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One way to improve upon the detection limits for digital images involves

increasing the number of counts per pixel. Eight bits, or 1 byte (256 counts),

per pixel is most commonly used for monochrome optical, electron and x-ray

imaging. This number is well matched to the human eye which can discern

approximately 128 gray values, while photographic and some laser printer out-

puts have the capability of displaying nearly 256 gray values. When the

counts exceed 8 bits/pixel the recorded image file size will likely double to 16

bits/pixel. With the better imaging detection limits we are faced with the tech-

nical problem of how to view more than 256 gray levels. One solution to both

problems is to store and display the square root of the image intensity. While

the compressed data cannot be reconstructed exactly to match the original

numbers, it will be shown that no statistically significant data will be lost. This

compression scheme reduces storage requirements by eliminating the statisti-

cal variations in the data. The square root display of the data into 256 levels

also enhances low concentration visibility since the brightness change per

gray level is greatest at low concentrations.

The time required to record an image with 334 X 180 picture elements

(60,120) with a maximum of 255 counts/pixel at20K cps is 12.8 minutes. For

x-ray images this high count rate can only be achieved using wavelength dis-

persive spectrometers (WDS). With the limited counting rate and poorer P/B

ratio of EDS detectors x-ray images with comparable statistics would take

more than 10 times longer. The examples in this article illustrate CaKa x-ray

images of a silicate mineral section whose maximum calcium concentration is

10 wt%. The count rate from one of the PET crystals on our EPMA at 20 keV

with a Faraday current of 100nA is 20K cps with a P/B of 202. For an 8 bit

x-ray image the background intensity is 1, which is not statistically significant.

With more counts the background becomes significant. The minimum detec-

tion limit (MDL;) for the 8 bit case under the conditions above is 0.13%, while

FIGURE: Top Center: Backscattered electron image of silicate mineral.
Row 2: Leri-CaKa x-ray image wiih a maximum of 8 counts/pixel Center-Square root
image Right-Reconstruction.
Row 3: Left-CaKa x-ray image with a maximum of 255 counts/pixel. Center-Square rool
image Rig hi-Reconstruct ion.
Row 4: Leil-CaKa x-ray image with a maximum of 12.7K counts/pixel. Center-Square
root Image Right-Reconstruction.
Bottom: Gray level representation. Left (and (ight)-linear. Center-square root

the concentration for each of 256 gray levels would be 10%/256, or 0.04%. As

such, the gray levels 0-2 are not meaningful. Increasing the number of counts to

12.7K (considering the background) would result in a ivlDL of 0.021%. Using a

linear quantizer3 to compress the 12.7K fo 256 levels would result in a loss of infor-

mation since the MDL is about half of the concentration change per gray level.

It is not easy to see these lowest brightness levels in a linear display, espe-

cially if using photographic film where the resultant density from low exposure (toe

region) has lower contrast than in the linear portion. Laser printers have a more

linear response to exposure and show lower brightness levels with more contrast.

The square root intensity display (a non-linear quantizer) can further enhance the

contrast at low count at the expense of contrast in the higher levels since the

change in lower counts rate has a larger brightness increase. For instance, the

concentrations for the first several gray levels are: 0.000, 0.008, 0.032, and

0.071%. It is not until the 3rd gray level that the image with 12.7K counts reaches

the MDL. We should therefore re-normalize the image to maximize the useful dis-

play brightness range.

The maximum data reconstruction error using the square root technique de-

pends upon the # counts/pixel. At 225 counts there is no error since 225tLS is

exactly 15. The integer of the root for 255 counts is 15. The error is 255-15!, or 30

counts (12%). The 2 sigrrta error (assuming Poissonian statistics) is 2 * 225°s, or

30 counts. At higher count rates the error is reduced considerably. At 65,536

counts the reconstruction error is only 0.4%.

We may not wish to use 65,535 counts/pixel due to time considerations (in

this paperwe used 12,700). Collection time for this image was 11 hours. The data

presented was acquired on a JEOL JXA-733 using "dPict", our Windows based

digital imaging program that can store 9 images simultaneously. The images were

printed on a Hewlett Packard LaserJet IV printer with an XLI "Laserpix" imaging

board which has an effective resolution of 2400 dots/inch. The images are printed

using a dot density of 106/inch. The illustrations were prepared for printing without

using the normal "screen" that is placed over continuous tone photographs.

The image series with a maximum of 8 counts/pixel has been scaled by a factor of

30 such that 8 counts is bright. Notice that the reconstructed image appears identi-

cal to the original data. Note that the root image shows a noisy band of Ca in the

upper center. This band can be seen better as the number of counts/pixel in-

creases to 256, however, there is still some "noise" above the band. At 12,700

counts the noise is not evident and the band appears clearly. In the square root

display the image clearly shows higher contrast in the low concentration areas, and

lower contrast in the high concentration areas.

In summary, we have shown that it is possible to reduce the file space needed

by a factor of 2 for images without sacrificing statistically significant data. By using

a non-linear display function, such as the square root, we can enhance the contrast

in low concentration levels at the expense of contrast at other concentrations. •
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USED GOUIPKICflT TOR HUE

• MILITARY RESEARCH LAB IS CLOSING - Military contractor is
sell at drastically reduced prices its Sorvall MT-2B ultramicrotome, sev-
eral Bausch and Lomb stereo microscopes and a Joyce Loebl (Mdl. 3C)
and Perkin Elmer (Mdl. 101OG) m i erode n si torn eter for measuring minute
differences in density changes. For spec, sheets call (202)544-0836.

•/ JEOL JSM-T300 Scanning Microscope, backscatter detector unit,
plus PGT System 4000 with light element detector, in good working condi-
tion. Must sell [ Bestoffer! (216)3834044.

• Sorvall/Dupont MT6000 and MT2B Ultra microtomes, GKM
Glass Knife Maker, JB4 Microtome. Complete with accessories and
warranty, reconditioned by factory trained rep. For prices, call Bill
McGee, MTS: (315)451-1404.

• JEOL 100C with Kevex 7000 Spectrometer. Also Philips/EDAX
9100/60 X-ray microscope spectrometer. Must Sell! Best Offer!
(601)264-9760

USED EQUIPfflCnT UlfMTED

y Reichert Zetopan Microscope Epilum Objectives - 190 or 210
mmTL. Call Neil Gardner at (407)649-1896 or write to: PO Box 568483,
Orlando, FL 32856-8483.

^Workable, used transmission EM or High Voltage Unit for Hitachi
HU-11F. Dr. W.F. Agnew, Huntington Medical Branch, (818)397-5430.

EflMMOYmEftT OPPORTUniTIES

• TECHNICAL CUSTOMER SERVICE & SALES - immediate open-
ing for qualified individual in the instrument sales division of our com-
pany. Experience with light microscopes required. Fax qualifications
and resume to McCrone Accessories & Components: (708)887-7764)

MVA, Inc.

is pleased to announce

that they are being joined by

Ms. Mary A. Miller

in their newest laboratory

• ; • • : • • : • • : • •> •> •> • : • •> •> • : •

MVA Inc.
136 Shore Drive, #200

Burr Ridge, Illinois 60521

Phone: 708-325-6229
Facsimile: 708-325-1850

MVA, Inc.
—\ | -f— Excellence in —

Microanalysis

Employment Opportunities With
Philips Electronic

Instruments Company

Philips SEM Account Manager
Philips electronic Instruments is looking for an SEM Account Manager

for its scanning electron microscope products. This new position will be
based at the Philips Electronic Instruments headquarters in Mahwah, New
Jersey.

The SEM Account Manager will be responsible for coordinating mar-
keting and sales activities for Philips scanning electron microscope prod-
ucts in the United States, Canada and Mexico.

Preferred experience includes a BS/MS degree in science or engi-
neering, and operating experience with electron microscopes. Mist have
marketing and/or sales experience with the ability to develop strategic and
tactical marketing plans, along with the ability to inspire and work with a
dedicated sales organization to carry them out. Excellent verbal and inter-
personal skills required.

Philips TEM Senior Applications Specialist
Philips Electronic Instruments is looking for a TEM Applications Spe-

cialist to support the sale of its transmission electron microscope products.
This position will be based at the Philips Efectronic Instruments headquar-
ters in Mahwah, New Jersey.

The Applications Specialist is responsible (or running the TEM Appli-
cations Laboratory, supporting the field sales and service organizations,
providing customer demonstrations, costumer training, and developing ap-
plications reports and notes to support our activities in the United States,
Canada and Mexico.

Preferred experience includes a Ph.D. degree in science or engineer-
ing, with operating and teaching experience on electron microscopes. Ex-
cellent verbal and interpersonal skills required.

Philips Regional Sales Manager
Philips Electronic Instruments is looking for a Regional Sales Man-

ager for its Electron Optics products. This new position has been opened
due to recent growth in sales in the western United States. The position will
be based in California.

The Regional Sales Manager will be responsible for sales activities in
the territory including; consultation with prospective customers, sales pre-
sentations, participating in local EM shows, preparation of quotations, etc.

Preferred experience includes a MS degree in Materials Science, or
related science background, and operating experience with electron micro-
scopes. Excellent verbal and interpersonal skills required. Sales experi-
ence helpful.

For additional information please contact:

Nathan Little, National Sales Manager
Philips Electronic Instruments Company

85 McKee Drive
Mahwah, NJ 07430

Tel.: (201)529-6165
Fax: (201)529-2252
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