
PNL-SA-21677

""CC./V¢I:)
:u,v2
0ST IQUANTITATIVELUMINESCENCEIMAGINGSYSTEM

." _"L._

.- _ _ _._
C R Bat",shko = " "°
K A. Stanl o=8- ==o

• _o_'_ _ >.

B A. Fecht __-_ - _ _ _• _-- o ='o .-_
_ _'_ _

.== ! = = _ _"E- "LE_ o-i.===_,=,,," -_,=

# _ _ o.-,.=-_

Presentedat the _• _
Workshopon 3-Dimensional _='__

GraphicsModeling of RFR _ 8 =.._==_
Distributionin Humans ,=,,=_.._,_,-_._ .,.=_
December 8-9, 1992 _e o _ _

Brooks AFB, TX _z _ _.= s

Preparedfor
the U.S. Departmentof Energy
Contract DE-ACO6-76RLO1830

PacificNorthwestLaboratory ,,._
Richland,Washington 99352 .....,,-'

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED



_r

QUANTITMIVE LUMINESCENCEIMAGINGSYSTEM

C. R. Batishko

K. A. Stahl

B. A. Fecht

PacificNorthwestLaboratorya

Richland,Washington99352

ABSTRACT

The goal of the MEASUREMENTOF CHEMILUMINESCENCEproject is to develop

and deliver a suite of imagingradiometricinstrumentsfor measuring spatial

distributionsof chemiluminescence. Envisioneddeliverablesinclude

instrumentsworking at the microscopic,macroscopic,and life-sized scales.

Both laboratory and field portable instrumentsare envisioned.

The project also includesdevelopmentof phantomsas enclosures for the

diazoluminomelanin(DALM)chemiluminescentchemistry. A suite of either

phantoms in a variety of typical poses, or phantoms that could be adjustedto

a variety of poses, is envisioned. These are to include small mammals (rats),

mid-sized mammals (monkeys),and human body parts. A complete human phantom

that can be posed is a long-termgoal of the development. Taken together,the

chemistry and instrumentationprovidea means for imagingRF dosimetry based

on chemiluminescenceinducedby the heat resultingfrom RF energy absorption.

The first deliveredinstrument,the QuantitativeLuminescenceImaging

System (QLIS),resulted in a patent, and an R&D Magazine 1991R&D 100 award,

recognizing it as one of the I00 most significanttechnologicaldevelopments

of 1991.

The current status of the project is that three systems have been

delivered, several relatedstudies have been conducted,two preliminaryhuman

hand phantoms have been delivered, systemupgr_Ldeshave been implemented,and

calibrationshave been maintained.

a PacificNorthwestLaboratoryis operated by BattelleMemorial Institutefor the U. S.
Departmentof Energyunder contractDE-ACOB-7BRLO1830.
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Current developmentincludessensitivityimprovementsto the microscope-

based system;extensionof the large-scale(potentiallylife-sized targets)

system to field portable applications;extensionof the 2-D large-scalesystem

to 3-D measurement;imminentdeliveryof a more refined human hand phantomand

a rat phantom; RF, thermal and imagingsubsystemintegration;and continued

calibration and upgrade support.
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PREFACE

This document annotatesthe accompanyingset of graphicmaterials. The

materials are essentiallycopies of viewgraphsused in a briefing at the 8-9

December 1993 Workshop on 3-DimensionalModellingof RFR Distributionsin

Humans, held at the USAF ArmstrongLaboratory,Brooks AFB, Texas.

INTRODUCTION

The MEASUREMENTOF CHEMILUMINESCENCEproject began in mid-CY85 with a

feasibility study of the applicationof low light level video radiometryto

the problem of radiometricallyquantifyingspatialdistributionsof

chemiluminescentemissions. The intensityof these emissionscan be

correlated to chemical reactionrates, temperaturerise in the sample, and

ultimately to absorbed RF energy.

The envisioned temporalresolutionof one to ten secondsand sub-

millimeter spatial resolutionwere significantimprovementsover existing

technology involvingtemporaland spatialintegrationusing photomultiplier

tubes (PMT). The delivered temporaland spatial resolutionare 1/30 second

and approximatelyI/4 mm, respectively.

Successful resultsof the feasibilitystudy led to a continuing effort

with the scope of developmentand delivery of a suite of radiometric

instrumentsfor measurementof chemiluminescence. Instrumentsenvisioned

included instrumentsworking at the microscopic,macroscopic,and life-sized

scales. Both laboratoryand field portable instrumentswere envisioned.

VIEWGRAPHANNOTATIONS

1. TITLE SLIDE - QuantitativeLuminescenceImaqinq System

The instrumentsdeliveredunder the MEASUREMENTOF CHEMILUMINESCENCE

project have been named QuantitativeLuminescenceImagingSystems (QLIS) and

will be referred to as such throughout. The variationswill be referred to by

prefixes as follows:



• M-QLIS microscope-basedQLIS

• QLIS the prototypeQLIS, being a mid-scalemacroscopicsystem
designed for 50 mm diameter sample cells

• L-QLIS large-scaleQLIS, furtherdifferentiatedas 2-D or 3D

The principle PNL contributorsto this presentationincludeC. R.

Batishko, K. A. Stahl, and B. A. Fecht. Pacific NorthwestLaboratory is a

U.S. Department of EnergymultiprogramNational Laboratory.

2. METHOD OVERVIEW

In the case of cultured organisms,the method begins with RF exposure of

the organisms in diazoluminomelanin(DALM),the USAF/AL-developedchemical

medium which is key to the chemiluminescencemethod. The result of the

absorption of RF energy by the organismsis to stress the organisms, causing

them to produce peroxides,which, in combinationwith the DALM, results in

chemiluminescence. For the current reactionsof interest,this light has a

spectrum comparableto the standardreactionof luminol in DMSO activatedby

sodium peroxide,a reactionused as a calibrationsince its luminous emission

as a function of reactantconcentrationsis known. The spectrum is

convenientlybroadband,centered in the green to blue-green (-550 nm) region

of the spectrum,and somewhat similarto the distributionof sensitivityof

the human photopiceye.

The spatialdistributionof chemiluminescenceis detected by an imaging

device - at this time, an intensifiedvideo camera of either vidicon-type,or

two-dimensionalcharge coupleddevice (CCD) array. The detected distribution

results it,a digitized array which can be displayedas a video frame. With

current hardware,the image is 640 x 480 pixels by 8 bits. An 8 bit image is

one having 256 gray levels.

The analysisconsists of calibratingthe gray scale, taking into account:

• spectral distributionof the source

• spectral sensitivityof the camera

• camera gain setting (multiplegain settings are needed to extend the
dynamic range of the camera from a fraction of an order of magnitude



representedby 256 gray levels to approximately3 orders of magnitude, or
the equivalent of about 10 bits)

• camera light collectiongeometry•

The result is a measurementof radiant flux producedby the sample, expressed

in photons/sec/cmz, which can be used to deduce reactionrates, and

subsequentlyused as a dosimetricmeasurement•

3. IMAGE DETECTIONTECHNOLOGYOPTIONS

One of the earliest objectiveswas to determineif technology existed

with adequate sensitivityto detect light below the visual threshold in a way

that would be useful in implementingimagingradiometryat this low light

level. The initialtechnologysurvey found three general classes of image

detectors:

• intensifiedvideo
• cooled, slow scan, CCDs
• resistiveanode encoders

Intensifiedvideo detectionbegins with a photocathodeas in a PMT, which

converts light (photons)to electronsby way of the photoelectriceffect, at a

quantum efficiencyof tens of percent. In a PMT, the spatially integrated

electron flux is multiplied,resultingin measurable,but spatially

uncorrelatedelectric current. Intensifiedvideo cameras utilize image

intensifierswhich maintain the emitted electronsin a spatiallycorrelated

distributionas they are multipliedso that the result is an intensified

image, not simply a spatiallyintegratedelectronicsignal.

Modern intensifiersare typicallymicrochannelplate intensifiers. These

consist of thin plates comprisedof microscopictubes through which the

electrons are drawn by an acceleratingpotential. The walls of the tubes are

coated with materialswhich absorb electrons,and then emit more electrons

than were absorbed. The parallelnature of the tubes results in electrons

emitted by the photocathodeand entering the plate, maintainingtheir spatial

relationshipas they are multiplied though multiplecollisionswith the walls

of the tubes. At the end of the tubes, a shower of electronsemerges from

each tube, multipliedby factorsof up to hundredsof thousandscompared to

the numbers enteringthe tubes. These electronsimpingeon a phosphor which
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is excited to a higher energy state, then returns to its lower state by

emitting light to produce an image whose brightness is related to the amount

of light detected by the photocathode,and thus the chemiluminescenceemitted

by the sample. This intensifiedimage is then detectedby a video camera.

The QLIS use a high sensitivityvidicon-typecamera,while the M-QLIS and L-

QLIS use a CCD camera for this purpose.

Cooled, slow scan CCDs have no intensifiers,but derive their sensitivity

from long time integration. Whereas intensifiedvideo cameras produce images

at video frame rates (30 frames/second),cooled, slow scan CCDs produce single

frames at temporal resolution limitedby the integrationtime and the time

required to transfer the detected image to digital memory. Integrationtimes

can be hours, given high-qualityCCDs and cryogeniccooling to reduce

backgroundnoise to a few electronsper detectorelementper second.

The mechanismat work in CCD cameras is the accumulationof electronic

charge in proportionto the amount of light fallingon each element of the

camera's two-dimensionalsiliconor gallium arsenidedetector array. The

array is read out digitally, providinggray scale valueswhich then can be

displayed as the image.

The mechanismof the resistiveanode encoder also begins with a

photocathode,as in the intensifiedvideo cameras and PMTs. Typically, high

gain is achieved by using a microchannelplate intensifier,as in intensified

video cameras. However, final detectionand readoutis by a different

mechanism.

The multiplied and acceleratedelectron streamsleaving the microchannel

plate impinge on a flat plate anode. The electronscollectedon the plate

result in a current that flows to each of four conductorsdraining four

symmetricalquadrants. The current ratios among the conductors is related

geometricallyto the resistanceratios among the four paths so that the

geometricalposition at which an electron (or a stream of electrons) impinges

on the plate can be computed from simple ratios. By this means, it is

possible to achievesensitivitiesat the photon countinglevel, but,

conversely,the upper limit of detectionis limited by the time discrimination

needed to resolve individualevents. Apparently simultaneousevents, within



the time constant,are recordedas a single event at the centroid of the

individualevents.

Each method represents advantagesand disadvantagesrelative to the

others. The tradeoffsamong these, relative to the dosimetry requirementsand

chemiluminescencecharacteristics,have guided developmentchoices. Until

now, the primary tradeoff has been sensitivityversus cost. Both QLIS and

L-QLIS could be implementedat an adequatesensitivityusing the lowest cost

technology, intensifiedvideo. The M-QLIS has demandedmuch higher (>103

times) sensitivityso that the more expensivetechnologiesare now under

consideration.

As sensitivityhas become mGre important,other factors have become

significant. For example, intensifiedvideo is widely supportedby 8 bit, 30

frame/secondhardware and software. Cooled, slow scan CCDs begin at 12 bits,

and extend upwards to 20 bits of dynamic range, and result in single images,

not a steady stream of 30 frame/secimages. Specializedhardware and software

are required. Resistiveanode encodersare also time integrationdevices and

also result in high dynamic range,requiringspecializedhardware and

software. Finally,while intensifiedvideo is relativelymature, the other

technologiesare less so, with cooled,slow scan CCDs just beginning to reach

an acceptablelevel of maturity for relativeuser friendliness.

4. QLIS - TITLE SLIDE

The first instrumentdeliveredwas the QLIS. The line drawing shown in

this slide shows the camera assembly installedin the RF waveguide provided by

the Air Force. The sample is containedin a cell approximately50 mm in

diameter by 10 mm thick. The cell is mounted in the circular opening shown at

the center of the square structurebetweenthe two sectionsof the waveguide.

A rigid, L-shapedcoherent fiberoptic"image conduit"transfers the

chemiluminescencedistributionfrom the cell to the camera assembly mounted

above the waveguide.

The light detected is quantifiedas an 8-bit gray scale value (0 to 255),

and used to compute the number of photons emitted per second per square

centimeter of the sample using a calibrationcurve like that shown in this
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slide. This curve relates the gray scale value responseof the QLIS at each

gain setting, to a working parameterwhich is subsequentlyassociatedwith the

brightness of a National Instituteof Standardsand Technology (NIST)-

traceablecalibrationstandard.

5. QLIS - SYSTEM,AS DELIVERED

The entire QLIS system, as originallydelivered, is shown in this slide.

The camera/waveguideassembly is shown to the right, along with the supporting

computer system. The computer systemconsistedof a DEC MicroVAX with

appropriate video digitizerboard and image processing software. The MicroVAX

was subsequentlyreplacedwith a PC.

6. QLIS - COMPONENTS

The camera sectionof the QLIS is shown in this slide. At the right is

the entire assembly,without the RF sourceend of the waveguide, and without

the square sample cell mounting structure. The camera assembly is shown with

the components separatedat the center of the slide. The fiberoptic image

conduit assembly is shown separatedat the left of the slide. The L-shaped

fiberoptic conduit is wrapped with black,opaque tape to exclude ambient

light. The housing/couplermechanicallycouplesthe L-shaped fiberoptic

conduit and the fiberopticreducer.

Not shown is the QLIS calibrationsource,a 50 mm diameter

radioluminescentsource based on carbon-14exciting a P-20 phosphor. The

brightness of the source is known to degrade by about I% per year, due

primarily to aging of the phosphor. (The half-lifeof carbon-14 is 5,730

years, so radioactivedecay is insignificant). The source replaces the sample

cell at the input end of the fiberopticreducer. This source was selected For

its low light level short-termstability,convenienceof not requiring

external power, compactness,and tunability (by phosphor selection) to closely

match expected chemiluminescentsource spectra, lt is a rugged, sealed

package meeting appropriateANSI standardsfor handin[,.Its original

calibrationwas traceableto NIST, and the calibrationdata which feeds into

the analysis has been adjusted periodicallyto compensatefor brightness



degradation. Recertification,or at least comparisonof results using an

alternate calibrationdevice, is appropriate.

I. QLIS - EARLY IMAGERY

This sample imageryillustratesthe capabilityof the QLIS. During

development,the camera was tested using a standardchemiluminescencereaction

often used to calibratesystems, lt consists of luminolin DMSO, which is

then activatedby the injectionof sodium hydroxide. If reagents are in the

prescribedconcentrations,a known chemiluminescence(expressed in

photons/sec)results. In this case, absolutephotometrywas not needed, so

concentrationswere not carefullycontrolled. The resultingchemiluminescence

was near to below the visual thresholdof the dark adaptedeye.

The luminol/DMSOmixturewas placed in a I cm x I cm spectroscopic

cuvette positionedat the focal position of the camera. With only a minimal

amount of light leaked into the room from a covered flashlight,the camera was

set to its maximumgain and the image recorded on VHS video tape. The purpose

was to provide a referenceimage which would define the location of the sides

of the cuvette and the meniscus. The frame labeledto was digitizedwith only

this leaked ambientlight present in the room. Since the tI to t4 sequence

did not have an associatedambientimage, the ambientimage to was digitized

from another test run for use in this presentation. The result is that the

meniscus location may not correlateexactly.

Sodium hydroxidewas injectedusing a micropipetteand the resulting

reaction recorded over a period of a minute or two. Time sequence images tI

to t4 were arbitrarilydigitizedto illustratethe detected chemiluminescence

distributionas the reagents producedthe initial"flash"which subsequently

dimmed. The distributioncan be seen to change as the reagent_ swirledwith

initial, then decreasingturbulence.

The digitizedimageswere contrast enhanced and pseudocoloredfor

viewgraph clarity, and contrastenhanced for hardcopyclarity. Nevertheless,

even the raw video taped imageryclearly shows the swirling action, and the

momentary brightening,and subsequentdecay of the reaction.
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8. QLIS - ANALYSI_

This slide traces the analysis of QLIS data, from detected gray level to

resulting radiantflux in photons/sec/cm2. The camera system detects light

using an analog intensifiedvideo camera. A frame is "grabbed",meaning it is

captured and digitized to an 8-bit gray scale. The 8-bit gray scale value, at

a point or averagedover some selectedarea, is measured using a commercial

image processing application,IMAGE PRO PLUSTM. The gray scale value is

associated with a relative brightnessby comparisonwith a relationship

between known brightness and resultinggray scale values at each of a range of

intensifiergain settings.

Since the sample emission is invariablydifferentthan the camera

spectral sensitivity,a normalizationfactor is definedfrom the known sample

chemiluminescenceemission spectrum,the spectralcontent of the calibration

source (filteredto be photopic),and the camera spectralsensitivity.

Using the averagegray scale values of the calibrationsource and

measured from the digitized image of the sample chemiluminescence,the

spectral normalizationfactors, and scale factorsderived from gray scale

values and gain settings,a radiancecan be computed for the point or area of

interest, from which the gray scale value was measured.

Using the solid angle of the collectingaperture,in this case of the

input end of the fiberopticreducer,the radiancecomputed in the previous

equation, the actual area of the sample representedby one image pixel, and

the number of pixels of interest,the radiant flux can be determined.

The result is also expressed in terms of the number of photons/sec/cm2.

To determinethis number, the radiantflux is fitted to the relative spectrum

of the chemiluminescence. The spectrumis divided into narrow bands (10 nm)

and the amount of energy determinedfor each band. An average photon energy

for the band is used to deduce the number of photonsreRuired at that energy

to produce the radiant flux in the band. For the QLIS, the detection limit is

about 2 x I0s photons/sec/cm_.

1o
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9. M-QLIS - TITLE SLIDE

The M-QLIS was the second system delivered. The design objectivewas to

develop a microscopesystem capableof providingthe same kind of video-based

imaging radiometryas the QLIS, but using a microscopehaving a custom, stage-

mounted RF'antenna. The goal was a tool which would allow researchersto

quantify the distributionof chemiluminescenceat the cellular level of

spatial resolution. This slide lists the subsystemsused in assembling the

M-QLIS. The system included the followingcomponents:

• microscope - Olympus model #BHMJ

• camera- ITT mod_l #F4577

• calibrationsystem - Hoffman Engineeringmodel #RS-65-C Spectral Radiance
Standard (NISTtraceable)

• computer - Gateway 2000 80486/33 PC-AT compatible

• mass data storage - AlphatronicsINSPIRETM 650 MB erasableoptical drive

• frame digitizer- ImagingTechnologyVS-I00/640

• image processingsoftware - Media CyberneticsIMAGE PRO PLUSTM

• RF antenna- custom developedand fabricatedby PNL

10. M-OLIS/QLISGRAPHIC

This slide shows conceptualdesignsof both the QLIS and the M-QLIS.

Notice that the artist'sconception indicatesthat the QLI_ was intended to

measure colonies,while the M-QLISwas intended to measure individualcells

(and perhaps intracellularstructures).

The M-QLIS consists of a moderate quality researchmicroscope with an

intensifiedvideo camera and image digitizingand processingcomputer,RF

antenna and RF source. While it was obvious that photometricsensitivity

greater than that of the QLIS would be required,it was not clear how much

greater it would need to be. Intensifiedvideo was again implementedas the

lowest cost detectiontechnology,and for its compatibilitywith the QLIS and

processing/analysistechnology.

II
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11. M..QLISSYSTEM

The deliveredsystem consists of the microscope,intensifiedcamera,

calibrationsource,RF antenna, and PC-compatiblecomputer running

commerciallyavailableimage processing software,with some custom routines.

12. M-QLIS - SYSTEM SENSITIVITY

The sensitivityof the system,as delivered, is inadequatefor the level

of chemiluminescencetransmittedthrough the microscopeat any magnification.

This table summarizesthe detectionlimit at variousmagnifications.

A number of camera systems have been tested with the microscope to try to

improve sensitivity. Cameras tested include both intensifiedvideo and 16 bit

cooled, slow scan CCD systems. Only one, a HammamatsuC2400-47 camera shows

promise.

13. M-QLIS _ RF ANTENNA

The antenna providedby ArmstrongLab could not be adapted to the

requirement. A replacementwas designed and fabricatedto mount beneath the

post-mountedmicroscopetube and serve as the microscopestage, lt was

designed to accept two-inch diameter sample dishes which are placed directly

above the radiatingelements. The entire antennaassembly is mounted on X-Y

stages for lateral positioning. Focus is adjusted using the post-mountedtube

assembly.

This slide shows the structureof the PNL-designedRF antenna. The

radiatingelements are coaxial cylindersof brass shapedand positioned so as

to provide a high efficiencyfield over a useful area of the sample dish.

This slide also illustratesthe improvementin radiatedpower of the PNL

antenna compared to the older antennaprovidedby Armstrong.

14. M-QLIS - RF ANTENNA

This slide shows the custom PNL-developedradiatormounted in position

below the microscopeobjectives. Notice that it fits into a recess in the

microscope baseplateand includesmicrometerdrive X-Y translators.

: 12
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15. L-QLIS TITLE SLIDE

The Large Scale QLIS (L-QLIS)was designed to providethe same kind of

quantified imagingradiometryas the QLIS, except for large samples. The

system consists of an ITT intensifiedvideo camera and a fast f/0.85 Fujinon

video camera lens. lt is calibratedin the same manner as the QLIS, except

that the calibrationsource is a commercial integratingsphere-typesource,

rather than a radioluminescentsource• A mirror was placed to the left and

behind the camera to allow the camera gain control knob and various connectors

to be seen.

The two sample images shown on this slide consistof a monochrome, room

light, reflectedlight image of a hollow plastic human hand phantom, and a low

light image of the same hand. In the low light image,the chemiluminescence

distributionwas simulatedby looselyinsertingcotton swab-likematerial into

the thumb to block the light, and illuminatingthe entire hand from the back

with a very faint, yellow LED. The circular area to the right of the hand in

the low light image is the apertureof the calibrationsource through a stack

of neutral density filters. The elongatedpatches above and to the left of

the aperture are light leakage around the filter stack.

16. L-QLIS RADIOMETRY ILLUSTRATED

L-QLIS radiometryis performedidenticalto the analysis already outlined

for the QLIS. This slide illustratesanother facet of analysis made possible

by the tools includedin the image processingsoftware. The reflected light

image is shown for geometricalreference. The processedimages are all taken

from the same digitizedframe, but each is processedto isolate areas having

gray scale values in a selectablerange. This enablesthe average gray scale

value to be found for all pixels in the image which are within that

preselectedrange.

The image at the upper left is a raw low light image. The image at the

lower left has had all pixels greaterthan 128 in the 0 to 255 (8 bit) range

replaced by 255 (white)for visualizationpurposes. Notice that the

distributionacross the calibrationaperturecontains pixels in this range.

An IMAGE PRO PLUSTM libraryfunctioneasily reports gray scale value range,

18
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averagegray scale of those pixels,number of pixels,real area of those

pixels and other selectableparameters.

The remainingimages at the top and bottom right, respectively,have had

pixel values replaced by 255 (white)for the ranges greaterthan 195 and

between 128 and 195, respectively. Notice in the lower right image that there

are areas boundedby white which retain the gray values they had in the raw

image, meaning that they are outsidethe selectedrange of 128 to 195.

Having determinedthe averagegray scale value using this process, the

analysis alreadydescribedwould result in the number of photons/sec/cm2

coming from the area of the hand defined by the selectedgray scale range.

17. PORTABLE L-QLIS

The next step in the developmentis to adapt the L-QLISte field

operationby using the same camera and lens combinationas in the L-QLIS, but

with either a VCR for image collectionwith post-processingat a base station

or with a portablecomputer. While a laptop computer is shown, work is

underway to adapt a notebookcomputer for frame grabbingusing a custom,

miniaturizedframe grabber which doesn't require an expansionslot.

In additionto the computer and camera, a portablesystem would include a

DALM-filledphantomand a portable,ambient light excludingenclosure,

representedby the black backgroundshape behind the phantom.

18. 3-D L-QLIS - RATIONALE

Another facet of the developmentis aimed at adaptingthe L-QLIS to

volume operation. At present, the system maps the light emitted by the volume

into a two-dimensionaldistributionin which the chemiluminescencealong a

line-of-sightpath through the volume is recorded at a single pixel in the 2-D

array. Since real organismsare volume objects, a true 3-D volume array of

the chemiluminescencedistributionis needed.

14



19. 3-D L-QLIS -CONCEPT

A number of technologiesare being consideredto implementa 3-D L-QLIS.

These includeboth single and multiple camera technologies.

Since the phantom is transparentto visiblelight, emittedphotons leave

their point of origin and travel outward in all directionsin straight lines

(exceptfor refractionat interfacesand scattering). Simple two or more

camera tomographymay allow adequatelyaccurate brightnessmapping using well-

establishedtomographicalgorithms. A commercialsoftwareproduct, IMAGE

ANALYSTTM, implementsthis kind of technology.

Another approachwhich was identifiedearlier in the project and has

since been introducedin the literatureis somewhatequivalentto confocal

microscopy, except on a macro scale. A camera (and its lens system) are

characterizedto obtain its three-dimensionaltransfer function. Data

acquisitionconsistsof scanningthrough focus so that the in-focus image

moves through the volume from front to back (or vice versa). For one frame at

each of a set of image frames, the transfer functionis used to deconvolvethe

image to separatethe in-focus light from the out-of-focuslight. The in-

focus light is then a slice of the volume showingthe distributionof radiant

emission in the plane of that slice.

A commercialproduct,MICROTOMETM, uses this concept to sharpen and

increasedepth of field in microscope images.

2O. PHANTOMS

The objectiveof the PhantomsTask is to develop and deliver a series of

mammal phantom shellswhich would be filled with the DALM solution for use in

research. The phantomswould includehuman body part models, includinghands,

limbs and head; rats; chimps; and possibly others. The culminationof the

research will be a life-sizedhuman phantom.

Phantomswill provide a capabilityfor the researcherto select various

poses, either through poseablejoint designs or throughvarious phantoms

representingstandardposes. For example, rat phantomswould be delivered in

both upright and normal positions. For the human phantom,the limb

developmentwill precede the completelyintegratedphantom. Leak-resistant,

15



movable joints will first be developed,then integratedto form a complete

human phantom.

The two hand phantoms shown are the first two deliveredphantoms. They

are shown in greater detail in subsequentslides.

21. THICK WALL HAND PHANTOM o SIDE

The shape of interest in this case is the hand itself. Idea,ly, if the

DALM could be suspendedin the correct shape in free space, the shell would

not be needed. However, since it can't, the next best solution is to use a

structureto contain the DALM. If the containerdoes not affect the

distributionof RF energy, its outer shape can be arbitrary. With this in

mind, a cylindricalouter shell was used to enclosea hand-shaped cavity. As

can be seen, there is considerablespatialdetail which would result in

significantoptical scatterat the interface. The interfacesbetween the

multiple pouringsof the plasticare also evident and would likewise cause

unwanted refraction,scatteringand reflection at interfaces. A fill hole is

located in the top of the cylinder.

22. THICK WALL HAND PHANTOM - BACK

This slide shows the back of the hand in the same phantom as shown in the

previous slide.

23. THICK WALL HAND PHANTOM - IRRADIATED

This slide shows the thick-walledphantom, filledwith DALM, being

irradiated in a cylindricalwaveguide. The bright parts of the image are due

to chemiluminescenceresultingfrom absorptionof RF radiation.

24. THIN WALL HAND

After consideringthe geometry in terms of its effectson both optical

and RF transmission,it was decidedthat a thinnerwall would be preferred,

even though the external shape is of no interest. This slide shows a thin-

wall hand. As with the thick-wallhand, there is still too much surface

detail. The wall thicknessvaries from one or two millimetersto very thin.
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In fact, some areas were so thin that the hand was exceptionallyfragile and

was accidentallybroken. The fill hole is again at the wrist, and the hand

would be used with the fingers pointeddown. Breakage suggestedthat a

thicker hand was needed. A hand with a thickness of two to three millimeters,

with a more polished interiorsurfaceto reduce optical scatter,is the next

objective.

25. PHANTOM- MATERIALS

The selectionof materialsfor the phantom is crucial. This slide shows

the primary requirementsof the materials, the range of materialswhich were

tested, and the materialswhich are in current use. DALM attacks some

plastics. For example,the cyanoacrylates(super glue) are destroyed by DALM

in a short time, even though the DALM is at a very low concentrationin water.

The materials need to be opticallytransparent,with good optical quality to

minimize scatter,transmissionlosses,distortion,etc. The same appliesfor

RF energy since a uniform incidentfield is required. Keep in mind that it is

the DALM solutionwhich is the phantom. The plastic is only the container,

and should be as transparentas possible.

26. PHANTOMS - CURRENT/NEARFUTURE

The phantomdevelopmentprogramhas resulted in delivery of a thick-

(cylindrical)wall hand phantom and a thin-wallhand phantom. Future phantoms

are expected to be two to three millimetersthick, in general. Human limbs

are planned in the near future,with the next human part perhaps being another

hand, then perhaps a head. One or more rat phantomsare planned with at least

one having an imbedded,actual skeleton.

27. UPGRADES

As the number of deliveredsystems increases,the task of upgrading

becomesmore costly and more important. Upgrades focus on function and

compatibility.

Camera sensitivity,in particular,for the M-QLIS is a pressing issue

since research based on microscopicabsorptionmeasurementsis of interest.
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Cameras, digitizers,and software compatiblewith a greaterdynamic range is

of interest to allow intraframemeasurementof both high absorptionand

threshold absorption.

With severalQLIS systems, thermalmonitors and controls,RF energy

monitors and controls,and peripherals,integrationof subsystemsinto a

system controlledfrom a single computer,perhapsusing LABVIEWm-like

interfaces,is advantageous,for both operator convenienceand data

integration. To furtherfacilitate interconnectionof a range of output

peripheralsand mass storagedevices, local networkingas a work group is

being implemented.

For practicalfield dosimetry, systems, includingphantoms,must be

portable. One currenttask focuses on providinga field-portablesystem based

on a notebook computer and includinga phantom, ambient light excluding

enclosure, and shippingcontainers.

Computing power and speed are always issues. Within reason, as there is

a functionalneed for a change, high-end PCs and componentsreplace older,

slower equipment.

28. SUMMARY

This slide summarizesthe systems and phantomsdeliveredto date, the

categories of hardwarewhich have been upgraded,and the focus of the current

development.
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