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System and methods for camera-based image processing in microscopy imaging

Invention Summary
Inventor:

The invention relates to systems and methods for executing super-resolution microscopy Paul Goodwin

of a specimen with most of the image processing performed in a camera of a

fluorescence microscopy instrument. Patent family:

Granted: US9651493,
Background JP6066925
In recent years, a number of techniques have been developed to increase the resolution ?«!s;\;igf E: 15/584575-
of light microscopy beyond the diffraction limit. Some of these techniques involve Cytiva Reference: 258976

stochastically activating the fluorescence of a subset of molecules that are presentin a

field-of view, capturing an image of those molecules that are activated with a digital Licensing Contact:

camera, transferring the image to a computer, and then reversibly or irreversibly Louise Sarup

deactivating the fluorescence of the molecules. This process is repeated for a large louise.sarup@.com
number of cycles until the pool of nearly all of the molecules present have been

adequately sampled, which may take 40,000 cycles or more. Each image of this large number of images is then analyzed
by fitting either single Gaussian distributions or overlapping Gaussians to fluorophore-image centroids or spots. The
locations and probabilities of fit for each molecule are then determined by successively storing each image in the
computer's memory, performing a cross-correlation of the fits of the Gaussians, and then storing the location and

confidence of fit for each molecule.

While acquisition of the images can be accomplished relative quickly, handling and processing such a large number of
images is relatively slow because these techniques necessitate acquiring and processing a large amount of image data in
order to obtain a relatively small number of pixel locations. For example, 40,000 cycles are used to capture 40,000
separate images which results in processing 20 gigabytes of data in order to generate a single 256 kilobyte final image.

For these reasons, engineers, scientists, and microscope manufacturers continue to seek less computationally
demanding systems and methods for handling and processing the images.

Technology

Systems and methods for executing tasks for super-resolution microscopy of specimen, such as image processing, within
the camera of a fluorescence microscopy instrument greatly reduces the amount of data that is typically transferred to
the instrument computer, which reduces the amount of data storage used by the computer and eliminates the need for
a high-speed interface between the camera and the computer. In addition, by performing most of the image processing
within the camera and avoiding a large number of data transfers from the camera to the computer, the overall
performance of the fluorescence microscope instrument is improved.

The invention describes various systems and methods for executing super-resolution microscopy of a specimen with
most of the image processing performed in a camera of a fluorescence microscopy instrument. In one aspect, the
camera includes one or more processors to execute machine-readable instructions that control excitation light output
from a multi-channel light source, control capture of intermediate images of the specimen, and perform image
processing of the intermediate images to produce a final super-resolution image of the specimen.
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A control-flow diagram of an example of a super-resolution method to be executed by a camera and a
computer of a fluorescence microscopy instrument.
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