reported coefficients, but the top two coarse 

bins deviate from the predicted values. 

Table 4. The redistribution of relative percent weights in the coarse bins of the Latham Sample 
because the top size of the material used to construct the samples was limited to 150mm. 

Image
Predicted

Ros-Ram Top 
Size (mm) 
(99.5 %) 

Predicted
Ros-Ram %  

value for bins
+125 mm 

Actual % of 
weight used 

for bin
125 –150 mm 

Predicted
Ros-Ram % 
value for bin 
90-125 mm 

Actual % of 
weight used 

for bin 
90 –125 mm 

P01 169 4 0 13 17 
P10 206 7 10 9 8 
P29 415 16 21 10 5 
P46 192 3 0 4 8 
P49 569 17 21 8 5 
P59 1 825 25 21 6 10 
P67 985 15 16 5 5 

In addition to the redistribution of volumes in the coarse bins, Images P46, P49, P59, and P67 also 

contained large amounts of material that could be considered under the resolution of the system, see 

Table 5. 
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Table 5.  Images with a significant percent of material under 10mm in the Latham Samples. 

Image 
Actual % of weight 

used for bins 
<10mm  

P46 31
P49 25
P59 32
P67 41

An explanation as to why 10mm was chosen as the minimum size that could be resolved by the pro-

gram at this scale will be explained later in the text, but for now this should be sufficient as a descrip-

tion of the material. 

4.2 Analysis

The Latham images provided a set of samples where all variables, except the size distribution, were 

held constant.   

• The samples were all imaged under the same lighting conditions. 

• The same material type was used to construct all the samples. 

• All images had a possible top size of 150mm. 

• All images had the same scale. 

Latham also states that all the samples conform to a specific Rosin-Rammler distribution, and while 

this was true for all the samples in the middle and lower portions of the distribution, not all the sam-

ples could conformed to their specific distribution in the coarse because the top size predicted by their 

coefficients far exceeded 150mm. 

Despite the discrepancy, in some of the samples, between a true Rosin-Rammler distribution and their 

actual distribution, the samples still provided a data set that could be used to analyze how well the 

Split Desktop® program could distinguish between a wide range of varying distributions of the same 

material. With this in mind, all the Latham images were run with a fines factor of 30%, to analyze how 

each distribution would be computed given all the same inputs.  

• The images were initially delineated using the Autoparameters function. 

• Then each image was then edited manually for approximately 10 minutes to ensure proper de-

lineations 

• And finally all images had a fines factor of 30% applied. 
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Four sieve values of 125mm, 45mm, and 10mm were chosen to represent the coarse, middle and fines 

portions of the curves respectively to give an indication of how well the program preformed in esti-

mating the distribution of each sample, see Figure 31. 
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Figure 31. Trend of Latham images for the 125mm, 45mm, and 10mm sizes. Filled symbols de-

note sieve values, open symbols Split values. 

The images are ordered from left to right on the x axis by decreasing “n” values, and it appears that as 

the “n” value decreases, Split has a more difficult time determining the correct distribution.  In gen-

eral, this should be the case when using only a single image, but there is another influencing factor 

here which is magnifying this effect.  The volume above 125mm needed to create some of the distribu-

tions was not evenly distributed to larger sizes, but instead it was all placed in the 125mm-150mm bin 

creating in essences a bimodal distribution which can not be effectively sized by Split because the 

probability function assumes a unimodal distribution.  

Image 49 provides an example of this effect, see Figure 32. If the percent of volume retained in each 

bin is compared, instead of the percent cumulative passing values, it is clear that Split performed very 

well in estimating both the fines and middle portions of the curve, but greatly overestimated the vol-

umes in the coarse bins above 63mm.  (The Percent Fines Adjustment could be increased to around 

50% to achieve an even closer match in the middle and fines regions, but that is a separate issue that 

will not be discussed here). This is some what of a counterintuitive result because it is assumed that an 
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image processing program will or should always be more accurate in the coarse regions of the distribu-

tion where the particles can be easily distinguished.    
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Figure 32. Histogram of the Split estimated values with the actual Screen values. 

It could be concluded from the above histogram in Figure 32, that a large number of the particles that 

were classified as being <125mm were right at the boundary and maybe should not have place there, 

but in the bin above which would account for the discrepancy.  

To verify if this was true, the Raw Data, which is comprised of just the particles contained in the im-

age, was added to the above plot, see Figure 33. 
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Figure 33. Histogram of the Split estimated values with the actual Screen values and Raw Data

values. 

The Raw Data does show that the particles do appear to have been sized correctly, and their volumes 

then allocated to the correct bins, even if the volume >125mm is extremely overestimated. But the 

probability function has completely altered the distribution of the Raw Data; a unimodal distribution 

can not have a shape like that which was seen in the Raw Data.

This problem of assuming a unimodal distribution causes dramatic errors in the comparison of the fi-

nal distribution estimated by the Split program and real distribution of the material. When Split is pre-

sented with a multimodal distribution, the error is usually present in the intermediate size fractions of 

the distribution when the cumulative distributions are compared especially if the gap in the distribution 

is located in the coarse fractions and the error carried through the whole distribution, see Figure 34.  

The Split Desktop® program can not be adjusted to correctly handle this type of distribution. 
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Figure 34. Cumulative size distribution comparison of the Split results and the real distribution. 

From the Raw Data for all the images, a cut off 10mm was chosen to represent the absolute minimum 

resolution of the Split Desktop® program, for these images at this scale, because very few particles 

were discerned below this point.  This 10mm value represents the calculated Sieve Size from the pro-

gram. In order to get a feel for what this size represents in an image, the Major and Minor axes for a 

particle of that Sieve Size need to be estimated.  To do this, it will be assumed that the Major (M) axis 

is twice that of the Minor (m).  Therefore: 

Sieve Size = (2×m2)

10mm = (2×m2)

50mm2 = m2

m = 7.07mm 

M = 14.14mm 

Then M and m need be converted to a pixel value by being multiplied by the scale (0.86 px/mm): 

m  7.07mm×0.86px/mm = 6.08 px 

M 14.14mm×0.86px/mm = 12.16 px 

An example of the 10mm cut off size is given for image P67 in Figure 35. 
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Figure 35. Image P67 – the small black rectangle represents an area that is 12 × 6 pixels or the 

equivalent of a 10mm Screen Size for the Split Desktop program. 

Another indication that a particular image may produce inaccurate results is the product of the Fines

Cutoff and the scale.  When the Fines Cutoff of the image is multiplied by the scale of the image, and a 

small product is produced there is a large possibility that the field of view or the area being imaged by 

the camera is too large and the material should be zoomed in on. Table 6 gives the Fines Cutoff data

Fc for the Latham images. 

Table 6. Fines Cutoff of each image in the Latham Study multiplied by the Scale (0.86 px/mm). 

Image Fc(mm) Fc×Scale
BI-P01C  37.0 31.82 
BI-P09C  24.0 20.64 
BI-P10C  25.5 21.93 
BI-P14C  16.0 13.76 
BI-P29C  27.0 23.22 
BI-P32C  16.0 13.76 
BI-P46C  13.0 11.18 
BI-P49C  24.5 21.07 
BI-P59C  12.0 10.32 
BI-P67C  14.5 12.47 

A good general rule of thumb to use as a guideline when processing an image in Split Desktop is to 

ensure that the product of the Fines Cutoff and the scale is around than 16.  A product that is greater 

will not have an adverse effect on the final results, but a product that is smaller indicates that the mate-

rial may not be accurately estimated. 
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Because the material, in the last four images, was comprised of a broad range of size fractions, a sec-

ond image should have been taken to represent the entire size range. A smaller “n” value (a “n” of 0.9 

or lower) is a good indication that two or more images may need to be taken of the material to get a 

representative sample that can be processed in the program and produce an accurate result.  Simply 

stated, material that has a broad range of sizes may need multiple photos to accurately represent both 

the upper sizes and finer sizes of its distribution especially if the finer sizes of interest are below the 

resolution of limit of the program when the broad overall image is taken.  This was the case of the last 

four images of the Latham sample where a large portion of the material was below 10mm and the “n” 

value of the sample were 0.9 or less. 

4.3 Conclusions

The Latham samples provided a varying range of different distributions comprised of the same mate-

rial and photographed at the same scale under the same conditions.  It can be concluded from the 

analysis of all the images that the Split Desktop® program can produce accurate distributions for some 

types of distributions with only one photo. Mainly those that contain a narrow range of sizes (small 

“n” values) and the distributions are unimodal.  Some of the images were also taken at a resolution or 

scale that was too small for the program to accurately resolve the smaller particles.  This was indicated 

by the fact that the product of the Fines Cutoff and the scale was less than 14 which is the recom-

mended minimum.  
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5 Nordkalk samples 

5.1 Introduction 

The images used for this analysis were collected from a Fragscan camera system at the Nordkalk Klin-

thagen quarry from May 9th, 2003 through June 13th, 2003 for the Swebrec “Less Fines” project to de-

termine the effects of blasting on size fragmentation. (Ouchterlony et al. 2004). A total of nineteen 

images were collected, saved, and processed.  

The material imaged under the camera for each of the samples was sieved by Nordkalk down to 8mm, 

and for those images taken in May, the remainder of the sample was screened by Montanuniversität 

Leoben (MUL)  in Austria down to 0.063mm.  The full sieve series was comprised of the following 

screens in mm: 0.063, 0.100, 0.125, 0.25, 0.50, 1.0, 2.0, 4.0, 6.3 from the MUL lab, 8.0, 12.5, 25.0, 

31.5, 50, 75, 100 from the Nordkalk lab, 200 from a rebar screen that the material was passed through 

as the sample was taken off the belt. 

The Fragscan camera was located over a belt that carries both ROM (Run of Mine) material and mate-

rial processed by the primary crusher. As the trucks dumps into the primary crusher, the ROM material 

is segmented by a roller grizzly with a 250 mm spacing.  The –250 mm portion bypasses the primary 

crusher and goes directly onto the belt, while the +250 mm portion is crushed.  The teethed roller pri-

mary crusher has a gap setting of about 265 mm. See explanation in  Appendix D. 

5.2 Analysis

5.2.1 Lighting Quality 

The quality of the images captured at Nordkalk proved to be a hindrance because there appears to be 

only a single high intensity light source providing the illumination for the entire image area. This re-

sulted is a two fold problem:  inconsistent lighting and insufficient lighting.   

Inconsistent lighting will produce darker and lighter areas in an image that cause problems during im-

age processing, see Figure 36. Even if multiple lighting sources are used, inconsistencies can still oc-

cur if the respective illumination areas of each lighting source do not overlap. This problem is magni-

fied though when a single light is used because there will now inherently be shadows cast by the mate-

rial on the belt as it is lit from single direction.  There are also saturated pixels (very bright almost 

white pixels) in the image that are caused by high intensity light being reflected directly into the cam-

era from the surface of a rock. The lighting source for these images provides a high concentration of 

light over a small area, but what is needed for an image analysis system is not concentrated light. The 

system needs sufficient even illumination over the entire image area from both sides of the belt. 
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Figure 36. Image quality issues in the Nordkalk images. 

Insufficient ambient lighting does have an impact on processing because its effect is manifested in the 

image, but it is the result of the electronics of the camera.  If overall lighting levels are below (or near) 

the sensitivity level the camera’s CCD, the images captured by the camera will appear “grainy”.  This 

graininess can easily be seen in the following image which is the result of an overall lack of ambient 

light 

In an attempt to make the images more suitable for processing, the images were first subjected to a 

Smooth, Smooth, Sharpen step in Split Desktop.  These processing algorithms can be found under the 

Process menu in Split Desktop where there is a suite of different basic image processing algorithms 

that can be applied to an image.   

The results of the Smooth, Smooth, Sharpen are presented in Figure 37. Some of the graininess has 

been removed while preserving particles boundaries, but the image is still not of a standard that is op-

timal for processing. However, there is not much that can be done to enhance a poor quality image.  

The image has also been manually cropped to eliminate as much of empty belt as possible from the top 

and bottom of the image while maintaining all the particles. This lessened the editing time after proc-

essing that would be needed to remove it then. 

Saturated 
Pixels

Reoccurring 
shadow 

Biased Di-
rectional 
Shadows 
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Figure 37. Nordkalk image after preprocessing and cropping. 

The image quality was not as much of a concern for analysis in Split Desktop® because the user can 

manipulate the delineations after processing, but it could cause problems for the Online system which 

does not allow for user intervention before the sizing step.  The quality of these images did allow for 

processing, but the editing time had to be increased due to the fact the boundaries of the particles area 

were less defined making it difficult, even for the human eye to discern were the proper delineations 

should be drawn. 

After the images had been preprocessed to reduce the negative effects of poor lighting all the images 

in the sample were set to a scale of 1.1 px/mm and run through the software with the autoparameters

function selected. Approximately 10-15 minutes per image was spent to correct the delineations in the 

editing step, and then all the images were sized with a 30% fines adjustment. 

5.2.2 Misrepresented Scale

After the initial run of the Nordkalk images with the scaling factor of 1.1 px/mm provided by 

Fragscan, it was observed that the Split curve was conspicuously finer in the sieving results, but 

tended to have the correct shape. (Ignoring the 200mm point.)  The result from the sampling on June 

6th is shown in Figure 38 to illustrate this point. 
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 Figure 38. Split result compared to Sieve result showing the shift in the distribution.  

To verify the scaling the factor, Bruno Tessier from Fragscan was contacted and he provided an image 

from the system with an object known size in the camera’s field of view, see Figure 39. 

Figure 39. The scaling image provided by Bruno Tessier. 

Length = 198 mm 
Pixels = 182 px 
Scale = 0.92 px/mm
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The length of the longest wrench in the set was thought to be around 190mm.  To be sure of this, a 

measurement was taken of the longest wrench in a similar set, and that measurement came out to be 

198mm.  This is the value that was used to calculate a new scale of 0.92 px/mm.  But this scale is for 

objects that are occurring at the bottom of the belt, not at the surface of the material as it is passing 

below the camera.   

The scale needs to be adjusted to the top of the material which is being sized by the software.  It is as-

sumed that the zoom of the lens or the focal length used to capture the scaling image is the same for 

the scaling image and the images that were captured for processing.  Because there is a direct relation-

ship between the scale of an image and the distance between the camera and the surface of that image, 

it can be assumed that if the distance between the camera the image surface changes by 20%, the scale 

will also change by 20%.  

From the initial installation report of the Fragscan system, the camera is 1.8m above the bottom of the 

belt, and assuming that the material has an average approximate depth of 20 cm, the distance from the 

top of the material surface to the camera is 1.6m, see Figure 40. This is a change in distance of -

11.1%; therefore, the new scale at the surface of the material is 0.92 / 0.889 = 1.03 px/mm. 

Figure 40. Illustration of camera installation. 

A difference of 0.07 px/mm is not sufficient enough not to justify rescaling, but the difference between 

the screening result and the Split data is still significant and present.   Because the error is present in 

all the samples and apparently consistence, to simplify the comparison between the two data sets, the 

images were rescaled to a value that brought the two sets closer to agreement.  The images were re-

scaled to a value of 0.82 px/mm and the result is illustrated below with the image taken on the 6th of 

June, see Figure 41. Again the value of 0.82 px/mm has been selected to aid in the comparison of the 
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data, and it has only been selected by inspection. The real reason as to why there is a disparity between 

the two sets is unknown. 
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Figure 41. The new distribution after the adjustment in scale compared to the Split distribution 

with the original scale and the sieve results. 

5.2.3 Missing 200-mm material 

The other disturbing fact was the consistent error in –200 mm value for all the samples in the Nord-

kalk study. It has already been concluded that the material has a bimodal distribution because of the 

way it has been processed at the Primary Crusher, but from the Raw Data generated for these samples 

there were no particles greater than 200mm detected at all.  Because of this it can be concluded the 

error is not a result of the probabilistic function smoothing out a bimodal distribution found in the Raw 

Data, as seen in the Latham samples.  The trend of the 200mm point for the Split data and the sample 

results, do however show similarities, see Figure 42. The root cause of why this is occurring is not un-

derstood, but it could also be a result of what ever is causing the scale to be misrepresented. 
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Figure 42. The 200mm trend of all the images in the Nordkalk study. 

But despite all the flaws in the installation at Norkalk, if the trends of the points below 200mm are ex-

amined, very good correlations between the Split data and the actual distributions on the belt can be 

seen in Figure 43. The Split trends are based upon the adjusted scale of 0.82 px/mm. 

Nordkalk Trend Comparison
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Figure 43. 100mm, 50mm, and 8mm trend comparison of the Split Results and the actual distri-

butions. 

This is a very good indication that the Split program can give pertinent data that can be used in process 

control, even if the absolute values are far from accurate. 

All the images from the Nordkalk study also pass the Fines Cutoff test. Table 7 shows the result for all 

the images collected. 
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Table 7.  The results of the Fines Cutoff test. 

Image Fc FcxScale 
BI-0508 65 53.30 
BI-0509 76 62.32 
BI-0512 49 40.18 
BI-0513 62 50.84 
BI-0514 65 53.30 
BI-0515 62 50.84 
BI-0516 63 51.66 
BI-0519 56 45.92 
BI-0520 63 51.66 
BI-0521 61 50.02 
BI-0522 65 53.30 
BI-0523 51 41.82 
BI-0603 67 54.94 
BI-0604 64 52.48 
BI-0605 42 34.44 
BI-0606 38 31.16 
BI-0610 45 36.90 
BI-0611 68 55.76 
BI-0612 69 56.58 
BI-0613 77 63.14 

5.3 Conclusions

Imaging material in a production environment is not as easy as just putting up a camera and allowing 

the system to acquire and process images, and then have the expectation of accurate final results.  The 

installation at Nordkalk did have some issues that needed to be addressed: 

• The lighting issue – Whether the lights have not been maintained and one or more of the lights 

are burnt out or simply there was never sufficient install at commissioning, in order to acquire 

a higher quality image more illumination is needed.  The problem was overcome to some ex-

tent by applying some enhancing algorithms, but it would be better to start with a crisp image. 

• The scaling and camera positioning – The initial scale reported for the system was calculated 

at the bottom of the belt instead of being representative of the actual height of the materials 

surface.  The process of correcting this flaw was relatively straight forward with an assumed 

height for the material when the belt is loaded, but large particles on the surface of the mate-

rial were also distorted because the distance from their surface to the camera changed suffi-

ciently enough to also cause a change in scale.  Because of this the camera should raised to an 

appropriate height above the belt as to reduce this effect. 

The results of the images processed in Split, after known issues were compensated for as best as pos-

sible, provided an accurate trend of the -200 mm material. The +200mm results were trended correctly 

too, even if there was a substantial error between the true passing values and those reported by Split. 
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6 Vändle samples 

6.1 Introduction 

The images used for this analysis were collected from test piles of rock from muckpiles in the Vändle 

granite quarry in middle Sweden (Ouchterlony et al. 2005). This work was part of MinBaS project 

1.22: Optimal fragmentation in quarries, which had the goal of delivering a description of how the 

blasting in the quarry could be changed to obtain the desired feed into the primary crusher.  

A comparison between digital analysis of the fragmentation and sieving results was made during the 

project. The test piles each consisted of 300-700 ton of rock out of which about 100 ton was sieved in 

a procedure were 250 and 150 mm spacing grizzly values, #100 and 40 mm sieve values and labora-

tory sieving plus the Swebrec distribution (Ouchterlony 2003) were used to  construct the whole frag-

ment size distribution. The agreement between the two methods wasn’t very good but it is the analysis 

of the photos, which in focus her. 

6.2 Analysis

The images of the piles were either taken with an Olympus U20D digital camera at a resolution of 

2048×1536 or with a Sony Cybershot camera at a resolution of 1280×960 for the overhead pictures of 

the piles and side pictures of Piles 3 and 4. The side pictures of Pile 2 were also taken with the Sony, 

but at a resolution of 640 ×480.  The full resolution of the images taken with Olympus was too large to 

be processed by the program, and they were reduced by 75% to a resolution of 1536×1152 that could 

be handled by the program. The pile positions are shown in Figure 44. 

Figure 44. Relative locations of the piles at the Vändle quarry. 

N



The capacity of image analysis …using Split Desktop®                                    Swebrec Report 2005:2 

44

6.2.1 Pile 1 

All the images of Pile 1 were taken from the boom truck at a height of about 3m above the pile.  The 

first two images were taken with the Sony camera and the final 5 five were taken with the Olympus.  

All the images were taken of the east section of the pile, and because Pile 1 appeared to be comprised 

of very homogenous material. It was deemed that these seven images it was sufficiently represented 

the whole pile.  The first image of Pile 1 is shown in Figure 45 as an example of the visual distribution 

of the pile. Individual cumulative distribution data are given in Table8. 

Figure 45. Image Top 1 of Pile 1 of the Vändle study. 

Table 8. The combined and individual distributions of all the images for Pile 1. 

Size 
mm

 All  
images  

Top 1 
%

Top 2 
%

Top 3 
%

Top 4 
%

Top 5 
%

Top 6 
%

Top 7 
%

750 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
500 95.98 97.35 91.46 98.63 90.21 100.00 97.50 97.56 
300 78.27 73.97 72.12 84.36 70.15 91.57 78.29 82.82 
250 71.10 64.94 65.92 77.60 64.39 84.53 70.42 76.07 
200 62.74 56.10 59.56 69.62 57.88 75.21 61.30 67.28 
150 53.02 47.07 52.69 60.43 50.53 63.72 51.15 55.81 
125 47.60 42.38 48.50 55.79 46.51 57.09 45.53 49.64 
90 39.35 35.47 41.76 47.59 40.81 47.70 37.25 40.49 
63 32.54 28.94 35.48 39.93 35.07 38.70 30.80 32.04 
45 26.61 23.87 30.42 33.82 30.38 31.64 25.61 25.68 

31.5 21.48 19.46 25.83 28.36 26.09 25.54 21.04 20.30 
20 16.36 15.00 20.99 22.67 21.51 19.45 16.39 15.04 
14 13.21 12.23 17.84 19.01 18.48 15.70 13.46 11.89 
10 10.82 10.12 15.36 16.16 16.08 12.87 11.22 9.55 
5 7.25 6.91 11.39 11.68 12.18 8.61 7.78 6.13 
2 4.00 3.89 6.96 6.96 7.59 4.76 4.45 3.24 
1 2.00 1.95 3.48 3.48 3.79 2.38 2.22 1.62 
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The results of the all the images did not vary dramatically, they lie in the range x50 = 100-166 mm. 

This is consistent with the observation in the field that pile did not seem to have much segregation. 

6.2.2 Pile 2 

This pile was largest and had the most images taken of it, see Figure 46. There was a very distinct seg-

regation of material that ran east west through the pile. The north side of the pile was very coarse and 

the south sections contained more fines although the top of the pile in the southern section was still 

comprised of relatively coarse material. All the side pictures were taken with the Sony camera at reso-

lution of 640×480 by Hiroyuki Arai. Of the Top pictures, all but the first four were taken with the 

Sony at a resolution of 1280×960, and the first four were taken with the Olympus at 2048×1536 and 

then reduced to 1536×1152 in order to be processed in the program. 

Figure 46. Simplified location map of the images taken of Pile 2. 

Because there were so many images of this pile, a criterion was needed for choosing which images 

that were going to be processed.  In an attempt not to introduce any bias that could be caused by only 

selecting specific images, it was decided to process only every other image for top surface and every 

sixth image of the side.  When the side images chosen it was not evident that at some of the locations 

multiple photos were taken, and therefore as a result the side images do not reflect a consistent sam-

pling spacing.  This inconsistency does not bias the results however. 

All the images were run at their full resolution and set to be processed with the Autodelineation func-

tion and a 50% Fines Addition.  Approximately 25 minutes was needed to edit the Top images because 

of their large resolution, and approximately 10 minutes for the lower resolution side images.  A com-

parison between the corresponding Side and Top images is presented below in Table 9. 
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Table 9. A comparison of data between corresponding Top and Side images for Pile 2. 

Size 
mm

Top 1 
%

Side 21 
%

Top 3 
%

Side 1 
%

Top 9
%

Side 13 
%

Top 11 
%

Side 8 
%

750 99.37 96.76  100.00 100.00  98.84 100.00  91.01 100.00 
500 93.18 76.58  98.25 95.06  86.30 93.49  69.65 98.80 
300 69.63 57.99  79.82 80.01  60.66 69.46  47.78 79.84 
250 58.54 54.13  69.94 72.54  52.35   59.28  43.14 70.27 
200 47.09 50.18  57.97 63.15  43.99   47.44  37.06 59.48 
150 36.04 44.80  45.02 52.41  35.05   36.36  30.47 48.76 
125 30.28 41.40  38.89 46.34  30.23   30.57  26.90 42.85 
90 22.13 35.90  29.54 37.22  23.14   22.36  21.49 33.93 
63 15.74 30.74  21.91 28.62  17.30   15.92  16.83 26.32 
45 11.41 26.57  16.52 22.14  13.15   11.56  13.37 20.71 

31.5 8.11 22.77  12.24 16.86  9.83     8.23  10.47 16.06 
20 5.26 18.77  8.37 11.94  6.79     5.34  7.69 11.64 
14 3.74 16.15  6.21 9.10  5.08     3.80  6.03 9.05 
10 2.71 14.14  4.71 7.09  3.89     2.76  4.84 7.19 
5 1.41 10.96  2.70 4.31  2.27     1.44  3.14 4.56 
2 0.56 4.38  1.08 1.73  0.91     0.58  1.26 1.82 
1 0.28 2.19  0.54 0.86  0.45     0.29  0.63     0.91 

Of the four comparisons, two match very well (Top 3 with Side 1; Top 9 with Side 13) and two have 

no similarities at all (Top 1 with Side 21; Top 11 with Side 8).  It unknown why this  difference is oc-

curring, but it was noted that the orientation of the Top images to the Side images was different.  If the 

long axis of the Top Image was aligned with the top of the Side Image the distributions seemed to 

match, but if the short axis was aligned with the top the of the side image the distributions differed 

tremendously.  This could be attributed to the fact the top image is  representing more of the middle of 

the pile and not just the outside perimeter when its long axis is projected into the pile.  

Piles 3 and 4 contained only about 25-30% of the volume that was represented by Piles 1 and 2.  When 

doing comparisons like this it is optimal to compare similar volumes of material, but time and weather 

constraints did allow us to wait for Piles 3 and 4 to be fully mucked out before imaging them.  All the 

images of these piles were taken with the Sony Cybershot camera at a resolution of 1280×960 and 

processed at that resolution. 

6.2.3 Pile 3 

There were 14 images of Pile 3 that were taken in total, 2 of the top and 12 of the sides, see Figure 47.  

Of those images both the top pictures and every other side image was used to create the final distribu-

tion estimation for the pile.  There is no a similarity between the individual side images and the top 

image to the location of the sides as shown in Table 10. 
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Figure 47. Simplified location map of the images taken of Pile 3. 

Table 10. Comparison of the top images from Pile 3 with the side images that correspond. 

Size 
mm

Top 1 
%

Side 3 
%

Side 5 
%

Side 7 
%

Size 
mm

Top2 
%

Side 1 
%

Side 9 
%

Side 11 
%

750 100.00 100.00 100.00 100.00 750 100.00 99.03 100.00 100.00 
500 95.54 100.00 100.00 100.00 500 96.86 89.54 94.88 100.00 
300 72.78 90.82 92.86 98.55 300 85.65 65.52 78.51 95.73 
250 64.32 82.10 87.12 93.39 250 77.96 57.66 72.12 88.52 
200 55.48 69.94 79.30 84.22 200 67.94 48.44 64.00 77.91 
150 45.58 55.61 67.85 70.47 150 55.71 38.32 53.80 63.67 
125 40.43 48.18 60.34 62.78 125 49.56 32.91 47.58 56.24 
90 31.96 37.22 46.84 52.17 90 39.75 25.19 38.47 45.80 
63 24.74 28.74 35.02 42.27 63 31.27 18.65 30.73 36.53 
45 19.44 22.48 25.94 34.67 45 24.93 14.04 24.58 29.40 

31.5 15.04 17.31 18.33 28.08 31.5 19.60 10.38 19.38 23.33 
20 10.88 12.43 11.78 21.54 20 14.46 7.08 14.36 17.43 
14 8.43 9.59 8.32 17.49 14 11.40 5.24 11.35 13.87 
10 6.68 7.56 6.00 14.51 10 9.18 3.97 9.17 11.27 
5 4.22 4.71 3.07 10.07 5 5.99 2.26 6.01 7.50 
2 1.69 1.88 1.23 4.03 2 2.40 0.90 2.41 3.00 
1 0.84 0.94 0.61 2.01 1 1.20 0.45 1.20 1.50 
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6.2.4 Pile 4 

A total of 11 images were taken of for Pile 4, again 2 of the top and the remainder of the side, see Fig-

ure 48.  The top images and their corresponding sides again showed very little similarity, see Table 11. 

Figure 48. Simplified location map of the images taken of Pile 4. 

Table 11. Comparison of the top images from Pile 4 with the side images that correspond. 

Size 
mm

Top 1 
%

Side 1 
%

Side 3
%

Side 5
%

Size 
mm

Top 2
%

Side 7 
%

Side 8 
%

Side 9
%

750 100.00 98.52 100.00 100.00 750 98.83 100.00 100.00 100.00
500 98.52 88.85 99.64 99.89 500 91.43 100.00 93.66 96.54
300 83.97 73.56 85.56 87.28 300 74.87 88.20 73.75 83.33
250 75.26 67.33 76.00 79.58 250 68.53 80.27 64.63 75.39
200 64.89 60.39 63.60 68.93 200 61.29 68.74 54.65 65.66
150 52.96 53.31 49.84 55.79 150 53.58 55.39 44.85 54.61
125 46.71 48.76 42.85 48.37 125 49.77 49.17 39.38 49.31
90 37.38 41.51 32.71 37.49 90 42.48 38.28 31.14 40.32
63 29.53 34.84 24.23 28.20 63 35.74 29.16 24.12 32.38
45 23.30 29.54 18.26 21.56 45 30.39 22.55 18.95 26.33

31.5 18.11   24.80 13.52 16.21 31.5 25.57 17.17 14.67 21.14
20 13.16 19.92 9.23 11.29 20 20.61 12.15 10.61 16.03
14 10.25 16.78 6.84 8.49 14 17.41 9.26 8.23 12.91
10 8.15 14.42 5.18 6.53 10 14.98 7.22 6.53 10.61
5 5.18 10.75 2.96 3.87 5 11.22 4.39 4.12 7.24
2 2.07     4.30 1.18 1.55 2 4.49 1.76 1.65 2.90
1 1.04     2.15 0.59 0.77 1 2.24 0.88 0.82 1.45
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When the final distribution of each pile is examined in Table 12, it is clear that there is little difference 

in the sizes of Pile 3 and Pile 4, Pile 1 is again very similar but could be construed to be a little finer in 

the middle sizes than Piles 3 and 4, and Pile 2 is by far the coarsest of all the piles.  These results are 

consistent with what was observed in the field, but it the similarity between Pile 3 and Pile 4 is re-

markable. 

Table 12. The final distribution of each pile. 

Pile 1 Pile 2 Pile 3 Pile 4 Size  
mm All images 

%
All images 

%
All images 

%
All images 

%
750 100.00 98.28 99.89 99.39 
500 95.98 89.16 95.81 94.94 
300 78.27 69.31 80.46 79.84 
250 71.10 61.35 73.17 72.03 
200 62.74 52.20 64.04 62.38 
150 53.02 42.08 52.83 51.12 
125 47.60 36.79 46.56 45.03 
90 39.35 29.19 36.40 36.02 
63 32.54 22.71 27.32 28.16 
45 26.61 17.86 20.94 21.78 

31.5 21.48 13.84 16.62 16.58 
20 16.36 10.03 12.42 11.73 
14 13.21 7.79 9.88 8.95 
10 10.82 6.18 8.03 6.97 
5 7.25 3.91 5.34 4.24 
2 4.00 1.57 2.14 1.70 
1 2.00 0.78 1.07 0.85 

There was initially some concern when comparing the distribution of Pile 2 to other the distributions 

because the side images of Pile 2 were at a much lower resolution than the side images of the other 

piles.  An experiment was designed with one of the side images from Pile 3 to determine what effect 

the resolution did have on the final distribution. 

6.2.5 A Difference of Resolutions 

The resolution at which an image is processed at in the Split Desktop® program will determine the ac-

curacy of the resulting size distribution and influence the time needed to sufficiently edit the initial 

delineations.  Because the time needed to process an image is of just as much importance as the accu-

racy of the final result, a general guide to the aid a user in selecting the appropriate resolution for his 

or her image has been developed.  The following is only a guide to be used in selecting the appropriate 

resolution.  The user can deviate or completely ignore the provided suggestions if he or she suspects 

that these recommendations are not valid at their site or for their material. 
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From experience, and as exemplified here, there is a relationship between the Fines Cutoff and the op-

timal resolution at which to process an image.  If the Fines Cutoff is expressed in terms of pixels rather 

than units, an optimal Fines Cutoff is around 14-16 pixels.  The Fines Cutoff can be expressed in terms 

of pixels by multiplying the unit value of the Fines Cutoff by the scale of the image, see Table 13. For 

example, the pixel value of the Fines Cutoff for image Side 5 of Pile 3 at three different resolutions are 

as follows. 

Table 13. Scale information and Fines Cutoff in terms of units and pixels at each resolution of 

image Side 5 of Pile 3. 

1280×960 640×480 320×240 
Scale Top (px/cm) 3.52 1.88 0.89 

Scale Bottom (px/cm) 6.78 3.30 1.65 

Average (px/mm) 5.15 2.59 1.27 

Fines Cutoff (cm) 5.5  6.6 8.0 

Fines Cutoff (px) 28.31 17.12 10.16 

To determine the Fines Cutoff, a user needs to run the image through the program at a large resolution 

with the correct scale. Here are the quick steps and the user will need to perform in order to determine 

a rough estimate of the Fines Cutoff value. (The Fines Cutoff is relatively independent of resolution, 

but it is determined by the software so an image must be processed in order to determine its value.) 

1. Open the image in the software. 

2. Scale the image. 

3. Process the image. 

4. Perform some very quick editing. (Just to eliminate the most obvious errors) 

5. Size the image with some Fines Percentage added. (The Fines Cutoff will not be output if no 

fines adjustment is performed.) 

6. Output the data either in a text file or html format to see the Fines Cutoff value. 

Images with a large resolution will always require a longer editing time, but a higher resolution does 

not always ensure a substantial increase in the accuracy of the final sizing result.  To illustrate this 

point an image from the Vändle samples was processed at three different resolutions and the results 

are presented in Table 14. 
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Table 14. Comparison of resulting size distribution of image Side 5 from Pile 3 of Vändle sam-

ples processed at different resolutions. 

Side 5 of Pile 3 
Size  
mm

1280×960
%

640×480
%

320×240
%

750 100.00 100.00 100.00 
500 100.00 100.00 100.00 
300 92.86 91.96 95.75 
250 87.12 86.02 89.89 
200 79.30 78.05 81.12 
150 67.85 65.92 66.69 
125 60.34 57.60 56.39 
90 46.84 43.26 40.42 
63 35.02 31.92 28.43 
45 25.94 23.90 20.14 

31.5 18.33 17.58 13.97 
20 11.78 11.88 8.77 
14 8.32 8.73 6.09 
10 6.00 6.53 4.31 
5 3.07 3.59 2.12 
2 1.23 1.65 0.83 
1 0.61 0.87 0.41 

Fines Cut-
off (cm)  5.5 6.6 8.0 

The table shows the distributions resulting from the higher resolutions images were not significantly 

different from that of the image with the lowest resolution.  The time spent editing each image was 

significantly different though.  The 1280×960 image took approximately 25 minutes to go through and 

correct, the 640×480 took about 15 minutes, and the 320×240 took less than 5 minutes to correct.   

For this image, the optimal resolution would have been between that of the 640×480 and the 320×240.  

The largest discrepancy in values does occur in the lowest resolution image, and by observing the 

pixel value of the Fines Cutoff it would be a considered below the optimal resolution at which an im-

age should be processed. 

Again this is provided as a reference.  The Fines Cutoff is not always a reliable value and because of 

this using it to determine the correct resolution at which to process an image is not always a straight 

forward determination.  The effect of processing an image at a resolution that may be considered too 

large is to only increase the editing time, but to run an image at a resolution that is too small can have 

an adverse affect on the accuracy of the final size distribution. A user should always be aware of these 

effects. 
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6.2.6 Individual Images versus Large Composite 

The large resolution images of the Vändle study allowed for the comparison of a distribution estimated 

from one large resolution image, covering a large area, versus the estimated distribution of the same 

area, with four individual images at half the resolution.  This was done by sectioning the binary image 

of Side 5 of Pile 3 into quarters and then running the four images together in the program for a com-

bined result.  The results are shown in Table 15. Segmenting the binary ensured that the delineations 

of the images were the same and the only change between the distribution of the combined quarters 

and the entire image would be the results of the combining algorithm and/or any particles that were 

broken when the image was segmented. 

Table 15. The individual and combined results of the four quarters of Side 5 of Pile 3 and the 

distribution of the same area when run as a single image (Entire Side 5). 

Size 
mm

Side 5-1 
%

Side 5-2 
%

Side 5-3 
%

Side 5-4 
%

Combined
%

Entire 
%

750 100.00 100.00 100.00 100.00 100.00 100.00 
500 100.00 100.00 100.00 100.00 100.00 100.00 
300 100.00 95.64 100.00 80.94 96.21 92.86 
250 98.98 89.07 100.00 69.10 91.97 87.12 
200 94.61 79.87 97.97 57.32 85.33 79.30 
150 83.77 66.93 89.27 46.95 74.32 67.85 
125 75.56 59.25 79.73 41.33 66.35 60.34 
90 58.47 46.17 59.83 32.18 50.92 46.84 
63 43.01 34.30 40.84 24.95 36.38 35.02 
45 32.54 26.36 28.45 19.41 25.82 25.94 

31.5 24.03 19.81 19.26 14.86 17.48 18.33 
20 16.33 13.77 11.72 10.57 10.63 11.78 
14 12.05 10.34 7.93 8.09 7.20 8.32 
10 9.04 7.89 5.49 6.28 4.99 6.00 
5 5.01 4.52 2.58 3.73 2.34 3.07 
2 2.31 2.18 0.95 1.90 0.86 1.23 
1 1.31 1.29 0.44 1.17 0.40 0.61 

The individual results were what would be expected with the lower fourth quarter image (Side 5-4) 

being the coarsest and the upper left first quarter image (Side 5-1) being the finest. See Figure 49. 



The capacity of image analysis …using Split Desktop®                                    Swebrec Report 2005:2 

53

Figure 49. Image Side 5 of Pile 3 with the lower third quarter highlighted by the white box. 

The only noticeable difference between the two distributions was a six percent spread that was reoc-

curring only in the middle size fractions of the distributions.  This difference is thought to be caused 

by the combining algorithm although there is nothing to substantiate that point at the moment. 

Because this image, Side 5, had also be process at different resolution, and segmented into quarter, 

another trail was run with this image at the 320×240 setting and 320×240 section of the full resolution 

image extract to represent the finer material in the sample, see Figure 50 and Table 16. 
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Figure 50. Image Side 5 of Pile 3 at a resolution of 320 × 240(Overall) and a 320 × 240 section of 

the full resolution image to represent the fines (Fines). 

Table 16. The individual and combined results of the above images. 

Size  
mm

Fines
%

Overall 
%

Combined
%

750 100.00 100.00 100.00 
500 100.00 100.00 100.00 
300 100.00 95.75 96.53 
250 100.00 89.89 92.17 
200 94.13 81.12 84.45 
150 85.20 66.69 73.04 
125 79.37 56.39 65.93 
90 65.41 40.42 53.24 
63 52.08 28.43 42.36 
45 41.94 20.14 34.12 

31.5 33.99 13.97 27.65 
20 26.20 8.77 21.31 
14 21.16 6.09 17.21 
10 17.35 4.31 14.11 
5 11.60 2.12 9.44 
2 6.39 0.83 5.19 
1 3.19 0.41 2.60 

This method does give a substantial increase in the fines region of the distribution, but the true distri-

bution of this material is unknown and therefore it can not be determined with certainty that this addi-

tional amount of fines is needed or if this method provides for additional accuracy.  But it is unlikely 
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that the resolution of the overall image provided sufficient resolution to reasonably size in the finer 

regions of the curve. 

6.3 Conclusions 
There has been no direct comparison of the Split data to actual physical result for this study, but the 

images collected here have provided some insight into how images of muckpiles should be collected 

and analyzed efficiently. The three main points that can be extracted from this analysis are: 

• The Fines Cutoff, as a pixel value, can be used to determine an optimal resolution at which to 

process an image. 

• Taking multiple images of an area that can be imaged with a single shot is not advantageous.  

• It is only advantageous to use multiple photos if the second photo is at a much higher scale the 

other. 

When taking a photo of a muckpile, it always a good practice to take the photo at the highest resolu-

tion of the camera and then reduce the resolution to an optimal size in a software program.  Then later 

if it is determined that the fines have been under represented and a second photo is needed, the second 

photo can be extracted from the original high resolution image and then combined with the broad 

overall image. 
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7 Conclusions 

Image analysis, as a tool to size material, has inherent beneficial attributes that can be easily recog-

nized.  It is quick, cost effective, and for the most reasonable affordable, but image analysis is not 

without pitfalls.  Assumptions have to be made about the material, and the set up can sometimes be 

arduous.  The assumptions that are made by an image analysis program have to be made clear at the 

outset to a potential user because the user needs to decide if these assumptions will work for their ma-

terial.   

There are two important assumptions made by the Split Desktop program: The material has a unimo-

dal distribution 

• The third axis of the particles can be estimated as the (M·m).

It is not the object of this paper to test the validity of these assumptions, but only to pass along the 

knowledge that this is how the program is going to perform.  A user should be made aware of this es-

pecially if their material does not conform to these assumptions.  This is not to say the Split program 

should be ruled out as a possible tool if the material behaves differently, but only that the data pro-

duced by the program may need to adjusted or viewed differently. 

It is also imperative that a representative sample be imaged, so that the program can have the opportu-

nity to successfully estimate the size distribution of the material.  From the samples used in this paper, 

the “n” value or slope of the material’s distribution can be used to identify which situations might call 

for multiple photos to be taken.  If the material has a broad range of sizes, indicative of smaller “n” 

values, more than one photo should be used.  This second photo should be at a scale that is at least four 

times greater than the original.   

The optimal resolution of the first photo, or broad photo, can be achieved by evaluating the Fines Cut-

off as a pixel value.  When the Fines Cutoff is expressed as a pixel value, it should equate to roughly 

14-16 pixels to ensure an optimal resolution that will maintain an accurate estimation of size distribu-

tion and limit the amount of editing time needed.  When at the muckpile and taking images though, 

always use the highest resolution setting of the camera.  The resolution can be reduced at a later time 

by a third party software program such as Split. 

The other crucial piece of data that needs to be collected accurately is the scale.  The scale provides a 

relationship between the pixels that comprise the image and real world measurement that allows for 

direct size information to be extracted.  If the scale is incorrect, the subsequent data produced will also 

be flawed.   Because of this it is imperative that the scale, and if present, the slope be accurately repre-

sented to ensure that quality data is produced. 
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