US005859700A

United States Patent [ (1] Patent Number: 5,859,700
Yang 451 Date of Patent: Jan. 12, 1999
[54] HIGH RESOLUTION IMAGING Holligan, P.M. et al., “Satellite And Ship Studies Of Coc-
MICROSCOPE (HIRIM) AND USES colithophore Production Along A Continental Shelf Edge,”
THEREOF Nature International Weekly Journal of Science
) 304:339-342 (1983).
[75] TInventor: Mary M. Yang, San Jose, Calif. Millie, D.F. et al., “High-Resolution Airborne Remote Sens-
[73] Assignce: Kairos Scientific, Inc., Santa Clara, ing Of Bloom—Forming Phytoplankton,” Journal of Phycol-

Calif.

21] Appl. No.: 562,272

22] Filed: Nov. 22, 1995
Int. CL.° e GOLJ 3/00
52] US.Cl i 356/300; 356/326

58] Field of Search ........cccccoovvvvinccnnncee 356/319, 326,

356/328, 300

References Cited
PUBLICATIONS

Ackleson, S.G. et al., “Ocean Optics: The Seasonal Time
Scale II,” EOS 71:108 (1990).

Aiken, J. et al., “The SeaWiFS CZCS-Type Pigment Algo-
rithm,” NASA Technical Memorandum 104566, 29:1-37
(1995).

Boyer, M. et al., “Senescence And Spectral Reflectance In
Leaves Of Northern Pin Oak (Quercus Palustris Muenchh),
”Remote Sensing Of Environment 25(1):71-87 (1988).
Curran, Paul J. et al., “Reflectance Spectroscopy Of Fresh
Whole Leaves For The Estimation Of Chemical Concentra-
tion,” Remote Sensing Of Environment 39(2):153-166.
Curran, Paul J. et al., “Remote Sensing of Foliar Chemistry,”
Remote Sensing Of Environment 30(3):271-278 (1989).
Curran, Paul J. et al., “The Effect Of ARed Leaf Pigment On
The Relationship Between Red Edge And Chlorophyll Con-
centration,” Remote Sensing Of Environment 35(1):69-76
(1992).

Danson, FM. et al,, “Red—Edge Response To Forest Leaf
Area Index,” International Journal Of Remote Sensing
16(1):193-188 (1995).

CCD

i}

Micro-
scope

v

Fiber optic

M S~—— PC

ogy 28:281-290 (1992).

Weaver, E.C. et al., “Factors Affecting The Identification Of
Phytoplankton Groups By Means Of Remote Sensing,”
NASA Technical Memorandum 108799, pp. 1-121 (1994).

Yang, M.M., “Applications Of Imaging Spectroscopy In
Molecular Biology: I. Screening Phynthetic Bacteria,” Bio-
technology 6:939-942 (1988).

Yang, M.M., “Digital Imaging Spectroscopy In Microbial
Colonies,” American Biotechnology Laboratory May
18-20, 1994.

Yang, M.M., “Raman Spectroscopic Investigations of
Hydrothermal Solutions”, Doctoral Thesis (abstract), Prin-
ceton University (1987).

Youvan, D.C., “Imaging Sequence Space,” Nature Interna-
tional Weekly Journal of Science, 369:79-80 (1994).

Primary Examiner—¥. L. Evans
Attorney, Agent, or Firm—Fish & Richardson P.C.

[57] ABSTRACT

The invention pertains to a high resolution imaging
microscope, and more specifically, to a digital imaging
spectrophotometer (DIS) configured to enable the direct
determination of the ground state absorption spectra of
microscopic samples from violet to near infrared. The instru-
ment is capable of simultaneously recording hundreds of
spectra, and can, using image processing techniques identify
features (such as a single microbial cell) on a microscope
slide or thin section. The invention additionally relates to the
use of such an instrument.
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Image Acquisition

l

Contrast Enhancement:
The range of pixel values from the
16 bit image is scaled to 0-255 for display.

l

Binarization:
The image displayed is mapped to
0 or 255 (black or white) by the user.

l

Convolution:
A “majority vote” filter is applied to the
image to remove low frequency noise.

l

Edge Detection:

Sum the grayvalues for each 3x3 pixel area and replace the
center pixel by the sum according to the following criteria.
if(sum < 8 x 255 AND sum > 4x2§5)

sum = 255;
else sum = 0;
This generates white outlines of selected
features on a black background.

l

Feature Extraction:
Scan the image until a white pixel in encountered. Based on its
neighbor pixel values, extract the (x.y) positions of the feature
outline (i.e. chain code information).

Figure 1
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mercury,

Relative spectral irradiance curves for quartz-tungsten-halogent (QTH),

monotonic drop-off in intensity in the blue, whereas multiple
narrow band emissions are found in mercury and xenon lamps.

and xenon lamps. QTH has a logarithmic,
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Typical single cell spectra of:

A) Rhodomonas salina E) Prorocentrum lima
B) Porphyridium cruentum F) Amphora sp.

C) Chroosmonas mesostigmatica G) Dunaliella tertiolecta
D) Tribonema aequale H) Tetraselmis sp.
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