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.  General Information

1.1 Scope

This manual describes the proper use of the Pine AFA2 Aggregate Imaging Systen
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 terminology as well as opemtion a Wi ndo
operating system based computer. Familiarity with Micrdspée™ 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 SOFTWARE®©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 Company.

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® Windows" and Excef™ are trademarks of Microsoft Corporation (Remd,
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 hot mix asphalt concre
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 characterization of aggree 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 ogputerto 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, AIMS SOFTAVARE
analyz data, andxcer to output the analysis in graphical fornrAn overall view of AA2
system is shown iRigure 1.1

The AFA2is designed for use with aggregaieesrangingfrom material retained by a
0.075mm (No. Q0) sieve througimaterid passi ng a 3 7Analysimis fuion5 0)
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 aggregates.

The image acgsition hardwae collects 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 @edvs Backlighting is usedotcreate 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 AMS SOFTWARED 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 spreadsheet formdttich 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 & elongation rati@oarse agggate analysis useggregate 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 lightig andunder 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 positio 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(ahgplarity, texture, and particle
dimensons) The system provides the following measures for coarse aggregate particles.

222

Coarse Aggregate Angularity (AIMS Angularity Index ranges fotm 10000)

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

Coarse Aggregate Sphericity (A5 Sphericity Index ranges from 0 to 1)

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

Summary of Fine Aggregate Analysis
Fine aggregate analysis uses washed aggregate samples separated by sieve size that pass

a 4.75mm (No. 4) sievedownto 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 analydisr the largr fine sizes An
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 particlesrom the analysis. The system provides the following
measures for fine aggregate particles.

2.3
231

Fine Aggregate AngularitgfAIMS Angularity Index ranges frorhto 10000)
Fine Aggregate For8D (AIMS Form2DIndex ranges from O t20)

Definitions of Terms

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

2311 FINE AGGREGATE

Aggregate material passing 4.75mm (#4) sieve.

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

Table2.1: AIMS FineAqgregate 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 Sieve Sizes

Figure2.1: 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 Fom2D has a relative scale of 0 to 20. A perfect circle has a Form 2D value of zero.

6=360-A8 _
Form2D= >’ {RMI‘%%} Equation2.1
6=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

n-3
Angularity: GA= %Zﬂ — 6, Equation2.2
R 1 i=1
3

where:d angle of orientation of the edge points
nis the total number of points

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

Gradient vectors \

A<B

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 D, &y Equation2.3
3N=ZE -
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 2.3:Crate AFA2 Cover and Crate Box

\ o IL

Figure 2.5:Removing the Cover from the AFA2

2. Remove therate covecarefully. SeeFigure 2.5
e Unbolt the image acquisition hardware from the cr&eeFigure 2.6

14-JUL-2010 9 LMAFA2 Version2.03



Pine Instrument Company

! |
Figure 2.6 Removing the washers and clamp block

P P - TR

PRA Ry |

Figure 2.7: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 techniques when moving the AFA&tem. SeeFigure 2.7
4. Remove the contents of thecessorypox.
Computer
Trays
Microscope cover
CalibrationAccessories
Tray Rack
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2.5.3 Setup

2.5.3.1 SETTING UP THE COMPUTER

1. Remove computer tower, mouse, keyboard, mouse pad, povderacd computer setup
instructions fronthe computer tower box.

2. Remove the computer monitor, power cord, and setup instructions from the computer
monitor box.

3. Place components on tbench beside the image acquisition hardware.

4. Open the accessoriesxband remove the outlet strip, do not connect it to an electrical
outletat this time

5. Follow the computer tower set up instructions for cable connectilug the power
cord into the outlet strip.

6. Follow the monitor set up instructions for cable cotioes Plug the pwer cord into
the outlet strip.

Figure 2.8: The AFA2 Aggregate Image Measurement System

2.5.3.2 MOUNTING THE MICROSCOPE INSIDE THE IMAGE ACQUISITION HARDWARE
1. Cut the plastigie holdingthe image acquisition hardware doolssed. Se€&igure 29.

Figure 29: Plastic Tie on Doors
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2. Open the image acquisition hardware dodree microscopéoxis inside the image
acquisition hardware and sgcured in place by two bungee cords with foam beneath it.
SeeFigure 210.

Figure 210: Microscope Box Inside AFA2

3. Carefully remove the 2 bungee cords and remove the box from inside of the machine.
Place the box on a secure flat surface.

4. Open the microscope boinside the boxhereisthemicroso pe, a 5/heX 60 bal |l enc
wrench, and four socket head capsews with lock washersSeeFigure 211.

v Handle the microscope with extreme care. Do not touch the lens
Do not rotate the camera.

Figure 211: Contents of Microscope Box

5. Carefully pick up the microscope assembly abhdevve o the back of the microscope
two pins whichlocate it on the linear slidd here are four mounting screws to hold the
microscopeassemblyin place. The camera W extend through the hole in the top of the
image acquisition enclosure.
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Pins —

Locating
Holes —

5

Figure 2.2: Pins on Microscope and Locating Holes on Linear Slide

6. Align the microscope to the linear slide by placing the two pins on the back of the
microscope into in the niag holes on the linear sid8eeFigure 2.2.

Figure 2.13:Mounting the Microscope

v Keep a firm grip on the microscope until the four socket head cap screws are
tight. The alignment pins alone will not prevent the microscope from falling.
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7. Installthe four socket head screttsough the microscopgssembly andto the tajped
holes on the linear slideTighten them lightly SeeFigure 2.13
8. Once allfour screws are inserted, tighten the screws in a diagonal pattetnh t he 5/ 320
ball endhexwrench. These screws should be tightened firmly but not overly tight.
9. Remove the black lens cover from bottom of microscdpe. recommended that this
lenscover be placed on the microscope when the system is not in use.
The microscope must be removed if Hystemis transported to
another location. Retain thmicroscope box so that it can be used
to prevent damage to the microscope during transpod fo
extended storage periods

2.5.3.3 COMPLETING SETUP
1. Connectthe cameraableand zoom motor cable the microscopassembly.

e Locate the two cables, black camera cable andzgragncable, inside of the
image acquisition hardware that are taped to the ingade

e Pull the black camera cable up through the hole in the top of the Image
Acquisition Hardware. Plug the camera cable in either of the ports on top of the
camera.Secure the connector strain relief screws

e Pull the gray motor cable up through theehiml the top of the Image Acquisition
Hardware. Plug the microscope motor cable into the plug on the microscope.
Carefully ighten theconnector. Be sure to not twist the body of the connector.
SeeFigure2.14.

Figure2.14: Connecting the Camera and Motor Cables

2. Place a plastic tie around the two cables, with the tie tightening on both the metal end of
the motor cable and the cable itself as showkigare 2.5. Once tightened, cut offi¢
extra length of the plastic tieNote that the linear slide may be in a lower position than
that shown irFigure 2.5.
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Figure 2.5: Plastic Tie Securing the Cables and Cutting Plastic Tie

3. Attachthe microscope covéo the top of the image acquisition chambsingthe four
Phillips drive screwprovidedin the accessories boBe surethatthecamera cable and
zoom motor cablattached to thenicroscope assembly are secured to prevent them from
rubbingthe microscop cover. SeeFigure 2. 5.

Figure 2.5: Attaching the Microscope Cover

4. One of the microscope cover screws has machine threads which engage with a groundir
strap connected to the frame. Be sure this strap is connected.
5. Locat the other end of the camera cable emerging from the rear left corner on the outsic

of the image acquisition hardware. The cable should be taped to the outside wall.
Remove the tape.
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Figure 2.17:Tray Rack

6. Replace the middl®p cover screwvith thescrew supplied with the tray ratk a@tach
the tray rack to the AIMS system as showikigure 2.17 The tray rack may also be
mountedon the rearsideof the systendepending on lab configuration
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—

Figure 2.8B: Connecting the Caana Cable to the Computer

7. Connect the camera cable to any of the thEgeEl1394 ports on the back of the computer
tower. SeeFigure 2.B.

8. Connect thémage acquisition hardwapower cord (found in the accessories boxihe
image acquisition hardware and to the outlet strip. Fpee 2.D.

Figure 2.8: Plugging in the Power Cord for the Hardware

9. Connect théJSB cord(also found in the accessories box) into the USB port on the left
side ofthe imaye acquisition and into the back of the computer tower in any available
USB port. Seé&igure 220.
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Figure 220: Connecting the USB Cable

10.Removethe trays from théox.
11.Removethetwo clear plastic boxes labeled Calibrations Digkd S&ample Shapdom
the accessories box.

2.5.4 Power Requirements
Connect the image acquisition hardware to the proper electrical power source using the
appropriate power cable. The nameplate, main power switch, and power cord entry are located

on the left sile of the enclosure next to the power switch. Verify machine power requirements
listed on the nameplate prior to connecting to an electrical sdeigaé€ 221).

For installation at locations within the United States, a stantidbd grounded power
stripis included suitable for use with 11580 Hzelectrical outlets.

For installationsoperating at230V, 50Hz, use the appropriate, properly grounded
connection.Be sure to properly configure the computer for the supply voltage.

Read and understand this entire manual before applying power to the AIMS Unit.

Read and understand all personal safety warnings before applying power to the
AIMS Unit.
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AINE

Aggregate Image Mmummont System

MODEL NO:_AFA2A

SERIAL NO:_005

POWER: 100-240 VAC 50/60 Hz 2 A
DATE OF MANUFAC TURE: 08-JANUARY-2008

AIMS SOFTWARE © 2003, 2008 PINE INSTRUMENT
MADE IN THE USA

Figure 221: Nameplate

v Be sure the system has a proper electrical ground.

2.6 Personal Safety

When working with themage acquisition hardwareare should be taken to avoid injury.
Adhere to the following personal safety warnings as a minimum:

v Keep hands and arms away from moving parts and pinch points.

v Use proper lifting techniques when inserting and removing sample trays
to prevent back injury.

v Use proper lifting techniques when moving the system to prevent injury.

2.7 Network Connection
The AIMS computer may be interfaced with a network.

Pine Instrument Company does not provide assistance in
S troubleshooting connections to network systems. Consult the
B network manager for assistance.

2.8 Transporting the System

The image acquisdn hardware useprecision optics. Care should be taken to protect

the microscope and weera when moving the system.orRransporting to another location,
remove the microscope assembly from thedinslide mechanism and packagparatelyin a
protectve box for transport.(See Sectio2.5.3.9
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to a new location, the optics (microscope-camera assembly) should be
removed and packaged separately.

v Use proper lifting techniques when moving the Image Acquisition
Hardware.

v The AIMS unit includes precision optics. When transporting the system

2.9 System Checkout

2.9.1 Starting the System Control Software

The functions of the AIMS unit are controlled through the AIMS Softwareinssface.
First, turn the computer on. Once the WindBweperatingsystemis running, turn the image
acquisition hardware owith the power switchlocatedon the left side of the unit (sdegure
2.22. Double click on the AIMS icon on the computer desktop to start the system software.
The AIMS image acquisition hardware must be turned on prior to starting the AIMS interface
software.

-~'

Figure2.22: Hardware On Switch and AIMS Icon

the system. Re-install the lens cover when the system is

Be sure to remove the microscope lens cover prior to using
notin use.

2.10 Camera Alignment and Verification

Before operating the system to characterize materials for the first time after setup or after
transport, the system calibration should be verified.

Since the microscope camera assembly veasoved, camera alignment must first be
confirmed. Follow the procedures in Sect®d.5to confirm proper camera alignment. Save
the measurementTheRegion of Interest (ROI) routineeed be performed only if the camera
alignment was adjusted in Sectid@.5

After camera alignment is confirmed, follow the procedures for system verification in
Section3.3to confirm proper system operation. If the system pasgegditification routines, it
is considered fully calibrated. Recalibration is only required if the verification fails.
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1. Standardization

3.1 Definitions

Standardize: a proces® bring a measuring instrument or measurement sysieto
conformance to a knownandard(i.e.: dimensional measurement, etc.).

Verify: a process that establishes whether the results of a previously calibrated measurems
instrumentor measuremergystem are stableVerification is used to determine
when to recalibratelf the machne response is in conformance, no correction is
required.

Calibrate: a process that establishes the relationship between the results of a measureme
instrumentor measurement systeand the corresponding values a reference
standard.

3.2 General

Before atempting to standardize the AIMS system, be sure to read and fully understanc
this procedure as outlined in this section. The system should be standardized omm@nsami
basis and after the unit has been transported.

Room temperature should be 18°C2&fC. Check that the computer date and time are
correct before starting. The standardization date is stored in memory when this procedure
completed.

3.2.1 Tools Required

e Calibration disks (brass): 19.00m@utside Dameterx 3.00mm Inside Diameter x
2.00mmthick and 4.70mm diameter x 2.00mm thi¢kdure3.1). A spare 4.70mm
disk is provided. Thee dimensions are nominal, a certificate with the precise
dimensionof each disks provided.

o 18% gray scalg &r@@ure&l)

4 o

Figure3.1: Standardization Tools
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3.3 Verification

Before verifying the system operation, be sure the system trays, turntable are clean and
free of loose aggregate particles.

To begin verificaaitoogdowpublmebhut ArdiChenbsel ec
Syst emo. The Al MS veri ficat i ohampa/Camdra w cont ai
Height/Zoom/Resolution, and Tray. The verification window also shows the date that each

function was last verified. Verificatiomay be done in any order but for best confirmation,
select the operations from top to bot $ee m. Sel e

Figure3.2.

- AIMS System Verification

Function Date Last Yerified
l Verify Lamps/Camera ] [ 5/8/2009 ‘
[ Verify Height | Zoom | Resolution ] l 4_)’24:);2009 ‘
| Verify Trays | [ sieo09 | 25.0 (1.0)

| 5/8/2009 | 19.0 (0.75)
Bz el
| 5/8/2009 | 9.5 (0.375)
Uoloenos 2 6,85 (0.0

| 5/8/2009 | 4.75 (#4)
| 5/8/2008 | Opagque

Verification Report (Excel) \

Figure3.2: System Verification Window

v For an accurate system check, the doors must be fully closed while the
system performs each verification routine.

3.3.1 Verify Lamps/Camera
This step confirms the lamp settings and camera performance.
1. Place the 25mm tray in the image acquisitimrdware.
2. Select Calibration>Verify System then select Lamps/Camera function in the AIMS
System Verification Window.
3. Instructions are provided in each window in red font. The lamp verification routine will
step the user through confirming the bottamd #op lamps are of proper intensity and
properly aligned.
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4. Top lamps are checked for alignment and intensitye bottom lamp is checked for
intensity only.

|
Mesn Inkenaly 224

o d the t ~ Continue

' r e . .
B peieis Tl cas e ot s | Bottom Lamp verification is complete.

d b tray. The wr of e sbave Dorwe iFi 1
e owiole gy A pasi | Be-.] Verification passed.
Ok “Tombawan™ sshen ready.
l

Figure3.3: Bottom Lamp Verification

5. The 18% Gray Card is used for top lamp inspectiBlace the card ON the tray within
the camera field of view (séggure3.4). The gray card should be positioned so that it
takes up the entire camera viaWhen handling the Gray Card, hold it by the edge to
protect the surface fro fingerprints.

R )

Figure3.4. Top Lamp Verification (Gy Card in position)

6. Top lamp alignment is confirmed by viewing the location of the lamp spot with respect to
a red target circle provided in the windoliqure3.5). Both left and right lamps require
this visual inspection. If the lamps are out of alignment, they can be adjusted at this time
by loosening the mounting screws and making the necessary adjusirhenalignment
does not need to be precise.
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it @ g Intensities et O Jmgn Intenisities
ght  Lelt Deka Pt L Debin Repeat

. 0 " . ek and Prowge

Conil o
Highl Sarnd Larmys shroudd bre smmsrnl wark that the 4J
w b "

Brighies portizn of Hie rs arm m TR rTe S e M n be Done l
Adpask @ rex rvnery sada
Chrk “Coraves™ when Anbaliee.

g

Figure3.5: Lamp Alignment Examples for One Lamp and Both Lamps

7. Once the top lamp alignment is confirmed, the intensities are then evaluated.

8. If top lamp verification is successf,message will be displayai:L a mp/ Ca mer a
verification i s wexhfrigwe3.6. o Select AOKO

Figure3.6: System Verification Window

9.1f the Il amp intensity verification fails, the
berecal i brated. o I f this messageirmolfteeur s , repea

verification fails a second time, the lamps require calibration. See S8atidn

3.3.2 Verify Height/Zoom/Resolution (and Camera Alignment)
This step confirms the microscope performance parameters and image resskitorrect.
1. Place the 25mm tray onto the turntable in the image acquisition enclosure.
2. Retrieve the 19mm brass disk with center hole from the Calibration Disk Kit in the
Accessories Box. Sdagure3.1.

3. Select the AHeight/ Zoom/ Resolutiono function
Window.

4. Fol l ow the instructions g¢g-ResadutionHeni grhetdo f ont i n
window. The verification routine will step the user through the verification using the
large (19mm) brass disk with a 2mm center HeéeFigure3.7).
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