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.  General Information

1.1 Scope

This manual describes the proper use of the Pine AFA2 Aggregate Imagsatem,
including routine setup and operating procedures, periodic maintenance, calibration, and safe
issues. It is assumed that the reader of this manual and user of the system is already fami
with aggregate property analysis and its terminologywas | | as operation
operating system based computer. Familiarity with Micrdsgée™ software is alsassaimed.

Figure 1.1: The AFA2 Aggreqgate Image Measurement System
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1.2 Copyright

Under the copyright laws, this publicatiar the AIMS SORFWARE® may not be
reproduced or transmitted in any form, electronic or mechanical, including photocopying,
recording, storing in an information retrieval system, or translating, in whole or in part, without
the prior written consent of Pine Instrument Camy

e AIMS SOFTWARB?2003 200 Pine Instrument Company

1.3 Trademarks

e Superpav®! is a trademark of the Strategic Highway Research Program now owned by the
Transportation Research Board (Washington, DC)

e Microsoft® Window&" and Excef™ are trademarks of Microsofforporation (Redmond,
WA).
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Il.  Product Overview
2.1 Significance of Aggregate Physical Properties

Shape, angularity, and surface texture of aggregates have been shown to directly affe
the engineering properties of highway construction materials such as hasphalt concrete,
Portland cement concrete, and unbound aggregate layers. Most methods currently in use
measuring these properties of aggregate particles are indirect measurements of the desi
property. The AIMS SOFTWARE provides objective charamization of aggregate shape,
angularity, and texture and thus provides material property values that are useful in the design
pavement structures.

2.2 Description

The Aggregate Image Measurement System is an integrated system comprised of ima
acquisitionhardware and a computtr run the system and analyze data. The image acquisition
hardware uses @meramicroscope, aggregate traandbacklighting and toplighting systems.

The computer software includes a user interface to run the hardware, AIABEVEARED to
analyze data, anfxcefv to output the analysis in graphical fornrAn overall view of A-A2
system is shown iRigure 1.1

The AFA2is designed for use with aggregaieesrangingfrom material retained by a
0.075mm (No. Q0) siere throughmat er i al passi ng Analasigis umom (
size divisionswithin this range. Sizes reéined on a 4.75mm (No. 4nd larger are considered
coarse aggregates. The sizes passing a 4.75mm (No. 4) sievesideredine aggregas.

The image acquisition hardweacollects digital images amdeasures aggregateaterials
using a high resolution digital camera and a variable magnification microscope. Thesestem
a tray to support the material inh e ¢ dfieick of @wedvs BacHkighting is used to create a
profile image of the particle, from which dimensions and angularity gradients of the edges ar
measured. A secondscan utilizestop-lighting and variablemagnificationto capture texture
images and measueach coarsparticled beight.

The AIMS SOFTWARB utilizes the acquired images tbaracterized¢oarse aggregate
angularity, sphericity, flat and elongated, and texture. Buogregates are characterized for
angularity and 2D form.Results are presentad a standard spaglsheet formatvhich includes
statistical summaries and cumulative distribution graphs.

2.2.1 Summary of Coarse Aggregate Analysis

Analysis of coarse aggregates includedifBensional shape, angularityexture and
flatness, elongation, flatness & elongatiotiam Coarse aggregate analysis usggregate that
is washed and separated by sievee retained on a 4.76hm (No. 4) and larger siese The
aggregate sample is placedthe trough othe aggregate trayThe tray rotategositioning the
aggregatesn the back lighting andnder the camertor imaging. Each patrticle silhouette is
captured and the centroid of the outline determined.
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A second tray scan is performed using top lighting for the height measurefehird
scan capturetextureimages The z = 0 position is the surface of the tray with the particle height
measured at the centroad the silhouettgoresented inthe angularitymage These lireescans
are necessary for complete analysis of coarse aggregates(shgplarity, texture, ahparticle
dimensions) The system provides the following measures for coarse aggregate particles.

Coarse Aggregate Angularity (AIMS Angularity Index ranges fotm 10000)

Coarse Aggregate Texture (AIMS Texture Index ranges froni.0G0)

Coarse Aggregte Sphericity (AIMS Sphericity Index ranges from 0 to 1)

Coare Aggegate Flatness, Elongation, Flat & Elongated, Flat or Elongated Ratios

2.2.2 Summary of Fine Aggregate Analysis

Fine aggregate analysis uses washed aggregate samples separated by siev@asze tha
a 4.75mm (No. 4) sievalownto retained by @75mm (No0.200) sieve. The aggregate sample
of approximately 50 gram®r each sizas spread uniformly around the tray trough. Oohe
scan of the tray is needed, dpatklighting is used in this alyais for the larger fine sizesAn
opaqugnonttransparentjray and top lighting is used for material sizes #50 retained and smaller.
The tray rotées and images are captunadtil the desired particle count is reachddhages are
evaluated to removiuching particles from the analysiShe system provides the following
measures for fine aggregate particles.

¢ Fine Aggregate AngularitfAIMS Angularity Index ranges frorh to 10000)
Fine Aggregate For8D (AIMS Form2DIndex ranges from O t20)
2.3 Definitions of Terms

2.3.1 Aggregate Size
Aggregate sizevithin AIMS refers to thesieve sizeon which material is retained

2.3.1.1 FINE AGGREGATE
e Aggregate material passing 4.75mm (#4) sieve.

22-MAR-2011

Metric English
2.36mm #8
1.18mm #16
0.60mm #30
0.30mm #50
0.15mm #100
0.075mm #200

Table2.1: AIMS FineAqggregate Sieve Sizes
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2.3.1.2 CoOARSE AGGREGATE
e Aggregate material retained on 4.75mm (#4) sieve.

Metric | English
25.0mm 10
19.0mm 3/ 4

12.5mm 1/2"
9.5mm 3/ 8
6.35mm 1/4"

4.75mm #H4

Table 2.2: AIMS Coarse Aggregate SigSiees

Figure 2.1: AIMS SOFTWARE Analysis Properties

2.3.2 Form2D

AIMS Form2D aplies tofine aggregate sizes only and quantifies the relative form from
2-dimensional images of aggregate particl€be form indexX-orm2D is expressed biquation
2.1 Form2D has a relative scale of 0 to 20. A perfect circle has a Form 2D value of zero.

6=360-A0 _
Form2D= )’ [%} Equation2.1
0=0

whereRgi s t he radius of the particle at

ed i s t hediferenceriretheangle a |
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2.3.3 Gradient Angularity

Gradient Angularity gplies to both fine and coarse aggregate sizes and describes
variations at the particle boundary that influence theral’ shape. The gradient angularity
guantifies changes along a particle boundary with higher gradient values indicating a more
angular shape. Gradient angularity has a relative scale of 0 to 10000 with a perfect circle having
asmall nonzerovalue.

The Gradient Angularity is analyzedy quantifying the change in the gradient on a
particle boundary and is related to the sharpness of the cornerdimie@sional images of
aggregate particlesSeeFigure 2.2 The gradient méid starts by calculating the inclination of
gradient vectors on particle boundary points from ttaxis (horizontal axis in an image). The
average change in the inclination of the gradient vectors is taken as an indication of angularity
shown inEquation2.2

. 1 =
Angularity: GA= n—Z|6’, -0,

1=
3

where:d angle of orientation of the edge points

Equation2.2

nis the total number of points

subscript denoting the'f point on the edge of the particle.

Gradient vectors N\
\ e 7
Mo B " g,
s \
{\ ) A<B S L
N i
Rounded object Angular object

Figure 2.2:Gradient Vector for Smooth vs. Angular Particle

2.3.4 Texture

Texture describes the relative smoothness r oughness of aggregate p:
AIMS Texture @plies to coarse aggregate sizes oahd descriles surface micro-texture,
features less than approximately 0.5 mm in sib&ch aretoo small to affect the overall shape.
Texture has a relatvscale of 0 to 1000 with a smooth polished surface approaching a value of
0.
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The AIMS Texture analysis uses the wavelet method to quantify texture. The wavele
analysis gives the texture details in the horizontal, vertical, and diagonal directiongen thr
separate images. The texture index at a given decomposition level is the arithmetic mean of t
squared values of the wavelet coefficients for all three directions. The texture index isezkpress
mathematically aEquation2.3.

3 N 2
TX = izz O, «y_ Equation2.3
NS4
where: D = decomposition function

n = decomposition level

N = total number of coefficients in an image

i =1,2,0or 3 for detailed images

| = wavelet index

X,y = location of the coefficients in transformed domain
2.3.5 Sphericity

Sphericity applies to coarse aggregate sizes dadcribes the overall-@mensional
shape of particlecalculated witHEquation 2.4

. Sphericity has a relative scale of 0 to 1. A sphericity value of one indicatasice
has equal dimensions (cubical)

Sphericity: SP= 3| déz' Equation 2.4
L

where:ds = particleshortestlimension

o

d, = particle intermediatdimension
d. = particle longestlimension
2.3.6 Flat & Elongated, Flat or Elongated

Flat & Elongatedrepreserdthe ratio of the particle dimensioas described iEquation
2.5, Equation 2.6 andEquation2.7.

Flatness Ratio:Flatness= % Equation2.5
|
Elongation Ratio: EIongation:g—' Equation 2.6
L
Flat& Elongated Value:L/S= d Equation2.7

S
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where:ds = particle thicknessshortestdimension)
d, = particle width (intermediatdimensior)

d. = particle length (longestimension

Flat or Elongatedis the ratio @ the particle dimensions describeddguation2.8.

Flat or Elongated Value (ForE)g—'or%> Ratio( i . e. : Equatidn2.8 3 é)

S |

2.4 Specifications

Power AFA2A: 10.5A" at 115VAC / 7.5A at 230VAC
Acquisition Hardware: 100 ~ 240VAC, 2 Amps, 50/60Hz, 1 ph
Monitor: 100 ~ 240VAC, 1.5 Amps, 50/60Hz, 1 ph
PC: 115/230VAC, 7.0/4.0 Amps, 50/60Hz, 1ph
(‘”total draw including computer)

Dimensions 78.7cmWx78.7cm D x 114.3cmH
(~31" W x ~31" D x ~45" H)
Weight ~68 kg (~148 Ib)
Software AIMS SOFTWARE ©2003, 2009 Pine Instrument Company

* These specifications are subject to change without notice. *

2.5 Setting up the AIMS System

2.5.1 Location

The AIMS must be located in a laboratory environmeith room temperare kept
generally between 18°C to 25°Q.ypical office environments are suitable. The system should
not be exposed to excessive dust or vibration sugbr@ducednear sieve shakers, etc. High
humidity can cause problems wittondensation omhe precsion optics so an air conditioned
environment is required. In northern climates, a heated environmaisbigequiredto prevent
condensatiomi the optical system.

Select a levelsturdy bench or tabldor the AIMS unit It is not critical that themage
acquisition hardwarenit be exactly level, but it must be stablAny rocking or vibration will
cause blurry images and erroneous data.

2.5.2 Unpacking
1. All unpackingshouldbe done iran area protected from inclement weather
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Figure 24: Removing the Cover from the AFA2

2. Remove therate covecarefully. SeeFigure 24.
e Unbolt the image acquisition hardware from the cr&eeFigure 25.
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Figure 25: Removing the washers and clamp block

Figure 26: Lifting the Image Acquisition Hardware

3. Lift the image acquisition hardware offthe crateand place it on a sturdy table or bench for
operation.Use proper lifting techniqgues when moving the AFA&tem. SeeFigure 26.
4. Remove the contents of thecessorypox.
Computer
Trays
Microscope cover
CalibrationAccessories
Tray Rack
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