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Fragmentation Library

The Split-Fragmentation library is used to delineate pastiao images of broken rock and then analyze
particle size statistics. The library installatioalirdes:

25 Split Fragmentation Module — Converts grayscale images into delineated binargesa
Split
Fragmentation

Frogmartation Fragmentation Distribution Module — Generates distribution statistics from delineatadyi
images

5 SplitParts Scriptable ActiveX Library — Allows accessing intermediate data used in the
waseit fragmentation calculations

Program

Deprecated Modules

=]  Distribution Analysis Multi Module — Generates a distribution histogram from delineated
msrbuion  DINArY images

Analysis Mulki

£  Sieve Analysis Module- Generates sieve series and percent-passing data from
seveanayss — distribution histogram

Installing the Library

Selectrragmentation  from the component list in the Split-Online installEne installer will automatically
put the installed files in a subfolder beneath the Spllir@rinstallation folder.

This is an extended library that requires a prodegistration codeto perform the installation (see
Stamping Extended Librariés the Split-Online documentation). The modules inlitrary will operate
only on a computer system that hasdbegle for which the library is stamped. Contact Split Engimeger
to get the registration code for your system.

After the fragmentation library has been installée, four new module icons shown above will appear in
the Palette Window of Split-Online (the VBScript icoraieeady there).



Adding the Components to a Channel

Following the drag and drop method outlined\oiding Modules to a Channiel the Split-Online

documentation, place the Split Fragmentation module ict@manel in a position that follows (to the right
of) any module which creates grayscale frames, sudiedsuve Images module. To the right of the Split
Fragmentation module, add either the Fragmentation Risioh module (recommended), or, if using the
deprecated modules, add both the Distribution Analysis mashaléhe Sieve Analysis module as shown
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Channel using standard fragmentation modules

DECEE

Channel using deprecated fragmentation modules




Split Fragmentation %

Prerequisite: This module must follow a source of scalegsgade frames.

The Split Fragmentation module generates a framed@afy, delineated frames using a frameset of
grayscale frames as input. (In reality, bieary frames are not truly binary, but are 16-color frames.
However we continue use the tebinary to make the distinction between these frames angrtyscale
frames that are used as input to this module.)

An integral part of the delineation process is the idieatibn offines material. In the example delineation
shown below, the fines material is colored gray indblneated image.

SNy o’.’ ‘ M
8 Ll TS

3 R 3 % 4 - ,‘ ) Y ._' ¢ ';5'..’“1 0
ey e Kl RSl b X0
Original grayscale image Delineated image with fines identd

This module operates on each grayscale frame independestiyts by calculating @xture factor for
each entire frame. The texture factor is meant swatdterize the image and is subsequently used to adjust a
variety ofdelineation parameters

Adjusting Delineations

The first step in configuring this module is to determiree t
range of texture factors that can be expected from theriala Tetue— NesoSie  Ra P’ Lgwws  Hedwe
that is being delineated. Typically this number is deteechby Low |[1-4500
collecting a comprehensive set of sample images ¢patsents
the full range of material that will be delineated by timodule.
Establish a channel that will run the sample images thrtugh

Delineation Settings x|
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. . . R Cutaff han this vall be analyzed for
(contributed by this module) to a convenient device (ssdhe _ ':Ejl _— _Resete |
Reportpane of théutput Windoy The resulting texture range B ™" " wonircacbmdedarions | oo

should be roughly equivalent to the range of reported values
with reasonablgpadding to account for possible extremes that _— e
weren't reflected in the sample images.

Split Fragmentation Settings

The next step is to make adjustments to improve the délins. Delineations are affected by adjusting the
following parameters:

* Noise SizeBlack particles smaller than the noise size arerggholhe noise size is scaled between
theLow andHigh values, based on where the measured texture fadowftilin the configured
range for the texture. Largealues decreasdelineations.

» Watershed RatioAdjusts the sensitivity of the watershed algorithm. Tlaéewshed ratio is scaled
between theow andHigh values, based on where the measured texture faconitin the
configured range for the texture. Larg@lues decreastelineations.



+ Gradient Ratio The gradient ratio is scaled between e andHigh values, based on where the
measured texture factor falls within the configured raiogéhe texture. Largeralues decrease
delineations.

* Uneven Lighting When frame texture is below this value, special pingss employed for
uneven lighting conditions. Larggalues increasthe use of uneven lighting, which will generally
result in less delineations.

* Cross HatchingWhen frame texture is below this value, the framenieathed before processing.
This may improve processing of poor images and genegslyts in decreasettlineations.
Smallervalues increastne use of cross hatching.

» Threshold Multiplier This is the only parameter not tied to the texturéofaand affects how the
images are thresholded during processing. Largleres decreaselineations.

Adjusting Fines Identification

The Gross Cutoff Texture determines whether the frame is analyzed for finetscfes. If the measured texture
factor is lower than this parameter, the frame wilabalyzed for fines, thus largeslues increastnes
identification. TheParticle Cutoff Texture determines whether individual particles are clagbidis fines. If

the texture factor for the entire frame is above tlosgcutoff, the particle cutoff has no effect becalise
frame will not be analyzed for fines. If the textémetor for the entire frame is below the gross cuedtch
delineated particle in the frame is analyzed and if #régbes’ texture is below the particle cutoff, the
particle is classified as fines. Therefore, langgues increastne identification.

Summary of Adjustments

To increase delineations
* decrease noise size
* decrease watershed ratio
» decrease the gradient ratio
* increase cross hatching
» decrease uneven lighting
» decrease threshold multiplier.

To decrease delineations
* increase noise size
* increase watershed ratio
* increase gradient ratio
» decrease cross hatching
* increase uneven lighting
* increase threshold multiplier.

To increase fines
* increase the gross cutoff
* increase the particle cutoff

To decrease fines
» decrease the gross cutoff
» decrease the particle cutoff



Channel Data Produced by this Moc

=z | Qualified Frame Count — The number of valid frames delineated

SDRatio 10/5— A fuzzy number that represents the gross texturaage frames.
SDRatio 10/5- A per-frame fuzzy number that represents the gexssre the frame

5] AutoNoiseSize- Used internally
AutoShedSize— Used internally
AutoGradRatio — Used internally
AutoEvenLight — Used internally
AutoMinXHatch — Used internally
AutoFinesID — Used internally

Data names iBlue are produced only when the Export Diagnostic Data ojgichecked

crosshatchthreshold[float] — Value in theCross Hatchingbox
enablefinesid[boolean] — Value of th&Jse Fines IdentificationCheckbox
gradienthigh [float] — Value in the topl{ow) Gradient Ratiobox
gradientlow [float] — Value in the bottomHigh) Gradient Ratidbox
grossfinesthresholdfloat] — Value in theGross Texture Cutofiox
noisehigh[float] — Value in the topl{ow) Noise Sizdox
noiselow[float] — Value in the bottomHigh) Noise Sizdoox
particlefinesthreshold [float] — Value in theParticle Texture Cutofhox
texturehigh [float] — Value in the topl{ow) Texturebox

texturelow [float] — Value in the bottomHigh) Texturebox

threshold [float] — Value in the bottonThreshold Multipliebox
uneventhreshold[float] — Value in thdJneven Lightingbox
watershedhigh[float] — Value in the topl{ow) Watershed Ratibox
watershedlow[float] — Value in the bottomHigh) Watershed Ratibox




Fragmentation Distribution m%m

Prerequisite: This module must follow the Split Fragmeénanodule or som

other source of scaldanary images

This module takes the results of the Split Fragmentatiotule, which are essentially one or more binary
delineated images (as defined above in the documentatitdmef@plit Fragmentation module), and
produces quantitative size, shape and surface area ctatistine delineated particles. This module can be
run without the Split Fragmentation module in the chansié g as the channel contains a frameset of
scaled binary frames.

Note: This module originated with the release of Split-OnBr It replaces the two deprecated
modules, Distribution Analysis Multi, and Sieve Analysis.

In addition to generating size statistics, the Fragmient&listribution module is designed to help calibrate
a Split-Online system when laboratory sieve resutisagnilable. The module also provides a scripting
interface to allow clients to customize — or evealtptreplace — the particle calculations in the module.

The description below is given in two parts: first wedler the setup options for the module in their
approximate order of appearance, and second we’ll go throagedbmmended calibration procedure in
detail.

Size Analysis Settings =)
Urits:
Alloutputin [T |

Setup Parameters — Page 1

S ot e
UnItS " Fines cutoff = [&-0000
Select the units to be used for reporting the sizssts. This st G Ease
selection is doesn’t have to be the same as theusdtkto | | il cp—
Scale the Input ImageS € Assume patticles are cuboidal

[ heas | Finish e

Setup — page 1
Calibration Options — Fines cutoff
There is a minimum particle size below which the pkrelineations are mostly unreliable. Particles
below this size are considerfies and the fines cutoff value dictates this size in wfisquare pixels.
Delineated particles below the fines cutoff are igddrg this module.

The optimum fines cutoff size is inexact, difficult tmpoint, and is likely to change as the imaging
environment changes, but under normal conditions itgeitierally be in the range of 8-16 square pixels.
We recommend using the default optiorAotomatic fines cutofhowever you can select to define a static
value with theFines cutoff =... [pixels] option. When using the automatic option you can calctthate
selected cutoff from the exportéthes Cutoffvalue. This value is reported in the units selecteten t
option above, so in the unlikely event that you want thesficutoff in square pixels rather than real units
you need to multiply this value by the frame scale.

Calibration Options — Bin size

The bin size refers to the size of divisions in thestar histogram used internally by the software. Usually
the bin size should be about half of the smallest gi@treported in the results. For example, if you set up
a sieve series (see below) with the sizes 0.10, 0.28, énd 1.0, the smallest precision in these sizes is the
1/100 place, so the bin size should be half of that, or OL@d§er than that and you may incur

guantization errors; smaller than that and you may degredermance with no gain in accuracy.




We recommend that you use the default optioAutbmatic bin sizeWith the automatic option, the
software will select a bin size based on the sievesgou are using (see below). You can inspect the
calculated bin size with the exportBth Widthvalue. If you have not entered a sieve series or twant
specify the bin size for any other reason, uséthesize ... [unitspption.

Calibration Options — Particle shape
The only calculated values affected by the particle shagptha surface area results. Select either the
ellipsoidal or cuboidal option.

Exported Data Options — Per Frame
Check thePer-framebox to export channel data for each frame in the inpotdsat. See the section on
Per-Frame data in the Split-Online documentation.

Exported Data Options — Surface Area
Check theSurface Aredox to export surface area statistics. When enable
the exported data for the module will includSw@face Aredolder as shown Surtoce tuea 1
here. The child items in the folder are not reporteddividual sieve sizes, o o o
but in sieverangesinstead. Asieve ranges just the range between two .
adjacent sieve sizes. For each sieve range thene@ralues reported: the R
Percentageand theArea Mt

1.50-2.00 Percentage
Important Surface area results are derived from just the détidezarticles i s S
above the fines cutoff. The surface area of parttmésw the fines cutoff is e e
assigned a value of zero, even if a fines estimasiam ise (see below). Thes| '~ *™ " :
calculations are appropriate only for screened sangpleamples with very
little fines material.

Exported surface area
values

ThePercentagevalue tells us, for any sieve range, what percentadeedfample’s total surface area
comes from particles within that range. The surRafcentagevalues over the entire sample should equal
100 (which is why there is no fin8lample Percentagelue, like there is 8ample Areaalue).

TheAreavalue for a sieve range is tharit surface areaf particles within that range. The finghmple
Areavalue tells the unit surface area of the entire sarfiple unit surface area is the (surface area) /
(volume). If using units of mm, the unit surface aremld be in [mrM/mm?], or [1/mm].

TheAreaallows you to compare two samples for relative suréaea (thd?ercentagadoes not). Also, if
you know the volume of a sample, you can get its totdhse area by multiplying theample Aredy the
sample volume. In most installations of Split-Onlines itinreasonable to assume a sample volume.

Setup Parameters — Scripting

Clients with their own particle size models may wanmodify the way that this module calculates particle
size statistics. This module provides a method of ddiagin the way of a VBScript interface. At five
different points in the calculation pipeline, you can sdleexecute a VBScript subroutine that has access
to the list of delineated particles. The subroutine samée and change any of the particle statistics that
have already been calculated by this module.

The Particle Pipeline
The conversion of binary images to size statistitevic a processing pipeline similar to this:




Calculate Estimate Estimate Estimate Estimate Calibration
best-fit the 3¢ the sieve the the and fines
ellipse of .| axisofthe | | size of .| volume of .| surface .| estimation
each particle each 3D each area each

delineated ellipsoid ellipsoid particle particle

particle

Particle pipeline

The first step in the pipeline produces a list of partigscriptions, and the descriptions include statistics
such as those listed here. When the list is ifjitrabde in the first step, most of these statisties ar
undefined:

» particle location

* major and minor axis length

e axis orientation and aspect ratio

« 3 axis — normal to the major and minor, coming ouhefscreen

* sieve size

* volume

* surface area

As the list of particles gets passed along to each ssigeestep in the pipeline, the statistics are catedla
and filled in for each particle’s description. By the efithe pipeline we have a full description of every
delineated particle in an image.

Script optiohz

The five VBScript subroutine points correspond to thetjoosi Proceszing Step  Seript Procedure
of the five arrows shown in the particle pipeline driapThe .

. - . Elipze & azpect )
interface for scripting options, shown here, attenpiiustrate : [ Predrdasis
this concept by listing the processing steps downefieide ard ais ™ PreSieveSize
and showing the in-between scripting points down tijlet side. Sieve size - Prevol

This is illustrated again in the particle pipeline belowowing Volume eV EmE
the name and position of the VBScript subroutines. .

[ PostCalculation
Edit Script...

Scripting user interface

- Pre3rdAxis -RreSieveSize PreVolume-- PreSu rfaceArea PRostGalculation

; \ A v v v v
Calculate Estimate Estimate Estimate Estimate Calibration
best-fit the 3¢ the sieve the the and fines
elipseof [~77 P! axis of the L _p size of L _p| volumeof | _____ p| suface |----- > estimation
each particle each 3D each area each
delineated ellipsoid ellipsoid particle particle
particle

Particle pipeline showing VBScript subroutine names angbositions

Guidelines to selecting a VBScript subroutine

There is a significant amount of overhead requireddoh&all into a VBScript subroutine, so remember
the old adage afse what you need, but need what you Hsable as few subroutines as possible to satisfy
your calculation requirements and, generally, the eanligre pipeline the better.

Scripting doesn’t disable any of the standard calculafithis module is going to go through all of its
calculations regardless of which scripting subroutines h@en enabled. The script subroutine should be



selected so that the module has already calculated thidepatatistics that the script is going to modify. |
the module hasn'’t already calculated the statisticssdtipt-modified statistics will be overwritten by the
standard module calculations.

As an example, let's say that you want to replace theitdgothat calculates the sieve size of the particles.
The first consideration is that we need to enter iméoscript aftethe module has calculated the sieve size,
otherwise the module will overwrite our script calcas. Referring to the pipeline, the module calculates
the sieve size in the third step, so our script subredi#s to execute after step three. This leaves us with
the option of using one of tlreeVolume , PreSurfaceArea , Of PostCalculation subroutines. Above we
stated that earlier is better, so we would selecbithalume subroutine to perform our calculations.

Adding a VBScript subroutine

There are two criteria that must be met for a satjproutine to get executed: first, the subroutine name
must exist in the module’s script code as a valid VBSeuptoutine and second, the box beside the
subroutine’s name has to be checked uSdeipt Options

Initially this module includes skeletal script code thagadly has all of the subroutine names in it. You can
edit this script code at any time by pressingEd# Script.. button. The section of the skeletal code that
contains therevolume subroutine is shown in the box below.

Sub PreVolume(Particles)
Dim particle
For Each particle in Particles
"*** TODO *** calculate any of the following partic le parameters
'particle.SieveSize = ?7?
'particle.Ellipse3rd = ??
'particle.EllipseMajor = ??
'particle.EllipseMinor = ??
'particle.EllipseAngle = ??
'particle.EllipseX = ?7?
'particle.EllipseY = ?7?
Next ' particle
End Sub

The PreVolume skeletal script code

Each of the five subroutines has the same initial skd@tmat shown in the script above. The subroutine
takes one argumerRarticles which is the list of delineated particles. Inside thigreutine is &or Each
loop that iterates over every particle object in thie Particle objects are described in detail below.

The properties of the particle objects that have a@jréaen calculated are indicated in the comments of
each skeletal subroutine. (Not listed are the readymolyerties of the particles. These are always availab
but cannot be changed.) Continuing the example we silrtee:, we might change the PreVolume
subroutine as shown here. We're replacing this modasdtailation of the particl8ieveSizevith our own
equation, which just computes the average of the magbB4axes. (We don’t mean to suggest that this is
a valid method of calculating the sieve size, it's uz@g as an example of how to modify a particle’s
parameter.)



Sub PreVolume(Particles)

Dim particle
For Each particle in Particles
particle.SieveSize=(particle.EllipseMajor+parti cle.Ellipse3rd)/ 2
Next ' particle
End Sub

Our modified PreVolume subroutine

You are free to modify the skeletal code in any wayybatwant, as long as it is valid VBScript code. If
there are any errors in the script code, the codesillhtly fail to run. In the nonsensical example code
below, we use a conditionHlblock to help calculate thgieveSizef each particle. Particles oriented
between 0 and 90 degrees have tB@weSizeloubled, and all others have th8ieveSizéalved.

Sub PreVolume(Particles)
Dim particle
For Each particle in Particles
If particle.EllipseAngle > 90 Then
particle.SieveSize = particle.SieveSize * 2
Else
particle.SieveSize = particle.SieveSize / 2
End If
Next ' particle
End Sub

A silly example of a modifiedSieveSize calculation

The Particle Object
Particle definitions are passed to and from scriptgugilvBScriptobjectto represent each particle. The
particle object has no methods, but it does have thegres listed below. The following abbreviations are
used in the descriptions of the particle properties:

BFE — Best fit ellipse

RO _ Read Only
Some properties are in pixels and are noted; otherwisprdperties are in the units defined by tts
option of this module. Where applicable, the origin offthee’s coordinate system is the upper left.

As with all VBScript objects and keywords, spelling caumit case does not. In the example code we
preserve case to improve readability, but it isn’&ssary.

PixelCount®® — Number of pixels in delineated particle

DelineatedAred™® —Area of delineated particle (not the best fit elligea)nits

EllipseMajor — Length of the BFE major axis

EllipseMinor — Length of the BFE major axis e
EllipseAngle — Angle of the major axis of the BFE, in degreesoAtggrees is to the

right and 180is to the left as shown. 1800:’1 0
EllipseX —X coordinate of the center of the BFE

EllipseY -Y coordinate of the center of the BFE

EllipseArea”° — Area of the BFE

MaterialType — 0 means particle is rock, 1 means patrticle is apattines material

Ellipse3rd — Length of the 3D ellipsoid’s®%axis, which is normal to the plane of the image
SieveSize- The sieve size of the 3D particle, which is thalkst opening through which the particle
can be passed at any orientation
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Volume — Volume of the particle, ionits®
SurfaceArea— Surface area of the particle uinits

FXO Settings =)
Setup Parameters — Page 2, FXO Settings S—
The second page of the module’s setup defineBXit2 Fecerione Bith
statistics that will be exported by the module. FXO stiat o j
are the inverse of sieve results: for a given peaggnpassing | & e
(or retained), the FXO result is the particle sizeevéha sieve | |= | |
tells you a percentage that is a given size, the FXOyalia o | [P
size that is a given percentage. When FXO exports are [ Spes bonds
enabled, the module will always export@psizevalue along
with the other FXO data. | T e

Setup page 2, FXO settings

Export FXO Data |
This check box enables the FXO calculations and expietsesults. When =
checked, the module will export a folder titledosas shown to the right.
Within theFnosfolder is the always-exportéltbpsizevalue plus any
percentages that appear in the list.
=l
F=0 percentage [e.g. 30, or BE.E] F|25.5l
658 Asnect Ratin ﬂ
Cancel |
Entering an FXO value Exported FXO data

The Percentage List

The list box below th&xport FXO Dateoption lists the series of percentages for which FXIDbei
calculated. To modify the series, select@ustom Seriesption below the list and use thdd...,

Modify.., andDeletebuttons to the right of the box to modify the list. &nvention, FXO percentages
always begin with af, followed by the numeric percentage. When specifying an p&®©entage, enter
the numeric value of the percentage without the leagiagishown in the example above where 25.5% is
the percentage. The module doesn’t allow you to enter @bph@lues, and it will automatically sort the
series when you modify a percentage. UseStnesbutton to store the series asfanfile, andLoadto

recall previously saved series.

The entire string that you use to specify a percentagamed and used as the name of the exported data.
If you use F10.00 instead of just F10, for example, the expoateé will have the namie10.00

Exported Data Options - Passing vs. Retained

You have the option of reporting FXO values in eitBize passingr Size retainedby selecting the
appropriate option on the setup page. For a given percenagd¥)%, theSize passingption reports the
statistical particle size that is larger than exactly @¥%he sample, anflize retainedeports the particle
size that is smaller than 90% of the sample.

11



For percentage P%ize of P% passing Size of (100 — P%) retained
Size of P% retained Size of (100 — P%) passing

Exported Data Options — SGN and Ul

The Size Guide Numb&GNis simply the size of 50% passing — which is theesasithe size of 50%
retained. It is a standard measure in some industrigsssincluded as an export option. The Uniformity
IndexUl is the ratio of (95% retained) / (10% retained), or (#4sing) / (90 % passing). The numerator
will always be a size less than or equal to the denontireddhe Ul is always between 0 and 1. The closer
to 1, the more uniform the size distribution.

FXO Settings L]
Exported Data Options — Spec. Bounds 7 B0 s

Turning on theéSpec. Boundsptions enables you to enter et atnd Lo A
upper and lower specification bounds for each percentag -

the FXO series. When enabled, two additional columns W
appear in the list: thepper Boundand theLower Bound Uppebound i
columns. Also, the interface for editing a percentatje w
have two additional entries: thupper boundand thd_ower
bound as shown here.

Fx0 percentage (0. 30, ar 6.6 F (10

1.0 for No Value)

Entering an FXO value with
Spec. Bounds enabled

The specification bounds are currently used on two occaslgro assign a true or false value to the
Within Boundsxported value and 2) for automatically drawing boundagglon trend plots or X-Y plots.

When Spec. Bounds is enabled for either the FXO serifes the sieve series (see below), this module
exports a boolean valWithin BoundsWithin Boundss true if all of the items, including all FXO
percentages and all sieve sizes, are within their uppdopaed bounds; otherwise it will be false. The
exception to this is when a bounds value is set to -4 ighbred and doesn’t enter into the calculation of
Within Bounds

The trend plots and X-Y plots in Split-Online supportano Bounddeature. When this feature is enabled
on a plot, the plot will automatically draw upper andiér boundaries, based on the boundary values that
have been entered here.

Note: When you switch between ti$ize passingndSize retaineaptions, theSpec. Bounds
values do not automatically change so they will no longesalid.

12



Setup Parameters — Page 3, Sieve Settings

The third page of the module’s setup definesSieve
statistics that will be exported by the module. The sieve
statistics are modeled after a physical set of Sexeens; you
establish a set of virtual sieves and this module wittdate
the fraction of sample that passes (or is retaineédgh sieve
size. Unlike a real sieve set, however, you can defige a
number of virtual sieves and there is no limit onrtisee.

Setup page 3, Sieve settings

Export Sieve Data x
This check box enables the sieve calculations and expertesults. When B -@m Bl
checked, the module will export a folder titiSetveas shown to the right. - R
. . . . . . . . 1.500
Within theSievefolder is the series of virtual sieve sizes thatehaeen B 200
configured on this page. e
x| oo
-l 15.000
Sieve size [e.g. 0.500 or 2.000] |1 .25 i é'pj&?\ib
[]-% Integral Aspects
{5l Fines Cutaff
“witkin Bounds
Cancel |
Entering an sieve value Exported sieve data

The Size List

The list box below th&xport Sieve Dataption lists the series of sieve sizes for which perpassing will
be calculated. To modify the series, selectGhstom Seriesption below the list and use thAdd...,
Modify.., andDeletebuttons to the right of the box to modify the listthie example above, the sieve size
1.25 is being added. The module doesn’t allow you to elufgicate values, and it will automatically sort
the series after any modification. Use 8avebutton to save the series assanfile, andLoadto recall
previously saved series.

The entire string that you use to specify a percentagamed and used as the name of the exported data.
If you use 1.2500 instead of just 1.25, for example, the eegboelue will have the nanie2500

Exported data options - Passing vs. Retained

You have the option of reporting sieve values in eiflencent passingr Percent retainedby selecting the
appropriate option on the setup page. For a given size,G@ly thePercent passingption reports the
percentage of the sample that is smaller than 1.00"Pantknt retainedeports the percentage of the
sample that is larger than 1.00".

For a given size SPercent passing § (100 —Percent retained)S
Percent retained § (100 —Percent passing)S
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Exported data options — Spec. Bounds
Turning on theSpec. Boundsption enables you to enter upper
and lower specification bounds for each size in theessevies.

Aspect options

When enabled, two additional columns appear in the list: th | (o vassel s = s | @ smanme
. 0187 - ect min & W max
Upper Boundand theLower Boundcolumns. Also, the interface || |1z [ ]

spect (11, 21 ..)

for editing a size will have two additional entries: thgper ey
Lo [ boeict: ITo et dafa for sach sieve

boundand thd_ower boungas shown here. m g [ oIt

0K Cancel |

Entering a sieve value with
Spec. Bounds enabled

The specification bounds are currently used on two occaslgro assign a true or false value to the
Within Boundsxported value and 2) for automatically drawing boundagglon trend plots or X-Y plots.

When Spec. Bounds is enabled for either the sieve serfesthe FXO series (see above), this module
exports a Boolean valuithin BoundsWithin Boundss true if all of the items, including all sievess

and all FXO percentages, are within their upper and |baends. The exception to this is when a bounds
value is set to —1, it is ignored and doesn't entertmtacalculation ofVithin Bounds

The trend plots and X-Y plots in Split-Online supportano Bounddeature. When this feature is enabled
on a plot, the plot will automatically draw upper andiér boundaries, based on the boundary values that
have been entered here.

Note: When you switch between tiercent passingndPercent retainedptions, theSpec.
Boundsvalues do not automatically change so they will no lobgeralid.

Setup Parameters — Aspect Options
Aspect calculations are enabled only when the sideelesions are enabled. There is no mathematic
reason for this; it is done out of convenience andlikily change in future releases of this library.

Important Aspect results are derived from just the delineatedgiestabove the fines cutoff. The aspect
statistics of particles below the fines cutoff is gssd a value of zero, even if a fines estimatian isse
(see below).

Export folder names foportediats -
There are two different folders used to export aspeatrirgion. The il e B 5|
standard statistics for the average, min, max and sthdésiation of aspect |~ =EEEE =

ratios is exported through a folder namfespect RatioWhen any of these E:ﬂmﬁﬁw J
options are checked, tespect Ratidolder is added to this module’s output [ P00 2505 Devigi

and the selected statistics will appear as child itentisd folder. The child | peed i

items are not reported in individual sieve sizes, bstamerangesinstead. A B e My

sieve rangas just the range between two adjacent sieve sizes.
Aspect Ratio folder
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When thdntegral Aspect..option is checked, this module exports a folder
titled Integral AspectsAs with theAspect Ratidolder, the child items in this
folder are reported in sieve ranges, not sieve sizes.

Pan (010,260 21
Pan (010.250 31

{3l Pan(010.250 41

0.25041.000 111

0.250-1.000 21

0.250-1.000 31
[ 02501000 41

Integral Aspects folder
Per-sieve results
TheAspect data for each sieeheckbox lets you control whether aspect results areteepfar each sieve
range plus the entire sample, or for just the entirg@plarnVhen checked, every aspect statistic that is
enabled is reported for each sieve range, plus for tive sample. When unchecked, all enabled aspect
statistics are reported for just the entire samplenatbdor the individual sieve ranges.

x5 x
[ I3l 15.000-20.000 Average -] Bl Einwidih -]
~-Jall 15.000-20.000 Minimurn B8 Fros
15.000-20.000 Masimum SGN
-l 15.000-20,000 Std. Deviation =F Ll
20.000-Topsize Average &3 Fros Bounds
~[3l 20.000-Topsize Minimum B Sieve
-3l 20.000-Topsize Maximum B3 Sieve Bounds
~{3ll 20.000-Topsize Std. Deviation -6 Aspect Ratio
-l Serple Aversge -l Sample Average
Sample Mmlr.num Sample Mirimum
~{all Sample Masimum ~ [l Sample Masimum
Sample Std. Deviation i Sample Std. Deviation
-3 Integral Aspects B Intearal Aspects
{5l Fines Cutaff {5l Fines Cutaff
“wiithin Bounds “within Bounds —
Aspect data for each sieve Aspect data for each sieve
enabled disabled

Aspect average, min, max and standard deviation
These are standard statistics and warrant little digcuskney are reported under thepect Ratidolder,
and keep in mind that they are measured only on delinpatédles larger than the fines cutoff value.

Integral Aspect
Integral aspects are percentages of particles whose éeifgec

within an integral range. For example, a sample might Aave - Aispect oplions

of its particles within thé:1 aspect range, 20% within tBgl ¥ Aspect average

range, 5% within th&:1 range, and so on. The integers are the ¥ Aspectmin® W max
highlighted values in the ratios. The number of integradsat W Aspect std. deviation
reported depends on the value entered into thétmx 1:1 up ¥ Integral aspect (1:1, 21 ..
to ... :1 In the illustration this value is 4, so the percentage u From11upta [4 -1
would be reported for the ratios 1:1, 2:1, 3:1, and 4:1. [~ Aspect data for each sieve

|

Integral aspect detail

Aspect ratios are not rounded up to the next integrglkrafor example, a particle with an aspect of 1.999 :
1, it is still considered to be within the 1:1 range.
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Setup Parameters — Page 4, Calibration Settings

The fourth and final page of the module’s setup is wiverenter the calibration information. This is
usually done with th€alibration modeoption enabled. The calibration process is describedocmbk
fashion in the next section.

Commentary on Calibrations =)
Calibrating this module is the process of reconcilireg th S P
difference between the calculated size distributionecand Fire e [ G708 C fonfrmie - g
the size distributioitab resultsmeasured by hand in a sieve | =™ = ‘ -
. . ) . Ines percentage minimum kS
test. Calibration can't be performed without at leas lab Foomem || e &w
Sample_ [ 00000 v Fines fraction constart [1.00
ipher  [T.0000 I~ Esport fines data
E;nule?ate {"Caiibraiion Disgrost
< Back Finish Cancel

Setup page 4, Calibration settings

Calibration is almost always required because of the timan sources of error:
* The mass and sieve size of irregularly shaped rockfficull to accurately measure from 2
dimensional images. Assumptions about tHas have to be made, and particles often overlap.
» There is almost always some fraction of the santyaledannot be seen in the images because it is
buried beneath the top surface
» Thefines fractionof a sample cannot be delineated, therefore it cdepteasured

To perform the best calibration, our lab results shbaldble to tell us:
» the error in our sieve size calculations
» the error in our volume (hence, weight) calculations
» thenatureof the fines distribution — meaning the shape of te&itution curve at the fines end

If we can measure these three factors then we shouablé&éo perform an acceptable calibration of this
module and have it produce robust and reliable sizeldisons. In reality, we rarely have the luxury of a
direct measurement of these factors; instead we aadlyugiven a few data points that make up the lab
results size distribution. Through the cookbook calibratioegss outlined in the next section we
implicitly extract these factors from the lab resaltsl apply them to our calibration.

When to Calibrate

Any major change in either the Split-Online configurator in theémaging environmenvarrants a
calibration. The imaging environment includes the cameom and focus, light intensity and location, and
even the material that is being measured. IdeallySgiie Fragmentation module should first be adjusted
after any environmental change, and then this module sheulgcalibrated.

Perform calibration
This section controls the corrections made to garsize and volume calculations. When the checkbox is
not checked, no corrections are made to the delineatédl@ sizes.

The calibration process works on the assumption thatsan finer particles are different than the errars i
coarser particles, and that the differences betwiaerahd coarse are linear, or close enough to linear that
using a linear approximation is sufficient. Based ondkgimption, you are given two calibration points:
one for the fine end and one for the coarse endthandoftware will interpolate in between.
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TheFine sizeandCoarse siz@arameters define the low and high calibration pointseiGhan that the

fine size has to be smaller than the coarse size,sglection of these two points is up to you, howewver y
may find benefit from selecting two sizes that cqroesl to sieve sizes in the lab results. Usually the fine
size should be at or above the fines cutoff. If the'ésolts include screen sizes below the fines cutoff, we
recommend setting tHéne sizeto either the fines cutoff or the smallest screea 8iat is larger than the
fines cutoff. TheCoarse sizeshould usually be the largest screen size or the aoatatial topsize, if it is
known.

Size offsets

Each calibration point hasSize offseparameter, which is a positive or negative bias ingarsize. This
parameter is meant to address the error in sieve fsdadioeated particles. If you enter a size offset of
+1[unit], delineated particles will have their sieveesaljusted by +1[unit].

TheSize offseparameter is best used when you are able to compante teslults of a screened sample that
has very small size variation. For example, if yBune sizeis 1", you could collect the retained material
from a 1” sieve screen and place it into the normabimg environment and capture images of the
material. With all calibration parameters at theiragétf nominal values, you can compare the difference
between the lab results and this module’s output. Sindenaw that this experiment has effectively zero
error from either the hidden material problem or friomes estimation, nearly all of the error must toerfr
the sieve size measurements.

If you aren’t able to perform such a calibration predes theSize offsetyou still might be able to make
reasonable adjustments if you can be fairly certainethallest and largest sizes in an imaged sample,
such as in a screened sample. If this is not possikl@dvise leaving th®ize offseparameter at zero.

Count multipliers

Both calibration points also haveCaunt multiplierparameter which address the hidden material source of
error. Generally, smaller particles are under-reprteskin an image because they tend to get hidden
through natural sorting. In a typical calibration, @@unt multiplierof theCoarse sizés kept at one and

the Count multiplierof theFine sizeis increased.

Note that the net effect of ti@ount multiplierds the ratioof the values at the coarse size and the fine size.
Setting both to 5, for example, is the same as gdttath to 1, or to 0.5, or any other value because the
ratio between them is still 1:1. Similarly, if talue at the fine size is set to 10 and at the cazsdo 0.1
(ratio = 100:1), this is the same as using 100 and 1 instead.

Perform fines estimation

ThePerform fines estimatiocheckbox turns on or off the estimation of sample volbelew the fines

cutoff value. Generally this option should be enabled becaresethough it is only an estimate, it will
improve the distribution statistics of finer materiablmost every case. When you are sampling screened
material with no fines fraction you might get bettesults with this option off.

Fines estimation is done by fitting one of two curneethe measured size distribution and extrapolating the
curve into the fines realm. Using industry standardsgsde, we offer two types of curves for fines
estimation: th&kosin-Rammleand theSchuhmannYou can pick one of these two curve types, or we
recommend that you pick tiBest fitoption and use whichever curve has the best fit witimibasured

data.

The Rosin-Rammler fun%tion is given by:
X
In(1-p,
pl _] ( 0)

Xo = Characteristicsize, the fines cutoff in our case
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X; = target size — what is the fraction passing at thes?siz
p, = Fraction passing at sizg(known)

p, = Fraction passing at sizg(¥nknown)

n = Rosin Rammler uniformity coefficient

The Rosin-Rammler uniformity coefficientdefines the general shape of the curve. The finesatgim
method works on the assumption thas constant at a given site, and in calibration modesdfie/are will
calculate the ideal value nfbased on the lab results. Some examples of Rosin-Rarmunles are shown
here at various values ofand a fines cutoff ¢y of 1.5 andp, of 0.1.

Rosin-Rammler

0.18

—N=1
0.14 ——N=2
——N=0.5 /
0.12 ——N=10
o ——N=0.1 %”/—
£ 0.1
7]
[%2]
g
< 0.08 1
0.06 1
0.04 1
0.02 1
0 T
0 0.5 1 1.5 2

Size

The Schuhmann function is given by the equation:

a

=%
P K

X; = target size — what is the fraction passing at thes?siz
p, = Fraction passing at sizg(¥nknown)

o= Schuh(na n slope, given by:

In| &£
0

8

Xo = Characteristicsize, the fines cutoff in our case
p, = Fraction passing at sizg(known)

a=
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Through rearrangement we can express the corkstant

= e(ln(xl){'”ﬁfl)j]

which makesx the only coefficient in the equation. As with the ReRaammler coefficient, the fines
estimation method works on the assumption that the Schuhsigreu. is constant at a given site, and in
calibration mode, the software will calculate theth@due ofo. based on the lab results. Some examples of
Schuhmann curves are shown here at various valwesadfines cutoff of 1.5 ang, = 0.1.

Schuhmann
0.18 /
0.16 a1
—a=2
0.14  4=05
——a=10
0.12
—a=0.1
2 o011
A
&
< 008
0.06
0.04 A
0.02 A
0 T T
0 0.5 1 15 2
Size

Comparing Rosin-Rammler and Schuhmann

Using theBest fitoption of fines estimation will cause the module t@alate which curve is the best fit
for the measured, delineated particles and applyekefib curve to the fines estimation. As you can see
from the curves in the two graphs above, there ig lite difference between the two.
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Calibration — Step-by-Step Instructions

(1) Collect sample images and lab results

A full discussion of the proper fleld methods for coliegta callbratlon sample is Sample
- : 2004031-2

beyond the scope of these

instructions. In the following
steps it is assumed that you
have performed an accurate
sieve test on a sufficiently

large sample, and that you
are using one or more
images representative of tha
sample to calibrate this
module.

Collect images and lab results

(2) Decide whether to use pre-delineated images
Once you have collected the grayscale images, thetgvaroptions for how you will use them to perform
calibrations:
» Option A- Delineate them once and save the delineated bimaiges (this was the only option in
previous versions of Split-Online)
* Option B— Re-delineate the grayscale images each time youpeafaalibration steflhis is
the recommended methodecause even though it is slightly slower, it re-prazzdse images
through all of the modules in the channel each time, enstiv@ghanges made to other modules
are reflected in the calibration data.

If you chose option A above, follow the steps 3a-3d. If you chosetiop B, skip to
step 4a.

(3a) Set up a calibration channel

It is usually easiest to make a new channel to be usefibjus
calibration. If you disable thRuns on Execute-Atiption of the
channel you can just leave the channel in the projectfifgtenodule
should be a File Images module which opens the grayscatsor
images that correspond to the sieve lab results. Toadenodule will
probably be the Split Fragmentation module.

Calibration _

Run Once

cut
Copy

Renarne
Add Madules
Runs on Execute-all

Prapetties

Calibration channel

Alternatively, you can avoid creating a separate chamnpltting both dive Imagesnodule and &ile
Imagesmodule in the same channel. In normal operation, digablele Imagesmodule and enable the
Live Imagesnodule; when generating delineations for calibration bitsthelLive Imagesnodule and
enable thé-ile Imagesmodule.
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(3b) Get good delineations e
Using the documentation in this

= -

manual for the Split Fragmentation -

module, configure the module to B i ot ottt

provide the best delineation as . —

possible, possibly including fines - w i |

identification. Do not use the lab Frama 411 !

results to gauge the delineations; ust ’ et e e :1

only your eyes and your judgment. - N
== | o |

Get good delineations from Split Fragmentation

(3c) Save the delineated binary frames

When the Split Fragmentation module is configured to gatisfaction, allow it to delineate all of the
calibration images and then save the delineation resulim the menu, seleEtle | Save As..and, for
convenience, save the delineated image: s |—

in the same directory as the original Iy el
images. Important: Save the imagesifinh @) ren [Fabration = save |
format, notiped Jpeg format is bssy MyNawork  Saveastps T Fles (1 E Cancel |
format, and the binary delineated images =~ ™= %%M
saved in jpeg format will not work JPEG Files " pg]
correctly. '
Save delineated files itiff format
After you OK theSave Aslialog you will see th&elect Framebox as ..o s

shown here. Pick just tHeelineatedframeset from the list of framesets an
then OK.

Framesets Frame Index

Originals ~

Save just the delineated
frames

(3d) Prepare channel for the size distribution module
We are done with the delineation step so, unless we amkenodifications to the sample images or to the
Spit Fragmentation settings, we will deal only with thendgited binary images from this point forward.
We recommend keeping the current modules in the cadhrahannel,

but disabling them so they don’t execute. Then, add a rleinfrages l‘Ca]ibration

module to read in the delineated images saved in theopeestep, and
add a Fragmentation Distribution modulaportant : change the ‘
frameset name fror@riginals to Delineatedn the File Images module.

B L

1 wopit ImagesocsiCalibration_Delineated-d.u
F:\Spiit Images\Docs\Calbration_Delineated-10.tf
[¥ Set allimages to this scale  |20.2750 pisels per |inch -
Creste the frameset named |ineated
Finish Cancel

New frameset name in File Images module
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Steps 4a-4c are only if you chose option B in step 2.

(4a) Put aFilelmages module in the channel
The intent is to set up the channel to run itherlive

video or images from the calibration files, so put alule
for each in the same channel. One of the modules will ﬁ | - @ /‘

always be disabled.

The Channel

Channel has two modules thatoduce images

(4b) Temporarily disable theLive Images module
For the purpose of calibration, disable Linee Imagesnodule and enable tiéle Imagesmodule. Don’t
forget to reverse that when calibration is completed!

(4c) Populate theFile Images module with the grayscale calibration images
Use all of the images from step (1) above. Ideallyjrtreges will have their scale embedded because this
allows you to change the scale and still use older ctibbramages.

Calibration Settings =
(5) Enter the calibration information 2 Rtz o Rzt
Advance to the 4th page of the module’s settings and fress t e L | G —
Calibration Databutton, shown here. Enalmlibration modeon Cout el 0T —
the first page of this module’s settings. Advance tcSiege Cooneee [0 i maimn [ 9000
Settingspage and make sure that the sieve series is the satvata | =0 [_#@ e | et
used in the lab results. Enter the results of the kibise test as the e | | (T o
Calibration standardor the sieve series.
<Back | Frsh | Cancel |
Calibration Data button
Split-Online supports any number@élibration SamplesA ]
calibration sample is comprised of the images and kalitseas : = i =
explained in step (1) above. To add a new sample, preksietbutton |
e (=]

and enter a name for the sample, as shown heraVeéightandDate ) i
Takenfields are optional. If a weight other than zero is Spetithe o
sample is assigned that weight in the final calibratioarpaters. For S —
example, with two calibration samples, if you give ting &2 weight of
1 and the second a weight of 2, the second sample willthéceas
much effect on the final calibration. The date is &ference only and =
has no effect on the results.

Add a new calibration sample
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In step 2 above, you decided whether to pre-delineate

your images and save the delineated binary images to
disk, or to re-delineate the grayscale images as needec
That decision affects which of the options you choose
here. If you went with option A then select the third
choice,Binary images on Disnd use thé&dd button to
browse for the binary delineated images.

Calibration Data

Calibration Samples

Option B
Option A

Delete ‘

¢ all channel images
{_Chanpel image

Binary images on disk

I" Disabled

Sieve results

Weight

0.0000

P —

Size

Percent Passing

Add...

Select images from the channel or from disk

If you selected option B then select either the &haiice,All channel imagesor the second choice

Channel imagezx throughxx. The difference between these two is #hiatChannel Imagesiill use every
image processed by the channel for this calibration isdtthee second choice lets you dictate that only
some of the images processed by the channel apply tathisation set. The two numbers associated with
the second choice refer to the image order irfFtleelmagesnodule.

For each calibration set, you need to enter the resfults csirton oa ==
the lab sample sieve results. For each sieve Sitt@in | csiesn samoes SoizoPimacas
results, hit the Add button as shown here, and enter t e _
. i . ; o ) Chamnelimages [0 hvect [0
Sieve size (in the same units as specified on the first e AR
page of the module’s setup) and the percent passing |l |
retained for that size. e
New ... Delete »
™ Disabled Sieve results
Weight ’W Size: Percent Passing
Date taken [ 2/29/2008 x| ieslisl
Siove S Setting =)
Sieve seee.0. 0500 0r2000) Q500
oK Calibration standard  [37.5
— H: Cancel

Enter the lab results for each sieve size

(6) Calculate the calibration parameters

On the 4th page of the module’s setup, presstie
Calculatebutton shown here. After a slight pause, Split-
Online will fill in all of the calibration fields with
calculated values.

If you are using option B from step 2 for any of the
calibration sets, Split-Online will automaticallyrr the
channel that contains the module. This generates the
binary delineations for calibration.

Calibration Settings

% [Petferm caitratiory

[T0000 funits]
[ 00000 funis)
Count mulplier [10000

10,0000 [units]
00000 funis]
Count mulplier [1.0000

Autes
Reset Al ‘ I Cslculste )

Fine size

Siee offset

Coarse size

Size offeet

¥ Peifom fines sstimation

 RosinRammier  N- [1.00
€ Schubmann apha= 100

@ Besthit
Fines percentage minimum | 20,00 %
magimum [ 60.00 5

Fines fraction constant [1.00

I~ Export fines data

Calibration B p
Dats iagnostics.

< Back

Finish Cancel

Calculate calibration parameters

There may be times you want to manually adjust thbragion parameters instead of using the fully
automatic method. See the sect®pecial instructions for manually adjusting calibration parameters

page 25 for instructions.
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(7) Inspect the final results

Hit the Diagnosticsbutton as shown here. Split-Online will

execute the channel if necessary to generate binary

delineations.

Calibration Settings

[¥ Peiform calbration
Fine size 04800 [units]
05339 [units]

Size offset

@ Bestfit
Count mulpler [40000
Coarse size 30000 (uri)
Size offset D050 [urits]
Count mulpier [1.0000
fulo Calbration
izl Calculate

¥ Petform fines estimation

 RosinRammier  N= [1.27
L

Fines percentags mirimum 2000 %2

Fines haction constant [0.68

<gaok |

mavimum [ B0.00 5

I™ Export fines data

Frish |

Concsl |

Show diagnostics

The large graph on this window shows information aboutdiibration set that is selected in the
Calibration Samplebox. This box contains the name of each calibratibfra@ step 5, except those that
are disabled. If there is more than one enabled catibraét, Split-Online will add th€umulativeset to
the list. The cumulative set is a calculated combinatfaall of the other enabled calibration sets.

e

Calibration Diagnostics

Calibration Samples

-Display options
Calibration histogram
¥ (lab sample)

Calculated & corrected
histogram

¥ Count corrections
¥ Size corrections

i

v Ezlh%l?::-ldl uncorrected
I~ Remove fines

v Cumulative histograms
v Show fines cutoff

v Gridlines v Legend
¥ X auis log scale

[~ ¥ axis log scale

£0%

0%

A0

207

207

0%

Comected histogram total
Above fines cutof!
Below fines cuf

T
o

Above fines cutoff; 15.5%
Below fines cutoff: 7.5%

emor: 3.6% F

Uncorrected histogram total eror: 13.2% ([

Lab sample
Calculated, 'comectad
Calewdated, uncorectad

Fines cutoff

1.00 150 200 3.00

Diagnostics graph
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Display options on the diagnostics window are explaineabel
» Calibration histogram (lab sample)— Toggles display of the measured sieve values entered in
step 5.

» Calculated & corrected histogram— Toggles display of the calibrated size distribution
histogram that Split-Online generates for the calibnatitages. The two checkboxes beneath this
option let you inspect the effects of the multiplier affded calibration parameters by removing
them from the calibration. When both are un-checkes hiistogram is identical to the
uncorrected histogram (below).

» Count corrections— Uncheck to remove th@ount multiplierfrom the corrected calibration
» Size corrections- Uncheck to remove tHsaize offsetrom the corrected calibration

» Calculated, uncorrected histogram- Toggles display of the uncalibrated size distribution that
Split-Online generates for the calibration images.

* Remove Fines- Removes the fines fraction from all histogramsraedlculates the cumulative
curves. The calibration of the Split-Online generdiistbgram is performed differently for
particles below the fines cutoff, and this option leig inspect just the above-fines fraction of all
histograms..

*  Cumulative histograms— Uncheck this to show normal, non-accumulated histograhis is
useful for diagnosing large errors between the lab saeml the Split-Online histograms.

» Show fines cutoff— Toggles display of the fines cutoff indicators

» Grid lines — Toggles display of grid lines on the graph

* Legend- Toggles display of the legend and histogram error infboman the graph
» X axis log scale- Check for log scale on the X axis, uncheck fordine

* Y axis log scale- Check for log scale on the Y axis, uncheck fordine

Special instructions for manually adjusting calibration parameers

These instructions are for if you chose to manually fgdbte calibration parameters rather than rely on the
automatically calculated values. This process replacasagments step 6 above.

1. Calculate th&ine size You can do this by either running the Auto Calculateeard letting it fill in the
value, or by running the Diagnostics and recordingitieedize from the legend.

2. Manually modify the calibration parameters on tffiesiele of the page.
3. This step adjusts thenes factor constarto match your manual modifications. Un-check Beeform
calibration box as shown here, and run thgto Calculatebutton. Note: théuto Calculatgunction is

significantly faster when you have un-checkedRlee&orm calibrationbox.

When theAuto Calculatefunction completes, the fines estimation constaiitde updated.
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Calibration Settings x|

¥ Perform fines estimation ——————
” 0.6300 in  AosinBammier  N=  [057
" Schuhmann  alpha= 0.46
Size offset [ozamn .
‘” & Besti
Count mufiplier 21100 Fines percentage minimurm 0z
(Coarse size B.E300 iy mazimum| 100.00 %
S i T Fines fraction corstant | 1.57
e 0000 I Expor fines data
Auto Calibration
Fesst All | En i Diagnostics.

< Back | Finish Cancel

Uncheck the Perform calibration box

4. Re-check th@erform calibrationbox and inspect the results (normally done by runriieddiagnositcs
feature)

5. If you need to modify any of the calibration parameetgain, return to step 2 above. Otherwise you are
done.
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Channel Data Produced by this Moc

ER Distribution size units — Enumerated distance units of results: 0 = m, 2 =8mmin. 9 =- ft
& Size units name- The name of the size units of results, such as “nieters
Bin width — The width of the internal histogram bins, in sizduni
Fines cutoff — Fines cutoff size, in size units
&8 Fnos' — The FXO series
(FXO percent)— One entry for each percentage in the FXO series
] Fnos' F— Per-frame FXO series
(FXO percent)— One entry for each percentage in the FXO series
Fnos Bound$' °— The FXO series min and max specification boundaries
(FXO percent) upper — Upper bound, one entry for each percentage in the FX€>ser
(FXO percent) lower— Lower bound, one entry for each percentage in the EXi@ss
Sievé — The sieve series
(sieve size} One entry for each size in the sieve series.
] Sievé' © — Per-frame sieve series
(sieve size} One entry for each size in the size series.
Sieve Bound® ° - The sieve series min and max specification boundaries
(sieve size) upper Upper bound, one entry for each percentage in the siges s
(sieve size) lower Lower bound, one entry for each percentage in the sezies
SGN® - Size Guide Number, in size units
SGN* " Per-frame Size Guide Number, in size units
Ul - Uniformity Index (no units)
ul* F_ per-frame Uniformity Index (no units)
Within Bounds® —True when all bounds-enabled data are within the min ascbmands

1 Exported only wheExport FXO Dataenabled
2 Exported only whe&xport Sieve Datanabled
3 Exported only whe®8GNenabled

4 Exported only whebll enabled

5 Exported only wheSpec. Boundsnabled

F Exported only wheRer-frameenabled

(Continued...)
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Channel Data Produced by this Moc

(...continued)

£3 surface Ared® — Surface area statistics
(sieve rangePercentage— % of total sample surface area in this sieve range
(sieve range)Area — Unit area of this sieve range (uffimits’)
SampleArea — Unit area of the entire sample (uffitsits’)
Aspect Ratio’ — Aspect ratio statistics
(sieve range)Average™ ° — Average aspect of delineated particles in this siavge
(sieve range)Minimum ® S — Minimum aspect of delineated particles in this siengea
(sieve rangeMaximum® °— Maximum aspect of delineated particles in this siengea
(sieve range)Std. DeviatiorP  — Standard deviation of particle aspects in this sienge
SampleAverage® — Average aspect of all delineated particles in thispfam
SampleMinimum ® — Minimum aspect of all delineated particles in thisgam
SampleMaximum® — Maximum aspect of all delineated particles in this $amp
SampleStd. DeviatiorP — Standard deviation of particle aspects in this sample
Integral Aspects8 — Aspect ratio statistics
(sieve rangeN: 1°— Percentage of N:1 particles in this sieve range
SampleN: 1 — Percentage of N:1 particles in the entire sample
Fines Fit Coefficient — The least-squares correlation coefficient of theffthe fines curve
Fines Fit Coefficient' " — Per-frame least-squares correlation coefficietit®fit of the fines curve
5 Fines Fit Type9 — The name of the best-fit fines curve: “Schuhmann” asiR-Rammler”
Fines Fit Typeg’ F_ Per-frame name of the best-fit fines curve
Fines Fraction® — Fraction of material calculated at the fines cugizfé
Fines Fraction” " — Per-frame fraction of material calculated at thedicutoff size

6 Exported only wheSurface areanabled
7 Exported only when any of the following standasgpect statistics are enabled:
A — Exported only wheAspect Averagenabled
B — Exported only wheAspect mirenabled
C — Exported only wheAspect maxnabled
D — Exported only wheAspect std. deviatioenabled
S Exported only wheAspect data for each sieeeabled
8 Exported only wheintegral aspecenabled
9 Exported only whe&xport fines dat@nabled
F Exported only wheRer-frameenabled
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Distribution Analysis Multi [

Prerequisite: This module must follow the Split Fragmérianodule

Note: This module has been replaced by the Fragmentationtistrm module described above.

This module is an intermediate step between the S@grrentation module and the Sieve Analysis
module. It takes a frameset of binary delineated fraané@sput and generates a size distribution histogram.
This histogram is used internally by the Sieve Analysislule and isn’t available for use by any of the
other modules.

Fines Factors

The fines estimation parameters are at the top dirfigpage of the setup wizard as shown. For each frame
processed, the amount of estimated fines in the fraaféeiged by the area bbrder pixels(shadows and
edges in the binary frames) and by the ardmes$ ID pixels

(patches identified as fines by the Split-Fragmentatioduie). -
. . . i Borderpivels [E % I N

By adjusting the fines factors for each of these piymdg, you can FresiD el [1000 [ — ]

mOdIfy the flne'end Of the reSU|tIng dlStrIbUtIOﬂ hlsmg': The % se these constant factors Gt the factors from these data

minimum value of 0% results in the coarsest distribufitiere isno  [**
maximum value for either pixel type, but generally itiddo’t

exceed 150 to 200%, and it should be that high only whenithere
reason to suspect that the fraction of fines beneathigtibe surface I Eensdumni Rofmess
is greater than the visible fraction.

Size Analysis: First Page

Instead of using constant fines factors, you can extiadiries factors from the channel’s runtime data.
Select theset the factors from these data option and use the two browse buttons to select chanrelaiaach
pixel type.

Units

The units option refers to the length units used in thteilalition histogram. The choice of units has no
effect on the final results and is available here @miydiagnostics. If th@ssume units from images option IS
selected, the scaling units of the first frame proakase used.

Fines Distribution
This allows you to force the use of one of the twovelditting models in the fines calculation. In the
absence of some compelling reason to do otherwises thés/

option onBestFit.
i~ Screen Size Calculation
Distribution Adjustments am
Options on the second page of the wizard let you mdaéy t € Pty estimation ey
way that the size distribution is calculated for théndelted Distibution Constan
particles. Even minor changes to these parameters garaha | [aense/suiacut baf0s g os
significant impact on the size distribution, therefdreyt e
shouldn’t be modified except at the direction of Split
Engineering.
< Back Finish Cancel

Size Analysis: Second Page
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Exported Data

The complexity of the data exports is due to our supporgathesystems that may be using deprecated
data. The two checkboxes at the bottom of the first patiee setup wizard control how much data this
module exports. They should be lefichecked unless your installation is using any of the defreaata.

Channel Data Produced by this Moc

=52] SizeAnalysis Distance Units- Enumerated distance units used in size analysislaibn
Size Analysis Composite- Composite statistical data totaled or averagediffnames.
Best Fit— Simple reflection of whether the Best Fit optiors\salected on the first page of the wizard
BA Bin Count — The number of bins in the distribution histogram.
Bin Width — The width of each histogram bin, in the units selectad the first page of the wizard.
& Best Fit Type— Either “RosRam” or “Schuhmann”
Number Fine Bins— Used internally
Border Fines Factor— The fines factor that was used, as configured ofirligpage of the wizard.
FinesID Factor - The Fines ID factor that was used, as configured efirtt page of the wizard.

Fit Correlation — The correlation of the fit of whichever fines dilstriion method (either RosRam or
Schuhmann) was used.

€8 schuhmann- Statistics of Schuhmann fit
X50 — Fit coefficient
N — Fit coefficient
R2 — Fit correlation
8 RosRam- Statistics of Rosin-Rammler fit
X50 — Fit coefficient
N — Fit coefficient
R2 — Fit correlation
e Size Analysis— Per-frame statistics
Std Dev. Ratio— Unused
5] Particle Count — Number of particles in delineated frame
Fines Cutoff — Minimum discernable particle size. Less than this sizerisidered fines.
2] Number Fine Bins— Number of histogram bins below the fines cutoff

Fit Correlation — The correlation of the fit of whichever fines dilstriion method (either RosRam or
Schuhmann) was used.

2B Best Fit Type— Either “RosRam” or “Schuhmann”

Black Pixels— Number of black (edge and shadow) pixels in the frame
2] White Pixels— Number of white (particle) pixels in the frame
5] Gray Pixels— Number of gray (fines-ID) pixels in the frame

& Fit Coefficients — Curve fit statistics
&8 schuhmann— Statistics of Schuhmann fit

X50 — Fit coefficient

N — Fit coefficient

R2 — Fit correlation
@8 Rosram- Statistics of Rosin-Rammler fit

X50 — Fit coefficient

N — Fit coefficient

R2 — Fit correlation

Data names iBlue are produced only when the Export Diagnostic Data opgichecked
Data names ilwrangeare produced only when the Export Schuhmann & RosRam Ggids is checked
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Sieve Analysis [k

Sieve Analysis

Prerequisite: This module must follow the distribution asialy

Note: This module has been replaced by the Fragmentationtistrm module described above.

Sieve Analysis B

The Sieve Analysis module takes the distribution histogr
produced by the Distribution Analysis module and calculates
sieveseries and/or a percent-passing sef&<)( series) for the
distribution.

¥ Calculate <0 —— ¥ Calculate Sisve

Add... |
Remove |

Add...

Remove |

Each series is independently configurable through the setup
wizard. Use th&alculate...checkboxes at the top to turn off the
series calculation. Thenits dropdown box below each list lets
you select the units for each series.

Load.. |
SaveAs...l

Load.. |
Save Az |
|
Units [
inches =

Finish Cancel

Sieve Analysis Setup
Modifying the Series
Use theadd.. andRemove buttons beside each list to modify the members oéhies. When adding new
items, bear in mind that the value typed in is preskveebatimto assign a name to the item. The two
examples shown below, for instance, will both resudt mew sieve item of ¥ inch, but the first one wdl b
named0.5and the second will be nam@d00000

New Sieve Value New Sieve Value
The new sieve value in inches: The new sieve value in inches:
ID.E‘ ID. sO0000
ak I Cancel | ak I Cancel

Two identical sieve items with different names

Loading and Saving
Sieve and FXO series can be persisted to and restoradiisk with the.oad.. andSave As.. buttons. The
effect of loading a series is immediate; the file isneferenced while the channel is running.

Channel Data Produced by this Moc

&3 Fnos—The composite FXO series configured in the setuprdiiza
(FXO percent) — One entry for each percent in the FXO series.
Sieve— The sieve series configured in the setup wizard
(sieve size} One entry for each size in the size series.
Fnos— Per-frame FXO series configured in the setup wizard
(FXO percent) — One entry for each percent in the FXO series.
Sieve— Per-frame sieve series configured in the setup wizard
(sieve size} One entry for each size in the size series.
Fnos Units— Enumerated units of Fnos data
Sieve Units— Enumerated units of Sieve data
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SplitParts Script Interface

The fragmentation library installation includes a safi ActiveX librarySplitParts The SplitParts
library allows you to gain access to the lower leidkrmediate size calculation data that isn’'t avéélab
otherwise. A full working example of how to use the $dlits library is shown at the end of this section.

The script module that references the SplitParts litshould be located in the channel after the
fragmentation module. It may appear either before U Chonnels x|
after the Distribution Analysis module, but be aware

that the Distribution Analysis modifies some of the

Channel

particle information that is provided by this library, as El ﬁ E;H lo= Q|

noted in the descriptions below.. To avoid confusion L&, Edit s.:.:

and for consistency, we recommend that the script

module be located as shown in the graphic here, aft 'SplitOnline VBScript Mo
the Fragmentation moduénd_before the Distribution Option Explicit
Analysis module. Dim FragParts

' malled mhen mrhanmel v

Script Module in a Channel

Object Reference

Object Name: FragParts
Encapsulates the collection of fragmentation partidiermation for the channel. The FragParts object
can only be created via the CreateObject command (\B¥as in the following example:

Dim FragParts
Sub OnChannelExecute

Set FragParts = CreateObject ( "SplitParts.FragParts" )
FragParts.Setchannel Channel ' Always do this!
End Sub

Creating the FragParts object

Methods:

Set Channel (channel)
Mandatory initialization. No return value. As shownhe sample code above and below, always
initialize the FragParts object with the current clenusing theChannel keyword added to the
scripting language by Split-Online.

Cet Parti cl eCount ([ nFrane])
Returns the integer number of particles availablelferO-based framerfr ane. If the optional
nFr ame argument isn’t given, the default O is usedAf ane is not a valid frame index the channel
terminates with a stop exception.

CGetParticle(nParticle [, nFrane])
Returns a FragParticle object with indeRar t i cl e. The 0-based particle inde¥arti cl e
should not exceed the value returned fi@a Par t i cl eCount or the channel will terminate with a
stop exception. If the optionaFr ame argument isn’t given the default of 0 is usedHf ane is not
a valid frame index the channel terminates with a stoppéince
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Object Name: FragParticle
Represents a single delineated particle. Created fre@et Par ti cl e method of a FragParts object.
The Fragmentation module delineates particles fromarpimage and then fits an ideal ellipse to each
particle. This object exposes both the raw particlemétion and information about the fitted ellipse.
See the script code below for an example of how tdei@ad use this object.

Methods:
Pi xel Count
Returns the integer pixel count for the delineated pafidethe fitted ellipse).

Area
Returns the floating-point area of the delineated partnaethe fitted ellipse). If this script occurs
before the Distribution Analysis module then the asda square pixels; if this script occurs after the
Distribution Analysis module then the area is in theésunsed by the Distribution Analysis module.

Texture
Returns the floating-point texture value for the partitlas is the value that is used to identify the
particle as fines or rock.

| sFi ne
Returngrue if the particle is considerdihesbased on its texturélse otherwise.

Rect Top, RectBottom RectlLeft, RectR ght
These return the pixel (un-scaled) coordinates of thecjggstbounding rectangle.

EllipseX, EllipseY
These return the floating-point coordinates of the cesfttre fitted ellipse. If this script occurs before
the Distribution Analysis module then these values arscafed and in pixels; if this script occurs after
the Distribution Analysis module then these values aked@nd in the units used by the Distribution
Analysis module.

El li pseMnj or, EllipseM nor
Return the floating-point length of the major and minor afeke fitted ellipse. If this script occurs
before the Distribution Analysis module then these v&alure un-scaled and in pixels; if this script
occurs after the Distribution Analysis module then thedees are scaled and in the units used by the
Distribution Analysis module.

El li pseAngl e .
Returns the angle of the major axis of the fitted edliis degrees. Zero degrees is to the right and 180
is to the left as shown below.

90

X \
180 "0
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Option  Explicit
Dim FragParts

' Called when channel execution begins
Sub OnChannelExecute

Set FragParts = CreateObject ( "SplitParts.FragParts" )
FragParts.Setchannel Channel ' Always do this!
End Sub

' Called when channel execution terminates
Sub OnChannelTerminate

Set FragParts = Not hi ng
End Sub
' Called when this module is executed in each chann el iteration

Sub Onlteration
Dim frameSet, frame, f, scale
Dim partCount, particle, p

' Get the orignal grayscale frameset.
Set frameSet = Channel .GetFrameSet( "Originals” )

' Look at each frame
For f= 0 To (frameSet.GetFrameCount - 1)
Set frame = frameSet.GetFrame(f)
scale = frame.GetScale " always returned in pixels per inch

' Square the scale to convert the area from square pixels to
' square inches
Dim scaleDiv
scaleDiv = scale * scale

' Get the number of particles delineated in this fr ame
partCount = FragParts.GetParticleCount(f)

' Look at each particle
Dim areaSum, pixelSum
areaSum= 0
For p= 0 To (partCount - 1)
Set particle = FragParts.GetParticle(p, f)
areaSum = areaSum + particle.Area / scaleDiv

Set particle = Not hi ng
Next 'p
SplitApp . Log "Frame" &f& ", avg particle area =" &
CSng(areaSum / partCount)& "sg.in."
Set frame = Not hi ng
Next 'f
Set frameSet = Not hi ng
End Sub

Sample Code: Using the SplitParts library
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