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(57) Abstract: The invention provides systems and methods for imaging a sample. In various embodiments, the invention provides a
system comprising an image sensor, a laser for emitting excitation light for an infrared or near-infrared fluorophore, a visible light
source, a notch beam splitter, a notch filter, a synchronization module, an image processing unit, an image displaying unit, and light-
conducting channels. In various embodiments, the present invention provides a system comprising an image sensor, a laser for emit-
ting excitation light for an infrared or near-infrared fluorophore, a laser clean-up filter, a notch filter, a white light source, an image
processing unit, an image displaying unit, and light-conducting channels. In accordance with the present invention, the image sensor
can detect both visible light and infrared light.
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.
Group 1, claims 1-30, 67-69, drawn to an imaging system for imaging a sample.

Group I, claims 31, 60-65, 70-72, 76-78, drawn to an imaging system for imaging a sample comprising an image processing unit to
process sensor signals to generate im’age frames, an image displaying unit to display images based on the image frames generated
from the image processing unit.

Group lll, ¢claims 32-59, 61-65, 73-75, drawn to an imaging system for imaging a sample comprising a synchronization module to
synchronize the image sensor with the laser and visible light, whereby a single sensor signal is synchronized to a single on or off status
of the laser. . :

Group IV, claims 85-111, drawn to computer implemented method for capturing and processing images and for smooth image display
comprising instructions for utilizing parallel process software coding; transferring a raw image; and de-mosaicing the raw image to the
one or more processors. : .

The inventions listed as Groups |, Il, Il or IV do not relate to a single general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: the special technical feature of
the Group | invention: a laser, laser clean-up filter, a notch filter and while light source as claimed therein is not present in the invention
of Groups I, 11l or IV. The special technical feature of the Group |l invention: an image processing unit to process sensor signals to
generate image frames, wherein the image processing unit is connected to the image sensor, wherein at least one white light frame
(WLF) is generated when the sample receives only visible light, wherein at least one stray light frame (SLF) is generated when the
sample receives neither visible light nor the excitation light, wherein one or more near infrared frames (NIFs) are generated when the
sample receives only excitation light, wherein the image processing unit subtracts the SLF from each NIF and then adds together all
SLF-subtracted NIFs to generate a final NIF, wherein the image processing unit false colors the final NIF, and wherein the image
processing unit adds the false colored final NIF to the WLF to generate a composite image frame of visible light and infrared light, an
Image displaying unit to display images based on the image frames generated from the image processing unit, wherein the image
displaying unit is connected to the image processing unit as claimed therein is not present in the invention of Groups |, lll or IV. The
special technical feature of the Group |1l invention: a synchronization module to synchronize the image sensor with the laser and visible
light, whereby a single sensor signal is synchronized to a single on or off status of the laser as claimed therein is not present in the
invention of Groups |, Il or IV. The special technical feature of the Group |V invention: utilizing parallel process software coding;
transferring a raw image; and de-mosaicing the raw image to the one or more processors as claimed therein is not present in the
invention of Groups |, 1l or Il1. ’

Groups |, Ii, Il and IV lack unity of invention because even though the inventions of these groups require the technical feature of an
imaging system for imaging a sample comprising an infrared or near-infrared
fluorophore, comprising: an image sensor to detect visible light and infrared light and generate sensor signals; a laser to emit an _
excitatipn light for the infrared or near-infrared fluorophore; a laser clean-up filter in the light path from the laser to the sample, whereby
the laser clean-up filter narrows the wavelength band of the excitation light to the peak absorption band of the infrared or near-infrared
fluorophore, and whereby the narrowed excitation light excites the infrared or near-infrared . -
fiuorophore in the sample to emit an emission light; a notch filter in the light path from the sample to the image sensor, whereby the )
notch filter blocks the excitation light; and a white light source to emit a light comprising visible light, this technical feature is not a special
technical feature as it does not make a contribution over the prior art. . )
Specifically, US 5,689,333 (BATCHELDER et al.) teaches an imaging system for imaging a sample (focusing a two dimensional image
of an illumination area on the sample 14 onto the CCD, col. 5, lines 3-5; thus fig.1 shows an imaging system for imaging a sample 14),
comprising: an image sensor to detect Raman light and generate sensor signals (the transmitted Raman spectrum is taken via various
optical components and focused by a lens 34 onto a two-dimensional photo-detector array in the form of CCD 12. A computer 120
acquires data from the CCD 12 for subsequent data processing, col. 3, lines 8-14); a laser to emit an excitation light for the sample (the
laser light is reflected through 90 degrees by the filter arrangement 18 and passed via a further mirror 46 and focused to a small spot on
a sample 14, col. 2, lines 50-53); a laser clean-up filter in the light path from the laser to the sample, whereby the laser clean-up filter
adjusts the wavelength band of the excitation light, and whereby the excitation light excites the sample to emit an emission light (a laser
input beam 10 passes through a lens system 40, which may include a spatial filter (e.g., pinhole 41) to improve beam quality. The spatial
filter removes unwanted imperfections in the original laser beam caused by reflections, which would cause interference effects when the
beam is subsequently focused to a spot on a sample, col. 2, lines 39-45. The light scattered by the sample from the illuminated spot on
the surface, col. 3, lines 4-5; thus fig.1 shows a laser clean-up filter (spatial filter 41 is considered a “laser clean up filter") in the light path
from the laser (laser input 10) to the sample 14, whereby the laser clean-up filter 41 adjusts the wavelength band of the excitation light,
and whereby the excitation light excites the sample 14 to emit an emission light); a notch filter in the light path from the sample to the
image sensor, whereby the notch filter blocks the excitation light (the filter 18 transmits the Raman spectrum but rejects Rayleigh
Scattered light having the same frequency as the input laser beam, col. 3, lines 6-8. These filters are also holographic notch filters, col.
3, lines 40-49; thus fig.1 shows a notch filter 18 in the light path from the sample 14 to the image sensor 12, whereby the notch filter

. blocks the excitation light (input laser beam)); and a white light source to emit a light comprising visible light (a source 50 of white light
above the mirror 46 for illuminating the sample, col. 2, lines 58-59). Batchelder et al. does not teach the sample comprising an infrared or
near-infrared fluorophore, the image sensor to detect visible light and infrared light, and the laser clean-up filter narrows the wavelength
band of the excitation light to the peak absorption band of the infrared or near-infrared fluorophore.
US 2013/0041226 A1 (MCDOWALL) teaches that the sample comprising an infrared or near-infrared fluorophore (exciting fluorescence
in tissue (sample) 203. Narrow band light from the fluorescence excitation source is used to excite tissue specific near infrared emitting
fluorophores, para. 0082), the image sensor to detect visible light and infrared light (a visible image of the scene and one or more
fluorescence images in the scene are acquired by image capture units 225L, 225R, para. 0076. Narrow band light from the fluorescence
excitation source is used to excite tissue specific near infrared emitting fluorophores so that fluorescence images of specific features
within tissue 203 are acquired by image capture units 2251, 225R, para. 0082), and it is well known in the art that the excitation light
from the narrow band light is used to excite tissue-specific near infrared emitting fluorophores (para. 0082). Therefore, it would have
been obvious to one of ordinary skill in the art at the time of the invention to modify the imaging system of Batchelder by including the
sample comprising an infrared or near-infrared fluorophore, the'image sensor to detect visible light and infrared light, and the laser
clean-up filter narrowing the wavelength band of the excitation light to the peak absorption band of the infrared or near-infrared
fluorophore so as to provide flucrescence images of specific features within tissue to be acquired by image capture units (McDowall,
para. 0082), since adjusting the laser clean up filter as such, where needed for operation, involves only routine skill in the art.

Since none of the special technical features of the Group |, II, IIl or IV inventions are found in more than one of the inventions, unity of
invention is lacking.

Form PCT/ISA/210 (extra sheet) (July 2009)



	Page 1 - front-page
	Page 2 - wo-search-report
	Page 3 - wo-search-report
	Page 4 - wo-search-report

