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© OPTICAL DISTORTION CORRECTION FOR IMAGED SAMPLES

0 Techniques are described for dynamically correcting image distortion during imaging of a patterned sample having 
repeating spots. Different sets of image distortion correction coefficients may be calculated for different regions of 
a sample during a first imaging cycle of a multicycle imaging run and subsequently applied in real time to image 
data generated during subsequent cycles. In one implementation, image distortion correction coefficients may be 
calculated for an image of a patterned sample having repeated spots by: estimating an affine transform of the 
image; sharpening the image; and iteratively searching for an optimal set of distortion correction coefficients for the 
sharpened image, where iteratively searching for the optimal set of distortion correction coefficients for the 
sharpened image includes calculating a mean chastity for spot locations in the image, and where the estimated 
affine transform is applied during each iteration of the search.
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Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de 
techniek en schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende 
stukken.
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OPTICAL DISTORTION CORRECTION FOR IMAGED SAMPLES 

BACKGROUND

[0001] One problem with imaging with an optical lens is that the geometry of a lens 

induces different types of distortion in the image. Such distortions may include, for example, 

magnification distortion, skew distortion, translation distortion, and nonlinear distortions such 

as barrel distortion and pincushion distortion. These distortions are generally more 

pronounced in image points that are further off center from the center of the image.

[0002] In line scanners that scan a plane of a sample in one direction, distortion may be 

most pronounced in one dimension along the edges of the scanned image perpendicular to the 

direction of scanning. For example, an aberration caused by an objective lens or other optical 

component of the optical system may introduce a "stretching distortion," whereby the 

magnification varies along one axis (e.g. the x axis in the case of a line that is scanned along that 

axis). This distortion is particularly detrimental for multi-cycle imaging of substrates having a 

large number (e.g. thousands, millions, billions, etc.) of patterned spots, as it may shift the 

actual position of spots on the scanned image away from the expected position of the spots. 

This may cause a drop in data throughput and an increase in error rate during a multi-cycle 

imaging run. This problem is illustrated by FIGs. 1A-1B. FIG. 1A shows a center of a scanned 

image of a patterned target having a plurality of sample regions with a fluorescing dye. At the 

center of the image, there is no detectable distortion of spots 50. FIG. IB shows a right side of 

the scanned image of FIG. 1A. In the right side, optical distortion of spots 50 becomes 

noticeable.
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SUMMARY

[0003] Embodiments disclosed herein are directed to techniques for correcting optical 

distortion in imaged samples.

[0004] In a first embodiment, a method includes: performing a first imaging cycle of a 

patterned sample comprising a plurality of spots; dividing a first set of imaging data generated 

during the first imaging cycle into a first plurality of imaging data subsets, each of the first 

plurality of imaging data subsets corresponding to a respective region of the patterned sample, 

each of the respective regions of the patterned sample comprising a plurality of spots; 

calculating a set of image distortion correction coefficients for each of the first plurality of 

imaging data subsets; performing a second imaging cycle of the patterned sample to generate a 

second set of imaging data; and dividing the second set of imaging data generated during the 

second imaging cycle into a second plurality of imaging data subsets, each of the second 

plurality of imaging data subsets corresponding to the same respective region of the patterned 

sample as one of the first plurality of imaging data subsets; and for each of the second plurality 

of imaging data subsets, applying the distortion correction coefficients calculated for the one of 

the first plurality of imaging data subsets corresponding to the same respective region of the 

patterned sample.

[0005] In one implementation of the first embodiment, each of the spots of the 

patterned sample includes fluorescently tagged nucleic acids, the first imaging cycle is a first 

sequencing cycle, and the second imaging cycle is a second sequencing cycle.
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[0006] In one implementation of the first embodiment, the first set of imaging data and 

the second the set of imaging data each respectively includes imaging data of a first color 

channel and imaging data of a second color channel, and calculating a set of image distortion 

correction coefficients for each of the first plurality of imaging data subsets includes 

5 determining a set of distortion correction coefficients for each color channel of each imaging 

data subset.

[0007] In one implementation of the first embodiment, calculating a set of image 

distortion correction coefficients for each of the first plurality of imaging data subsets, includes: 

estimating an affine transform of the imaging data subset; sharpening the imaging data subset;

10 and iteratively searching for an optimal set of distortion correction coefficients for the imaging 

data subset.

[0008] In one implementation of the first embodiment, the first set of imaging data and 

the second set of imaging data are divided using at least the position of fiducials on the sample, 

and the affine transform for each of the first plurality of imaging data subsets is estimated using 

15 the fiducials.

[0009] In a second embodiment, a method for correcting for optical distortion in an 

image of a patterned sample comprising a plurality of spots includes: estimating an affine 

transform of the image; sharpening the image; and iteratively searching for an optimal set of 

distortion correction coefficients for the sharpened image, where iteratively searching for the 

20 optimal set of distortion correction coefficients for the sharpened image includes calculating a 

mean chastity for a plurality of spot locations in the image, and where the estimated affine 

transform is applied during each iteration of the search.
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[0010] In one implementation of the second embodiment, iteratively searching for an 

optimal set of distortion correction coefficients for the sharpened image includes: generating a 

set of optical distortion correction coefficients for the image; applying the estimated affine 

transform to the plurality of spot locations in the image; and after applying the estimated affine

5 transform, applying the set of optical distortion correction coefficients to each of the plurality 

of spot locations. In a further implementation, the method includes: after applying the set of 

optical distortion correction coefficients to each of the plurality of spot locations, extracting a 

signal intensity for each of the plurality of spot locations. In yet a further implementation, the 

method includes: normalizing the extracted signal intensities; and calculating a mean chastity

10 for the plurality of spot locations using at least the normalized signal intensities.

[0011] In a particular implementation of the second embodiment, calculating a mean 

chastity for the plurality of spot locations using at least the normalized signal intensities 

includes: for each of the plurality of spot locations determining a chastity using at least a 

distance from a point corresponding to the spot location's normalized signal intensity to a 

15 Gaussian centroid.

[0012] In a particular implementation of the second embodiment, iteratively searching 

for an optimal set of distortion correction coefficients for the sharpened image includes 

subsampling a plurality of spots in the image, where if a spot in a row of the sharpened image is 

subsampled, then all spots in the row of the sharpened image are subsampled.

20 [0013] Other features and aspects of the disclosed technology will become apparent

from the following detailed description, taken in conjunction with the accompanying drawings, 

which illustrate, by way of example, the features in accordance with embodiments of the 
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disclosed technology. The summary is not intended to limit the scope of any inventions 

described herein, which are defined by the claims and equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present disclosure, in accordance with one or more various embodiments, is 

described in detail with reference to the following figures. The figures are provided for 

purposes of illustration only and merely depict typical or example embodiments.

[0015] FIG. 1A shows, in one example, a center of a scanned image of a patterned target 

having a plurality of sample regions with a fluorescing dye.

[0016] FIG. IB shows a right side of the scanned image of FIG. 1A.

[0017] FIG. 2A illustrates, in one example, a generalized block diagram of an example 

image scanning system with which systems and methods disclosed herein may be 

implemented.

[0018] FIG. 2B is block diagram illustrating an example two-channel, line-scanning 

modular optical imaging system that may be implemented in particular embodiments.

[0019] FIG. 3 illustrates an example configuration of a patterned sample that may be 

imaged in accordance with embodiments disclosed herein.

[0020] FIG. 4 is an operational flow diagram illustrating an example method that may be 

implemented for dynamically correcting image distortion during an imaging run in accordance 

with the disclosure.

[0021] FIG. 5 visually illustrates, in one example, how the imaging data may be divided 

into a plurality of imaging data subsets for an N-channel imaging system that images a sample 

having an array of spots.
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[0022] FIG. 6 is an operational flow diagram illustrating an example method of 

calculating distortion correction coefficients for imaging data generated by an imaging system.

[0023] FIG. 7 illustrates an example tile including six fiducials.

[0024] FIG. 8 illustrates example clouds derived from two-channel base calling during 

one sequencing cycle.

[0025] FIG. 9A illustrates, in one example, a collection of distortion curves for a set of 

tiles for optics that happen to be on a two-channel sequencing instrument that uses flow cells.

[0026] FIG. 9B illustrates, in one example, a collection of distortion curves for a set of 

tiles for optics that happen to be on another two-channel sequencing instrument that uses flow 

cells.

[0027] FIG. 9C illustrates, in one example, four distortion curves corresponding to two 

different color channels for a set of tiles for optics that happen to be on a four-channel 

sequencing instrument that uses flow cells.

[0028] FIG. 10A is a box and whiskers plot of example experimental results illustrating 

what percent of spots of a flow cell sequenced using a line scanner passed a chastity filter (%PF) 

without distortion correction, binned across the field of view of a tile with respect to X.

[0029] FIG. 10B is a box and whiskers plot of example experimental results showing 

what percent of spots of a sequenced flow cell passed a chastity filter after distortion 

correction.

[0030] FIG. 11 is an operational flow diagram illustrating an example method for 

determining optical distortion correction parameters that may be used to optimize a design of 

an imaging lens (e.g., an objective lens).
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[0031] FIG. 12 is a residual distortion plot showing example residual optical distortion in 

pixels across the field of view of a lens after applying a fifth order polynomial to correct for 

distortion.

[0032] FIG. 13 illustrates an example computing module that may be used to implement 

5 various features of embodiments described in the present disclosure.

[0033] The figures are not exhaustive and do not limit the present disclosure to the 

precise form disclosed.
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DETAILED DESCRIPTION

[0034] As used herein to refer to a sample, the term "spot" or "feature" is intended to 

mean a point or area in a pattern that can be distinguished from other points or areas 

according to relative location. An individual spot can include one or more molecules of a 

particular type. For example, a spot can include a single target nucleic acid molecule having a 

particular sequence or a spot can include several nucleic acid molecules having the same 

sequence (and/or complementary sequence, thereof).

[0035] As used herein, the term "fiducial" is intended to mean a distinguishable point of 

reference in or on an object. The point of reference can be present in an image of the object or 

in another data set derived from detecting the object. The point of reference can be specified 

by an x and/or y coordinate in a plane of the object. Alternatively or additionally, the point of 

reference can be specified by a z coordinate that is orthogonal to the xy plane, for example, 

being defined by the relative locations of the object and a detector. One or more coordinates 

for a point of reference can be specified relative to one or more other features of an object or 

of an image or other data set derived from the object.

[0036] As used herein, the term "tile" generally refers to one or more images of the 

same region of a sample, where each of the one or more images represents a respective color 

channel. A tile may form an imaging data subset of an imaging data set of one imaging cycle.

[0037] As used herein, the term "chastity" generally refers to a scoring metric that 

provides a measure of the overall "quality" of a spot location on a tile. Chastity may be 

determined both before and after applying distortion correction coefficients to a spot location. 
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Mean chastity refers to an average of the chastity over all spot locations or a subset of spot 

locations on a tile.

[0038] As used herein, the term "xy plane" is intended to mean a 2 dimensional area 

defined by straight line axes x and y in a Cartesian coordinate system. When used in reference 

to a detector and an object observed by the detector, the area can be further specified as being 

orthogonal to the direction of observation between the detector and object being detected. 

When used herein to refer to a line scanner, the term "y direction" refers to the direction of 

scanning.

[0039] As used herein, the term "z coordinate" is intended to mean information that 

specifies the location of a point, line or area along an axes that is orthogonal to an xy plane. In 

particular embodiments, the z axis is orthogonal to an area of an object that is observed by a 

detector. For example, the direction of focus for an optical system may be specified along the z 

axis.

[0040] As used herein, the term "scan a line" is intended to mean detecting a 2- 

dimensional cross-section in an xy plane of an object, the cross-section being rectangular or 

oblong, and causing relative movement between the cross-section and the object. For 

example, in the case of fluorescence imaging an area of an object having rectangular or oblong 

shape can be specifically excited (at the exclusion of other areas) and/or emission from the area 

can be specifically acquired (at the exclusion of other areas) at a given time point in the scan.

[0041] Embodiments disclosed herein are directed to dynamically correcting image 

distortion during imaging of a patterned sample having a plurality of repeating spots. Image 

distortion correction coefficients may be calculated during a first imaging cycle of a multicycle 
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imaging run (e.g., a sequencing run) and subsequently applied in real time to image data 

generated during subsequent cycles.

[0042] In a first embodiment, imaging data generated during a calibrating (e.g., first) 

imaging cycle of a sample may be divided into a plurality of imaging data subsets (e.g., tiles) 

corresponding to a respective region of the patterned sample. Each tile may contain a plurality 

of spots corresponding to a respective plurality of sampled spots in the region of the patterned 

sample. A set of distortion correction coefficients may be calculated for each tile. In cases a 

tile includes imaging data for multiple color channels, a set of distortion correction coefficients 

may be generated for each color channel of the tile. During subsequent imaging cycles of the 

patterned sample, each set of distortion coefficients calculated during the calibrating imaging 

cycle may be applied to a respective tile. In this manner, image distortion may be 

independently corrected for different regions of the sample. This region-specific distortion 

correction permits correction of distortion for which a global rigid registration fails to consider. 

For example, non-linear distortion (not accounted for by the linear affine transform) can be 

induced by the shape of the lens. In addition, the imaged substrate can also introduce 

distortion in the pattern due to the manufacturing process, e.g. a 3D bath tub effect introduced 

by bonding or movement of the wells due to non-rigidity of the substrate. Finally, the tilt of the 

substrate within the holder is not accounted for by the linear affine transform.

[0043] In a second embodiment, a particular method for generating distortion 

correction coefficients for a tile is described. The method includes the steps of estimating a 

single affine transform of the tile using fiducials in the tile, sharpening the tile, and running a 

search for distortion correction coefficients that maximize mean chastity of a plurality of spots 
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in the tile. By performing only a single affine transform of the image, the disclosed method may 

dramatically reduce the time needed to search for an optimum set of distortion correction 

coefficients. In a particular implementation, the search for the distortion correction 

coefficients may iterate the steps of: generating a set of distortion correction coefficients, 

applying the generated distortion correction coefficients to each spot location in the image, 

extracting signal intensity for each spot location in the image, spatially normalizing the signal 

intensities, calculating a mean chastity of the plurality of spot locations in the tile, and 

determining whether to iterate the search for distortion correction coefficients using at least 

the calculated mean chastity.

[0044] In particular implementations, the disclosed method for generating distortion 

correction coefficients may be used to correct image distortion in image data including two 

different color channel images that encode the identity of four different samples (e.g., four 

different DNA base types) as a combination of the intensities of the two images.

[0045] Before describing various embodiments of the systems and methods disclosed 

herein, it is useful to describe an example environment with which the technology disclosed 

herein can be implemented. One such example environment is that of an imaging system 100 

illustrated in FIG. 2A. The example imaging system may include a device for obtaining or 

producing an image of a sample. The example outlined in FIG. 2A shows an example imaging 

configuration of a backlight design embodiment. It should be noted that although systems and 

methods may be described herein from time to time in the context of example imaging system 

100, these are only examples with which embodiments of the image distortion correction 

methods disclosed herein may be implemented.
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[0046] As can be seen in the example of FIG. 2A, subject samples are located on sample 

container 110 (e.g., a flow cell as described herein), which is positioned on a sample stage 170 

under an objective lens 142. Light source 160 and associated optics direct a beam of light, such 

as laser light, to a chosen sample location on the sample container 110. The sample fluoresces 

5 and the resultant light is collected by the objective lens 142 and directed to an image sensor of 

camera system 140 to detect the florescence. Sample stage 170 is moved relative to objective 

lens 142 to position the next sample location on sample container 110 at the focal point of the 

objective lens 142. Movement of sample stage 110 relative to objective lens 142 can be 

achieved by moving the sample stage itself, the objective lens, some other component of the 

10 imaging system, or any combination of the foregoing. Further embodiments may also include 

moving the entire imaging system over a stationary sample.

[0047] Fluid delivery module or device 100 directs the flow of reagents (e.g., 

fluorescently labeled nucleotides, buffers, enzymes, cleavage reagents, etc.) to (and through) 

sample container 110 and waste valve 120. Sample container 110 can include one or more 

15 substrates upon which the samples are provided. For example, in the case of a system to 

analyze a large number of different nucleic acid sequences, sample container 110 can include 

one or more substrates on which nucleic acids to be sequenced are bound, attached or 

associated. In various embodiments, the substrate can include any inert substrate or matrix to 

which nucleic acids can be attached, such as for example glass surfaces, plastic surfaces, latex, 

20 dextran, polystyrene surfaces, polypropylene surfaces, polyacrylamide gels, gold surfaces, and 

silicon wafers. In some applications, the substrate is within a channel or other area at a plurality 

of locations formed in a matrix or array across the sample container 110.
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[0048] In some embodiments, the sample container 110 may include a biological 

sample that is imaged using one or more fluorescent dyes. For example, in a particular 

implementation the sample container 110 may be implemented as a patterned flow cell 

including a translucent cover plate, a substrate, and a liquid sandwiched therebetween, and a 

biological sample may be located at an inside surface of the translucent cover plate or an inside 

surface of the substrate. The flow cell may include a large number (e.g., thousands, millions, or 

billions) of wells or regions that are patterned into a defined array (e.g., a hexagonal array, 

rectangular array, etc.) into the substrate. Each region may form a cluster (e.g., a monoclonal 

cluster) of a biological sample such as DNA, RNA, or another genomic material which may be 

sequenced, for example, using sequencing by synthesis. The flow cell may be further divided 

into a number of spaced apart lanes (e.g., eight lanes), each lane including a hexagonal array of 

clusters. Example flow cells that may be used in embodiments disclosed herein are described in 

U.S. Patent No. 8,778,848.

[0049] The system also comprises temperature station actuator 130 and heater/cooler 

135 that can optionally regulate the temperature of conditions of the fluids within the sample 

container 110. Camera system 140 can be included to monitor and track the sequencing of 

sample container 110. Camera system 140 can be implemented, for example, as a charge- 

coupled device (CCD) camera (e.g., a time delay integration (TDI) CCD camera), which can 

interact with various filters within filter switching assembly 145, objective lens 142, and 

focusing laser/focusing laser assembly 150. Camera system 140 is not limited to a CCD camera 

and other cameras and image sensor technologies can be used. In particular embodiments, the 

camera sensor may have a pixel size between about 5 and about 15 urn.
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[0050] Output data from the sensors of camera system 140 may be communicated to a 

real time analysis module (not shown) that may be implemented as a software application that 

analyzes the image data (e.g., image quality scoring), reports or displays the characteristics of 

the laser beam (e.g., focus, shape, intensity, power, brightness, position) to a graphical user 

5 interface (GUI), and, as further described below, dynamically corrects distortion in the image 

data.

[0051] Light source 160 (e.g., an excitation laser within an assembly optionally 

comprising multiple lasers) or other light source can be included to illuminate fluorescent 

sequencing reactions within the samples via illumination through a fiber optic interface (which 

10 can optionally comprise one or more re-imaging lenses, a fiber optic mounting, etc). Low watt 

lamp 165, focusing laser 150, and reverse dichroic 185 are also presented in the example 

shown. In some embodiments focusing laser 150 may be turned off during imaging. In other 

embodiments, an alternative focus configuration can include a second focusing camera (not 

shown), which can be a quadrant detector, a Position Sensitive Detector (PSD), or similar 

15 detector to measure the location of the scattered beam reflected from the surface concurrent 

with data collection.

[0052] Although illustrated as a backlit device, other examples may include a light from 

a laser or other light source that is directed through the objective lens 142 onto the samples on 

sample container 110. Sample container 110 can be ultimately mounted on a sample stage 170 

20 to provide movement and alignment of the sample container 110 relative to the objective lens 

142. The sample stage can have one or more actuators to allow it to move in any of three 

dimensions. For example, in terms of the Cartesian coordinate system, actuators can be 
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provided to allow the stage to move in the X, Y and Z directions relative to the objective lens. 

This can allow one or more sample locations on sample container 110 to be positioned in 

optical alignment with objective lens 142.

[0053] A focus (z-axis) component 175 is shown in this example as being included to 

control positioning of the optical components relative to the sample container 110 in the focus 

direction (typically referred to as the z axis, or z direction). Focus component 175 can include 

one or more actuators physically coupled to the optical stage or the sample stage, or both, to 

move sample container 110 on sample stage 170 relative to the optical components (e.g., the 

objective lens 142) to provide proper focusing for the imaging operation. For example, the 

actuator may be physically coupled to the respective stage such as, for example, by mechanical, 

magnetic, fluidic or other attachment or contact directly or indirectly to or with the stage. The 

one or more actuators can be configured to move the stage in the z-direction while maintaining 

the sample stage in the same plane (e.g., maintaining a level or horizontal attitude, 

perpendicular to the optical axis). The one or more actuators can also be configured to tilt the 

stage. This can be done, for example, so that sample container 110 can be leveled dynamically 

to account for any slope in its surfaces.

[0054] Focusing of the system generally refers to aligning the focal plane of the 

objective lens with the sample to be imaged at the chosen sample location. However, focusing 

can also refer to adjustments to the system to obtain a desired characteristic for a 

representation of the sample such as, for example, a desired level of sharpness or contrast for 

an image of a test sample. Because the usable depth of field of the focal plane of the objective 

lens may be small (sometimes on the order of 1 pm or less), focus component 175 closely 
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follows the surface being imaged. Because the sample container is not perfectly flat as fixtured 

in the instrument, focus component 175 may be set up to follow this profile while moving along 

in the scanning direction (herein referred to as the y-axis).

[0055] The light emanating from a test sample at a sample location being imaged can be 

directed to one or more detectors of camera system 140. An aperture can be included and 

positioned to allow only light emanating from the focus area to pass to the detector. The 

aperture can be included to improve image quality by filtering out components of the light that 

emanate from areas that are outside of the focus area. Emission filters can be included in filter 

switching assembly 145, which can be selected to record a determined emission wavelength 

and to cut out any stray laser light.

[0056] Although not illustrated, a controller can be provided to control the operation of 

the scanning system. The controller can be implemented to control aspects of system 

operation such as, for example, focusing, stage movement, and imaging operations. In various 

embodiments, the controller can be implemented using hardware, algorithms (e.g., machine 

executable instructions), or a combination of the foregoing. For example, in some 

implementations the controller can include one or more CPUs or processors with associated 

memory. As another example, the controller can comprise hardware or other circuitry to 

control the operation, such as a computer processor and a non-transitory computer readable 

medium with machine-readable instructions stored thereon. For example, this circuitry can 

include one or more of the following: field programmable gate array (FPGA), application specific 

integrated circuit (ASIC), programmable logic device (PLD), complex programmable logic device 

(CPLD), a programmable logic array (PLA), programmable array logic (PAL) or other similar 
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processing device or circuitry. As yet another example, the controller can comprise a 

combination of this circuitry with one or more processors.

[0057] FIG. 2B is block diagram illustrating an example two-channel, line-scanning 

modular optical imaging system 200 that may be implemented in particular embodiments. It 

should be noted that although systems and methods may be described herein from time to 

time in the context of example imaging system 200, these are only examples with which 

embodiments of the technology disclosed herein may be implemented.

[0058] In some implementations, system 200 may be used for the sequencing of nucleic 

acids. Applicable techniques include those where nucleic acids are attached at fixed locations 

in an array (e.g., the wells of a flow cell) and the array is imaged repeatedly. In such 

implementations, system 200 may obtain images in two different color channels, which may be 

used to distinguish a particular nucleotide base type from another. More particularly, system 

200 may implement a process referred to as "base calling," which generally refers to a process 

of a determining a base call (e.g., adenine (A), cytosine (C), guanine (G), or thymine (T)) for a 

given spot location of an image at an imaging cycle. During two-channel base calling, image 

data extracted from two images may be used to determine the presence of one of four base 

types by encoding base identity as a combination of the intensities of the two images. For a 

given spot or location in each of the two images, base identity may be determined based on 

whether the combination of signal identities is [on, on], [on, off], [off, on], or [off, off],

[0059] Referring again to imaging system 200, the system includes a line generation 

module (LGM) 210 with two light sources, 211 and 212, disposed therein. Light sources 211 

and 212 may be coherent light sources such as laser diodes which output laser beams. Light
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source 211 may emit light in a first wavelength (e.g., a red color wavelength), and light source 

212 may emit light in a second wavelength (e.g., a green color wavelength). The light beams 

output from laser sources 211 and 212 may be directed through a beam shaping lens or lenses 

213. In some embodiments, a single light shaping lens may be used to shape the light beams 

5 output from both light sources. In other embodiments, a separate beam shaping lens may be 

used for each light beam. In some examples, the beam shaping lens is a Powell lens, such that 

the light beams are shaped into line patterns. The beam shaping lenses of LGM 210 or other 

optical components imaging system be configured to shape the light emitted by light sources 

211 and 212 into a line patterns (e.g., by using one or more Powel lenses, or other beam 

10 shaping lenses, diffractive or scattering components).

[0060] LGM 210 may further include mirror 214 and semi-reflective mirror 215 

configured to direct the light beams through a single interface port to an emission optics 

module (EOM) 230. The light beams may pass through a shutter element 216. EOM 230 may 

include objective 235 and a z-stage 236 which moves objective 235 longitudinally closer to or 

15 further away from a target 250. For example, target 250 may include a liquid layer 252 and a 

translucent cover plate 251, and a biological sample may be located at an inside surface of the 

translucent cover plate as well an inside surface of the substrate layer located below the liquid 

layer. The z-stage may then move the objective as to focus the light beams onto either inside 

surface of the flow cell (e.g., focused on the biological sample). The biological sample may be 

20 DNA, RNA, proteins, or other biological materials responsive to optical sequencing as known in 

the art.
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[0061] EOM 230 may include semi-reflective mirror 233 to reflect a focus tracking light 

beam emitted from a focus tracking module (FTM) 240 onto target 250, and then to reflect light 

returned from target 250 back into FTM 240. FTM 240 may include a focus tracking optical 

sensor to detect characteristics of the returned focus tracking light beam and generate a 

5 feedback signal to optimize focus of objective 235 on target 250.

[0062] EOM 230 may also include semi-reflective mirror 234 to direct light through 

objective 235, while allowing light returned from target 250 to pass through. In some 

embodiments, EOM 230 may include a tube lens 232. Light transmitted through tube lens 232 

may pass through filter element 231 and into camera module (CAM) 220. CAM 220 may 

10 include one or more optical sensors 221 to detect light emitted from the biological sample in 

response to the incident light beams (e.g., fluorescence in response to red and green light 

received from light sources 211 and 212).

[0063] Output data from the sensors of CAM 220 may be communicated to a real time 

analysis module 225. Real time analysis module, in various implementations, executes 

15 computer readable instructions for analyzing the image data (e.g., image quality scoring, base 

calling, etc.), reporting or displaying the characteristics of the beam (e.g., focus, shape, 

intensity, power, brightness, position) to a graphical user interface (GUI), etc. These operations 

may be performed in real-time during imaging cycles to minimize downstream analysis time 

and provide real time feedback and troubleshooting during an imaging run. In 

20 implementations, real time analysis module may be a computing device (e.g., computing device 

1000) that is communicatively coupled to and controls imaging system 200. In embodiments 
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further described below, real time analysis module 225 may additionally execute computer 

readable instructions for correcting distortion in the output image data received from CAM 220.

[0064] FIG. 3 illustrates an example configuration of a patterned sample 300 that may 

be imaged in accordance with embodiments disclosed herein. In this example, sample 300 is

5 patterned with a hexagonal array of ordered spots or features 310 that may be simultaneously 

imaged during an imaging run. Although a hexagonal array is illustrated in this example, in 

other implementations the sample may be patterned using a rectilinear array, a circular array, 

an octagonal array, or some other array pattern. For ease of illustration, sample 300 is 

illustrated as having tens to hundreds of spots 310. However, as would be appreciated by one 

10 having skill in the art, sample 300 may have thousands, millions, or billions of spots 310 that are 

imaged. Moreover, in some instances, sample 300 may be a multi-plane sample comprising 

multiple planes (perpendicular to focusing direction) of spots 310 that are sampled during an 

imaging run.

[0065] In a particular embodiment, sample 300 may be a flow cell patterned with

15 millions or billions of wells that are divided into lanes. In this particular embodiment, each well 

of the flow cell may contain biological material that is sequenced using sequencing by synthesis.

[0066] As discussed above, optical distortion may be particularly detrimental for multi­

cycle imaging of a patterned sample 300 having a large number of spots, as it may shift the 

actual position of spots of the scanned image away from the expected position of the spots. 

20 This distortion effect may become particularly pronounced along the edges of the field of view, 

potentially rendering unusable the imaged data from these spots. This may cause a drop in 

data throughput and an increase in error rate during a multi-cycle imaging run. Embodiments 
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described below are directed to dynamically correcting image distortion during an imaging run 

(e.g., a sequencing run), thereby improving data throughput and reducing the error rate during 

the imaging run.

[0067] FIG. 4 is an operational flow diagram illustrating an example method 400 that 

may be implemented for dynamically correcting image distortion during an imaging run in 

accordance with the disclosure. Although method 400 will from time to time be described in 

the context of a two channel imaging system (e.g., imaging system 200), method 400 may be 

applied to an imaging system having any number of channels (e.g., one channel, three channels, 

four channels, etc.)

[0068] At operation 410, a calibrating imaging cycle of a patterned sampled is 

performed. During the calibrating imaging cycle, image data may be collected for the entire 

sample by scanning the sample area (e.g., using a line scanner), with one or more coherent 

sources of light. By way of example, imaging system 200 may use LGM 210 in coordination with 

the optics of the system to line scan the sample with light having wavelengths within the red 

color spectrum and to line scan the sample with light having wavelengths within the green color 

spectrum. In response to line scanning, fluorescent dyes situated at the different spots of the 

sample may fluoresce and the resultant light may be collected by the objective lens 235 and 

directed to an image sensor of CAM 220 to detect the florescence. For example, fluorescence 

of each spot may be detected by a few pixels of CAM 220. Image data output from CAM 220 

may then be communicated to real time analysis module 225 for image distortion correction 

(e.g., correction of image distortion resulting from the geometry of objective lens 235).
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[0069] In various implementations, the calibrating imaging cycle may be the very first 

imaging cycle of a multi-cycle imaging run (e.g., a DNA sequencing run). Particularly, the 

imaging system may automatically determine distortion correction coefficients during the 

beginning of every imaging run, thereby preventing distortion drift of the imaging system over 

5 time.

[0070] At operation 430, the imaging data generated by the calibrating imaging cycle is 

divided into a plurality of imaging data subsets (e.g., tiles) corresponding to a respective region 

of the patterned sample. In other words, an imaging data subset comprises a subset of the 

pixels of an imaging data set of one imaging cycle. FIG. 5 visually illustrates how the imaging 

10 data may be divided into a plurality of imaging data subsets for an N-channel imaging system 

that images a sample having an array of spots (e.g., sample 300). For simplicity, image 

distortion is not illustrated by FIG. 5. As shown, for each channel the image data may be 

subdivided into a plurality of tiles 445 or imaging data subsets corresponding to a region of the 

sample. Each imaging data subset itself comprises plurality of image spots 443 that may be 

15 distorted from their expected positions on the sample (particularly along the edges of the tile).

By way of example, an imaging data subset for a 2-channel imager may include the image data 

for a respective region of the sample for each channel (e.g., the top right tile of channel 1 and 

the top right tile of channel 2). As illustrated by FIG. 5, the imaging data is divided into 28 tiles 

for each color channel. Dividing the image data into a plurality of tiles 445 permits 

20 parallelization of image processing operations. Additionally, as further described below, this 

permits independent distortion correction for each region of the sample, which may correct 

additional distortions (i.e., distortion that is not due to optics) that are localized on the sample. 
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Such distortions may be introduced by tilt of the flow cell or tilt induced by 3D curvature of the 

flow cell such as a bathtub shape.

[0071] In various implementations, the size of the imaging data subsets may be 

determined using the placement of fiducial markers or fiducials in the field of view of the 

5 imaging system, in the sample, or on the sample. The imaging data subsets may be divided 

such that the pixels of each imaging data subset or tile has a predetermined number of fiducials 

(e.g., at least three fiducials, four fiducials, six fiducials, eight fiducials, etc.) For example, the 

total number of pixels of the imaging data subset may be predetermined based on 

predetermined pixel distances between the boundaries of the imaging data subset and the 

10 fiducials. FIG. 7 illustrates one such example of a tile 500 including six fiducials 510. As further 

described below, these fiducials may be used as reference points for aligning the image and 

determining distortion coefficients.

[0072] At operation 450, further described below, a set of image distortion correction 

coefficients is independently calculated for each imaging data subset. In the event that the 

15 imaging data subset includes multiple color channels, a separate set of distortion correction 

coefficients may be calculated for each color channel. These image distortion correction 

coefficients may be applied to correct distortion of image data in the calibrating imaging cycle.

[0073] At operation 470, the next imaging cycle of the patterned sample is performed, 

and new image data is generated. At operation 490, the distortion correction coefficients 

20 calculated during the calibrating imaging cycle are applied to the imaging data of the current 

imaging cycle to correct for distortion. Each set of calculated distortion coefficients may be 

applied to a corresponding tile in the current cycle's imaging data. Thereafter, operations 470 
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and 490 may be iterated. As such, distortion correction coefficients calculated during an initial 

imaging cycle may be applied to subsequent imaging cycles to independently correct for 

distortion in the different tiles of imaging data.

[0074] FIG. 6 is an operational flow diagram illustrating an example method 450 of 

calculating distortion correction coefficients for imaging data generated by an imaging system. 

It should be noted that although example method 450 is illustrated as being applied to an 

imaging data subset 445, in practice it may be applied to a full imaging data set (e.g., image 

data of an entire sample).

[0075] Method 450 takes as an input an imaging data subset 445 corresponding to a 

region of a sample that was generated during an imaging cycle and outputs a set of distortion 

correction coefficients 468 for a polynomial that may be applied to correct distortion of i) the 

imaging data subset; and ii) imaging data of the same region of the sample taken during 

subsequent imaging cycles. In instances where the imaging data subset comprises imaging data 

for a first color channel and imaging data for a second color channel, a set of distortion 

correction coefficients may be generated for each channel of the imaging data subset. 

Although embodiments of method 450 will primarily be described with reference to determine 

distortion correction coefficients for two-channel imaging data, it should be noted that method 

450 may be applied to determine distortion correction coefficients for imaging data 

corresponding to any number of channels. It should also be noted that in multi-channel 

imaging systems, operations 451-452 and 461-465 may be performed independently for 

imaging data corresponding to each channel. As such, for the sake of simplicity, these 

operations will primarily be described as if they were performed for a single channel. For 
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additional simplicity, the description of method 450 will refer to imaging data subset 445 as an 

image.

[0076] At operation 451, an affine transform is estimated for the image using image 

fiducials. For example, as illustrated in FIG. 7, bullseye ring fiducials 510 (light rings surrounded

5 by a dark border to enhance contrast) may be found in the image to determine their actual 

locations in the image. In embodiments, the locations of the fiducials in the image may be 

found by performing cross-correlation with the location of a reference virtual fiducial and 

taking the location where the cross-correlation score is maximized. Cross-correlation may be 

performed using the cross-correlation equation for discrete functions, Equation (1)

(ƒ *$)[»] ^ ƒ*[?■»] $|-m 4 n|
10 , (1)

where a measure of the goodness of a fit between a fiducial in the image and a virtual fiducial 

may be calculated using scoring equation (2):

Score = 1 - (RunnerUp_CC - Minimum_CC) / (Maximum_CC - Mlnimum_CC), (2)

where Minimum_CC is the minimum value of the cross-correlation, Maximum_CC is the

15 maximum value of the cross-correlation, and RunnerUp_CC is the largest cross correlation value 

outside a radius of 4 pixels from the location of the Maximum_CC. Particular methods for 

determining the locations of fiducials are described in greater detail in U.S. Patent Application 

No. 14/530,299.
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[0077] Given prior knowledge of the theoretical location of the fiducials (e.g., based on 

how many equally spaced spots there should be between the fiducials), an affine transform 

that maps the theoretical locations of the fiducials to their actual locations on the image may 

be determined. The estimated affine transform may map the translation, rotation, and 

5 magnification from the expected position of the fiducials.

[0078] Given theoretical locations xiz yz of an image (i.e., where pixels of fiducials 

should be using the actual sample configuration) and actual image locations xw, yw(where 

pixels of fiducials actually appear on image), the affine transform may mathematically be 

represented by Equation (3):

1 0 x0 0 0- cos Θ —sin# 0' xr
yw = 0 1 y0 0 Sy 0 sin# cos Θ 0 y(·
1 J .0 0 1. .0 0 1. . 0 0 1. LiJ

(3)

where the first matrix is a translation matrix, the second matrix is a scaling matrix that scales an 

image point by scaling factor sx in the x direction and a scaling factor sy in the y direction, and 

the third matrix is a rotation matrix that rotates an image point by an angle Θ about the z axis 

(i.e., in the focusing direction perpendicular to the image). Alternatively, the affine transform

15 may be represented by Equation (4):

'xw' all a12 a13 xf
yw = a21 a22 a23 y? (4)
1J L 0 0 1 L ι J

where the arland a23 coefficients provide for translation of an image point along the x and y 

directions, and the other four coefficients provide for a combination of scaling and 

magnification of an image point. Given the actual locations (u1; v1), (u2, v2), (u3, v3) of three
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fiducials on the image, and the theoretical locations (xi,yi), (x2,y2). (Χ3Ύ3) of the three

fiducials, the affine transform may be estimated by solving Equation (5):

U1 U2 u3- 311 a12 a13 -χχ x2 X3·
Vi V2 V3 = a21 a22 a23 yi: y2 y3

11 1 1J L 0 0 1 Li 1 1J
(5)

Equation (5) may be solved by solving least squares Equation (6):

5 (6)

Taking the six partial derivatives of the error function with respect to each of the six variables

and setting this expression to zero gives six equations representation in matrix form by

Equation (7):

'X··*. "Λ 0
yvT' Σ»Ζ ή

5¾ Ö

0 ·) χ > ·>
.«■

Ö 0
0 0

0 sn t

ό ί/ : ;;

0 «ik

w «21

Ύ I ¢7

10

•(7)

[0079] At operation 452, the image is sharpened. For example, the image may be

sharpened using the Laplacian convolution or other image sharpening techniques known in the 

art.
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[0080] At operation 460, an iterative search for distortion correction coefficients that 

maximize mean chastity of a plurality of spots in the image is run. In various embodiments, the 

search may be a patterned search. Alternatively, other suitable search algorithms known in the 

art may be applied. The steps of search operation 460 are further described below.

[0081] In certain embodiments, the search algorithm can be accelerated by subsampling 

spots within the image. In particular two-channel implementations of these embodiments, the 

subsampling must include every spot in some number of rows. Doing so may address a 

problem that is unique to two-channel (two-color) encoding of signals having [off, off] signal 

intensities (e.g., base calls). In the case of base calls, G-base clusters, which are designated as 

"off" (unlabeled) clusters, may incorrectly be registered as "on." Alternatively, a signal may be 

extracted from the space between clusters (i.e., area between wells) and registered as an "off" 

signal. This problem is overcome by sampling every well in a row and a sufficient number of 

rows such that G-base clusters do not drive the chastity cost function.

[0082] At operation 461, a set of distortion correction coefficients is generated. The 

distortion correction coefficients may provide a polynomial representation of the distortion 

correction function of the image. In implementations, the distortion correct coefficients may 

correspond to a second order polynomial, a third order polynomial, a fourth order polynomial, 

or fifth order polynomial, or an even higher order polynomial. In implementations where the 

imaging system is a line scanner, distortion correction may mathematically be represented by 

Equation (8):

(8)
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(x, y) = (x, y) + (dx, dy)

dx = an(x — cxjn + ---03(% — cxj2 + cy(x — cxj + d

dy = an(x — cxjn + ■•■a2(x — cxj2 + a1(x — cx) + d,

where (x,y) is the distortion corrected position within the image of image coordinates (x, y), 

ar-an are distortion correction coefficients describing an nth order polynomial, and cx is the 

center point in the image for x, and where y is the direction of scanning for the line scanner. In 

5 this implementation, distortion in y can be measured with respect to x, because that is the 

dimension with greatest distortion. In some instances, where distortion in y is neglibible (e.g., 

as determined by imaging requirements), it may be assumed that dy = 0 and the distortion 

correction position within the image simplifies to Equation (9):

(x,y) = (x,y) + (dx,0) . (9)

10 [0083] In implementations, search operation 460 may start off with 0 values for the

distortion correction coefficients during the first step of the search (i.e., assume no distortion in 

the image). Alternatively, a previously learned set of coefficients values may be used to start 

the search.

[0084] At operation 462, the affine transform estimated at operation 451 is applied to 

15 spot locations in the image. For example, the affine transform may be applied in accordance 

with Equation (4) described above.

[0085] At operation 463, after applying the estimated affine transform to the spot 

locations, the generated distortion correction coefficients are applied to the spot locations in 
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the image. For example, where distortion is corrected in two dimensions for a line scanner, 

Equation (8) may be applied. Alternatively, if distortion in y is negligible, Equation (9) may be 

applied.

[0086] At operation 464, signal intensities are extracted for each spot location in the

5 image. For example, for a given spot location, signal intensity may be extracted by determining 

a weighted average of the intensity of the pixels in a spot location. For example, a weighted 

average of the center pixel and neighboring pixels may be performed such as bilinear 

interpolation. In embodiments, each spot location in the image may comprise a few pixels 

(e.g., 1-5 pixels).

10 [0087] At optional operation 465, the extracted signal intensities are spatially

normalized to account for variation in illumination across the sampled imaged. For example, 

intensity values may be normalized such that a 5th and 95th percentiles have values of 0 and 1, 

respectively.

[0088] At operation 466, the normalized signal intensities for the image (e.g.,

15 normalized intensities for each channel) may be used to calculate mean chastity for the 

plurality of spots in the image. Example methods for calculating mean chastity are further 

described below.

[0089] In one implementation, mean chastity may be calculated for a two-channel 

system that implements base calling, which, as described above, generally refers to a process of 

20 determining a base call (e.g., A, C, G, or T) for a given spot location of an image during an 

imaging cycle. Base calling may be performed by fitting a mathematical model to the intensity 

data. Suitable mathematical models that can be used include, for example, a k-means clustering
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algorithm, a k-means-like clustering algorithm, expectation maximization clustering algorithm, a 

histogram based method, and the like. Four Gaussian distributions may be fit to the set of two- 

channel intensity data such that one distribution is applied for each of the four nucleotides 

represented in the data set.

[0090] In one particular embodiment, an expectation maximization (EM) algorithm may 

be applied. As a result of the EM algorithm, for each X, Y value (referring to each of the two 

channel intensities respectively) a value can be generated which represents the likelihood that 

a certain X, Y intensity value belongs to one of four Gaussian distributions to which the data is 

fitted. Where four bases give four separate distributions, each X, Y intensity value will also have 

four associated likelihood values, one for each of the four bases. The maximum of the four 

likelihood values indicates the base call. This is illustrated by FIG. 8, which shows that if a 

cluster is "off" in both channels, the basecall is G. If the cluster is "off" in one channel and "on" 

in another channel the base call is either C or T (depending on which channel is on), and if the 

cluster is "on" in both channels the basecall is A.

[0091] More generally, for base calling implementations involving any number of 

channels, chastity for a given image spot may be determined using at least the distance of the 

channel's intensity point to the center of its respective Gaussian distribution. The closer the 

image spot's intensity point lies in the center of the distribution for the called base, the greater 

the likelihood the called base is accurate and the higher its chastity value. In four-channel 

implementations, the quality of the base call (i.e., chastity value) for the given spot may be 

expressed as the highest intensity value divided by the highest plus the second highest. In two- 

channel implementations, the quality or purity of the base call for a given data point can be
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expressed as a function of the distance to the nearest centroid divided by the distance to the 

second nearest centroid. Mathematically, chastity for a given point for two-channel 

implementations may be expressed by Equation (10):

C = 1.0 - D1/(D1+D2) , (10)

5 where DI is the distance to the nearest Gaussian mean, and D2 is the next closest distance to a 

Guassian mean. Distance may be measured using the Mahalanobis method (which takes into 

account the width of the distribution along the line defined by each Gaussian centroid and the 

point under consideration.)

[0092] At decision 468, it is determined whether search 460 should iterate. This 

10 determination, in various embodiments, may depend on whether the mean chastity 

determination has converged on an optimal set of distortion correction coefficients, search 460 

has iterated a predetermined number of times, a predetermined mean chastity value has been 

calculated, or some combination thereof. For example, if a set of coefficients improve overall 

mean chastity, those coefficients may become a starting point for the next iteration of the 

15 search and sampling of a new set of coefficients. In particular implementations, search 460 

may iterate tens, hundreds, or even thousands of times (e.g., using a patterned search).

[0093] FIGs. 9A-9B each respectively illustrates a collection of distortion curves for a set 

of tiles for optics that happen to be on a two-channel sequencing instrument that uses flow 

cells. FIG. 9A is from one instrument and FIG 9B from another instrument showing the 

20 variability from instrument to instrument. The curves are done both by surface (first number) 

and by lane (second number). As the plots illustrate, distortion may vary both by lane and by
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surface of the flow cell. FIG. 9C illustrates four distortion curves corresponding to two different 

color channels for a single of tile for optics that happen to be on a four-channel sequencing 

instrument that uses flow cells. As such, independent correction of image distortion in the 

different of regions of flow cell (both by region and color channel) in accordance with the 

embodiments disclosed herein may further improve image quality.

[0094] FIG. 10A is a box and whiskers plot of experimental results illustrating what 

percent of spots of a flow cell sequenced using a line scanner passed a chastity filter (%PF) 

without distortion correction, binned across the field of view of a tile with respect to X. 

Chastity filtering may be applied during imaging cycles to filter out data from "poor image 

quality" spots. For example, a spot may be disregarded as a data point if it does not exceed a 

predetermined chastity value after a certain number of sequencing cycles. In FIG. 10A, the 

subtile bin number indicates the distance in the x direction of the spots relative to the center of 

a tile image. For a given x direction, results were averaged over all ys (where y was the 

scanning direction) of the tile. As shown, without distortion correction, a small percentage of 

spots at the edges of tiles passed the chastity filter, and the data for those spots become 

unusable. FIG. 10B is a box plot of experimental results showing what percent of spots of a 

sequenced flow cell passed a chastity filter with distortion correction in accordance with the 

present disclosure. As illustrated, the number of spots passing the chastity filter dramatically 

significantly improved toward the edges of tiles.

[0095] In further embodiments, optical distortion may be reduced in an imaging system 

by optimizing the optical design of an imaging lens (e.g., an objective lens) in the imaging 

system. The design of the optical lens may be optimized by tailoring it using at least a
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predetermined image distortion correction algorithm applied to images taken by the lens (e.g., 

the image distortion correction algorithm described herein). For example, if the image 

distortion correction algorithm expects 0.2 to 0.4 pixels of distortion in the lens, it may be 

advantageous to design the lens with the expected level of distortion as opposed to no 

distortion.

[0096] FIG. 11 is an operational flow diagram illustrating an example method 600 for 

determining optical distortion correction parameters that may be used to optimize a design of 

an imaging lens (e.g., an objective lens). Method 600 receives as inputs the field of view of the 

lens and pixel size of the image sensor and outputs the maximum absolute optical distortion 

and maximum error from the fitted position of a fifth order polynomial.

[0097] At operation 610, a vector of point spread function centroids is calculated. The 

vector of point spread functions may be calculated by initializing a maximum distortion 

(DistMax) variable to zero and iterating the following steps while Dist > DistMax:

• calculating the paraxial Y height at the field height F (Yref);

• calculating the centroid of the Huygens point spread function (Yreal);

• calculating the distortion: Dist = 100 * ABSO(Yreal-Yref) / Yref; and

• storing Yreal in a vector (Vyreal), and storing F in a vector (VF).

[0098] At operation 620, a polynomial fit of the point spread functions is calculated. 

This polynomial fit, in particular implementations, may be calculated by calculating a fifth order 

polynomial fit of VF and Vyreal of the form: Vyreal = al*F + a3*FA3 + a5*FA5, where al 

represents magnification, a3, is a third order coefficient, and a5 is a fifth order coefficient.

2018852



35

[0099] At operation 630, each centroid may be compared with the fitted position. This 

comparison may be made by initializing a maximum error from fitted position (ErrMax) variable 

to zero and iterating the following steps while Err>ErrMax:

• calculating the paraxial Y height of the field height F (Yref);

5 · calculating the centroid of the Huygens point spread function (Yreal);

• calculating the expected centroid location from al, a3, and a5 (Yexp); and

• calculating the error Err = abs(Yexp-Yreal)/Spix where Spix is the pixel size of the image 

sensor.

[00100] In this example, at operation 640 the design of the lens is optimized using

10 at least the determined maximum error from the fitted position and the determined maximum 

absolute distortion. In embodiments this optimization may be based on a least squares 

minimization technique that root sum squares (rss) the determined maximum error and 

determined maximum absolute distortion with wavefront error.

[00101] FIG. 12 is a residual distortion plot showing residual optical distortion in

15 pixels across the field of view of a lens after applying a fifth order polynomial to correct for 

distortion.

[00102] FIG. 13 illustrates an example computing component that may be used to 

implement various features of the system and methods disclosed herein, such as the 

aforementioned features and functionality of one or more aspects of methods 400 and 450.

20 For example, computing component may be implemented as a real-time analysis module 225.
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[00103] As used herein, the term module might describe a given unit of 

functionality that can be performed in accordance with one or more embodiments of the 

present application. As used herein, a module might be implemented utilizing any form of 

hardware, software, or a combination thereof. For example, one or more processors, 

5 controllers, ASICs, PLAs, PALs, CPLDs, FPGAs, logical components, software routines or other 

mechanisms might be implemented to make up a module. In implementation, the various 

modules described herein might be implemented as discrete modules or the functions and 

features described can be shared in part or in total among one or more modules. In other 

words, as would be apparent to one of ordinary skill in the art after reading this description, the 

10 various features and functionality described herein may be implemented in any given 

application and can be implemented in one or more separate or shared modules in various 

combinations and permutations. Even though various features or elements of functionality may 

be individually described or claimed as separate modules, one of ordinary skill in the art will 

understand that these features and functionality can be shared among one or more common 

15 software and hardware elements, and such description shall not require or imply that separate 

hardware or software components are used to implement such features or functionality.

[00104] Where components or modules of the application are implemented in 

whole or in part using software, in one embodiment, these software elements can be 

implemented to operate with a computing or processing module capable of carrying out the 

20 functionality described with respect thereto. One such example computing module is shown in 

FIG. 13. Various embodiments are described in terms of this example-computing module 1000. 
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After reading this description, it will become apparent to a person skilled in the relevant art 

how to implement the application using other computing modules or architectures.

[00105] Referring now to FIG. 13, computing module 1000 may represent, for 

example, computing or processing capabilities found within desktop, laptop, notebook, and

5 tablet computers; hand-held computing devices (tablets, PDA's, smart phones, cell phones, 

palmtops, etc.); mainframes, supercomputers, workstations or servers; or any other type of 

special-purpose or general-purpose computing devices as may be desirable or appropriate for a 

given application or environment. Computing module 1000 might also represent computing 

capabilities embedded within or otherwise available to a given device. For example, a

10 computing module might be found in other electronic devices such as, for example, digital 

cameras, navigation systems, cellular telephones, portable computing devices, modems, 

routers, WAPs, terminals and other electronic devices that might include some form of 

processing capability.

[00106] Computing module 1000 might include, for example, one or more

15 processors, controllers, control modules, or other processing devices, such as a processor 1004. 

Processor 1004 might be implemented using a general-purpose or special-purpose processing 

engine such as, for example, a microprocessor, controller, or other control logic. In the 

illustrated example, processor 1004 is connected to a bus 1002, although any communication 

medium can be used to facilitate interaction with other components of computing module

20 1000 or to communicate externally.

[00107] Computing module 1000 might also include one or more memory 

modules, simply referred to herein as main memory 1008. For example, preferably random
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access memory (RAM) or other dynamic memory, might be used for storing information and 

instructions to be executed by processor 1004. Main memory 1008 might also be used for 

storing temporary variables or other intermediate information during execution of instructions 

to be executed by processor 1004. Computing module 1000 might likewise include a read only 

memory ("ROM") or other static storage device coupled to bus 1002 for storing static 

information and instructions for processor 1004.

[00108] The computing module 1000 might also include one or more various 

forms of information storage mechanism 1010, which might include, for example, a media drive 

1012 and a storage unit interface 1020. The media drive 1012 might include a drive or other 

mechanism to support fixed or removable storage media 1014. For example, a hard disk drive, 

a solid state drive, a magnetic tape drive, an optical disk drive, a CD or DVD drive (R or RW), or 

other removable or fixed media drive might be provided. Accordingly, storage media 1014 

might include, for example, a hard disk, a solid state drive, magnetic tape, cartridge, optical 

disk, a CD, DVD, or Blu-ray, or other fixed or removable medium that is read by, written to or 

accessed by media drive 1012. As these examples illustrate, the storage media 1014 can 

include a computer usable storage medium having stored therein computer software or data.

[00109] In alternative embodiments, information storage mechanism 1010 might 

include other similar instrumentalities for allowing computer programs or other instructions or 

data to be loaded into computing module 1000. Such instrumentalities might include, for 

example, a fixed or removable storage unit 1022 and an interface 1020. Examples of such 

storage units 1022 and interfaces 1020 can include a program cartridge and cartridge interface, 

a removable memory (for example, a flash memory or other removable memory module) and 
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memory slot, a PCMCIA slot and card, and other fixed or removable storage units 1022 and 

interfaces 1020 that allow software and data to be transferred from the storage unit 1022 to 

computing module 1000.

[00110] Computing module 1000 might also include a communications interface 

1024. Communications interface 1024 might be used to allow software and data to be 

transferred between computing module 1000 and external devices. Examples of 

communications interface 1024 might include a modem or softmodem, a network interface 

(such as an Ethernet, network interface card, WiMedia, IEEE 802.XX or other interface), a 

communications port (such as for example, a USB port, IR port, RS232 port Bluetooth® 

interface, or other port), or other communications interface. Software and data transferred via 

communications interface 1024 might typically be carried on signals, which can be electronic, 

electromagnetic (which includes optical) or other signals capable of being exchanged by a given 

communications interface 1024. These signals might be provided to communications interface 

1024 via a channel 1028. This channel 1028 might carry signals and might be implemented 

using a wired or wireless communication medium. Some examples of a channel might include a 

phone line, a cellular link, an RF link, an optical link, a network interface, a local or wide area 

network, and other wired or wireless communications channels.

[00111] In this document, the terms "computer readable medium", "computer 

usable medium" and "computer program medium" are used to generally refer to non-transitory 

media, volatile or non-volatile, such as, for example, memory 1008, storage unit 1022, and 

media 1014. These and other various forms of computer program media or computer usable 

media may be involved in carrying one or more sequences of one or more instructions to a
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processing device for execution. Such instructions embodied on the medium, are generally 

referred to as "computer program code" or a "computer program product" (which may be 

grouped in the form of computer programs or other groupings). When executed, such 

instructions might enable the computing module 1000 to perform features or functions of the 

present application as discussed herein.

[00112] Although described above in terms of various exemplary embodiments 

and implementations, it should be understood that the various features, aspects and 

functionality described in one or more of the individual embodiments are not limited in their 

applicability to the particular embodiment with which they are described, but instead can be 

applied, alone or in various combinations, to one or more of the other embodiments of the 

application, whether or not such embodiments are described and whether or not such features 

are presented as being a part of a described embodiment. Thus, the breadth and scope of the 

present application should not be limited by any of the above-described exemplary 

embodiments.

[00113] It should be appreciated that all combinations of the foregoing concepts 

(provided such concepts are not mutually inconsistent) are contemplated as being part of the 

inventive subject matter disclosed herein. In particular, all combinations of claimed subject 

matter appearing at the end of this disclosure are contemplated as being part of the inventive 

subject matter disclosed herein.

[00114] The terms "substantially" and "about" used throughout this disclosure, 

including the claims, are used to describe and account for small fluctuations, such as due to 

variations in processing. For example, they can refer to less than or equal to ±5%, such as less
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than or equal to ±2%, such as less than or equal to ±1%, such as less than or equal to ±0.5%, 

such as less than or equal to ±0.2%, such as less than or equal to ±0.1%, such as less than or 

equal to ±0.05%.

[00115] To the extent applicable, the terms "first," "second," "third," etc. herein

5 are merely employed to show the respective objects described by these terms as separate 

entities and are not meant to connote a sense of chronological order, unless stated explicitly 

otherwise herein.

[00116] Terms and phrases used in this document, and variations thereof, unless 

otherwise expressly stated, should be construed as open ended as opposed to limiting. As 

10 examples of the foregoing: the term "including" should be read as meaning "including, without 

limitation" or the like; the term "example" is used to provide exemplary instances of the item in 

discussion, not an exhaustive or limiting list thereof; the terms "a" or "an" should be read as 

meaning "at least one," "one or more" or the like; and adjectives such as "conventional," 

"traditional," "normal," "standard," "known" and terms of similar meaning should not be 

15 construed as limiting the item described to a given time period or to an item available as of a 

given time, but instead should be read to encompass conventional, traditional, normal, or 

standard technologies that may be available or known now or at any time in the future. 

Likewise, where this document refers to technologies that would be apparent or known to one 

of ordinary skill in the art, such technologies encompass those apparent or known to the skilled 

20 artisan now or at any time in the future.

[00117] The presence of broadening words and phrases such as "one or more,"

"at least," "but not limited to" or other like phrases in some instances shall not be read to mean
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that the narrower case is intended or required in instances where such broadening phrases may 

be absent. The use of the term "module" does not imply that the components or functionality 

described or claimed as part of the module are all configured in a common package. Indeed, 

any or all of the various components of a module, whether control logic or other components, 

can be combined in a single package or separately maintained and can further be distributed in 

multiple groupings or packages or across multiple locations.

[00118] Additionally, the various embodiments set forth herein are described in 

terms of exemplary block diagrams, flow charts and other illustrations. As will become 

apparent to one of ordinary skill in the art after reading this document, the illustrated 

embodiments and their various alternatives can be implemented without confinement to the 

illustrated examples. For example, block diagrams and their accompanying description should 

not be construed as mandating a particular architecture or configuration.

[00119] While various embodiments of the present disclosure have been 

described above, it should be understood that they have been presented by way of example 

only, and not of limitation. Likewise, the various diagrams may depict an example architectural 

or other configuration for the disclosure, which is done to aid in understanding the features and 

functionality that can be included in the disclosure. The disclosure is not restricted to the 

illustrated example architectures or configurations, but the desired features can be 

implemented using a variety of alternative architectures and configurations. Indeed, it will be 

apparent to one of skill in the art how alternative functional, logical or physical partitioning and 

configurations can be implemented to implement the desired features of the present 

disclosure. Also, a multitude of different constituent module names other than those depicted
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herein can be applied to the various partitions. Additionally, with regard to flow diagrams, 

operational descriptions and method claims, the order in which the steps are presented herein 

shall not mandate that various embodiments be implemented to perform the recited 

functionality in the same order unless the context dictates otherwise.

5
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Conclusies

1. Werkwijze, omvattende:

het uitvoeren van een eerste beeldvormende cyclus van een van een patroon voorzien 

monster, omvattende een veelheid van punten;

het verdelen van een eerste set beeldgegevens gegenereerd tijdens de eerste 

beeldvormende cyclus, in een eerste veelheid subsets van beeldgegevens, waarbij elk 

van de eerste veelheid van subsets van beeldgegevens overeenkomt met een 

respectief gebied van het van een patroon voorzien monster, waarbij elk van de 

respectieve gebieden van het van een patroon voorzien monster een veelheid van 

punten omvat;

het berekenen van een set correctiecoëfficiënten voor beelddistorsie voor elk van de 

eerste veelheid van subsets van beeldgegevens;

het uitvoeren van een tweede beeldvormende cyclus van het van een patroon voorzien 

monster om een tweede set beeldgegevens te genereren; en

het verdelen van de tweede set beeldgegevens gegenereerd tijdens de tweede 

beeldvormende cyclus in een tweede veelheid van subsets van beeldgegevens, waarbij 

elk van de tweede veelheid van subsets van beeldgegevens overeenkomt met 

hetzelfde respectieve gebied van het van een patroon voorzien monster als een van de 

eerste veelheid van subsets van beeldgegevens; en 

voor elk van de tweede veelheid van subsets van beeldgegevens, het toepassen van 

de correctiecoëfficiënten voor distorsie berekend voor de een van de eerste veelheid 

van subsets van beeldgegevens die overeenkomen met hetzelfde respectieve gebied 

van het van een patroon voorzien monster.

2. Werkwijze volgens conclusie 1, waarbij elk van de veelheid van punten van het van een 

patroon voorzien monster fluorescent gelabelde nucleïnezuren omvat, waarbij de eerste 

beeldvormende cyclus een eerste sequentiecyclus is, en waarbij de tweede 

beeldvormende cyclus een tweede sequentiecyclus is.

3. Werkwijze volgens conclusie 1, waarbij de eerste set beeldgegevens en de tweede set 

beeldgegevens elk respectievelijk beeldgegevens omvatten van een eerste kleurkanaal 

en beeldgegevens van een tweede kleurkanaal, en waarbij het berekenen van een set 

correctiecoëfficiënten voor beelddistorsie voor elk van de eerste veelheid van subsets 

van beeldgegevens omvat het bepalen van een set correctiecoëfficiënten voor distorsie 

voor elk kleurkanaal van elke subset van beeldgegevens.

4. Werkwijze volgens conclusie 1, waarbij het berekenen van een set 
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correctiecoëfficiënten voor beelddistorsie voor elk van de eerste veelheid van subsets 

van beeldgegevens omvat:

het schatten van een affiene transformatie van de subset van beeldgegevens;

het verscherpen van de subset van beeldgegevens; en

het herhalend zoeken naar een optimale set correctiecoëfficiënten voor distorsie voor 

de subset van beeldgegevens.

5. Werkwijze volgens conclusie 4, waarbij het herhalend zoeken naar een optimale set 

correctiecoëfficiënten voor distorsie voor de subset van beeldgegevens omvat: het 

toepassen van de geschatte affiene transformatie gedurende elke herhaling van het 

zoeken.

6. Werkwijze volgens conclusie 4, waarbij de eerste set beeldgegevens en de tweede set 

beeldgegevens worden verdeeld met behulp van ten minste de positie van referenties 

op het monster, en waarbij de affiene transformatie voor elk van de eerste veelheid van 

subsets van beeldgegevens wordt geschat met behulp van de referenties.

7. Werkwijze voor het corrigeren van optische distorsie in een beeld van een van een 

patroon voorzien monster dat een veelheid van punten omvat, omvattende:

het schatten van een affiene transformatie van het beeld;

het verscherpen van het beeld; en

het herhalend zoeken naar een optimale set correctiecoëfficiënten voor distorsie voor 

het verscherpte beeld, waarbij het herhalend zoeken naarde optimale set 

correctiecoëfficiënten voor distorsie voor het verscherpte beeld omvat het berekenen 

van een gemiddelde zuiverheid vooreen veelheid van puntlocaties in het beeld, en 

waarbij de geschatte affiene transformatie wordt toegepast gedurende elke herhaling 

van het zoeken.

8. Werkwijze volgens conclusie 7, waarbij het beeld een eerste beelddataset omvat die 

overeenkomt met een eerste kleurkanaal en een tweede beelddataset die overeenkomt 

met een tweede kleurkanaal, en waarbij de handelingen van het schatten van de 

affiene transformatie en het verscherpen van het beeld worden toegepast op elk van de 

eerste beelddataset en de tweede beelddataset.

9. Werkwijze volgens conclusie 7, waarbij het herhalend zoeken naar een optimale set 

correctiecoëfficiënten voor distorsie voor het verscherpte beeld omvat:

het genereren van een set optische correctiecoëfficiënten voor distorsie voor het beeld; 

het toepassen van de geschatte affiene transformatie op de veelheid van puntlocaties 
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in het beeld; en

na het toepassen van de geschatte affiene transformatie, het toepassen van de set 

optische correctiecoëfficiënten voor distorsie op elk van de veelheid van puntlocaties;

10. Werkwijze volgens conclusie 6, verder omvattende: na het toepassen van de set 

correctiecoëfficiënten voor optische distorsie op elk van de veelheid van puntlocaties, 

het extraheren van een signaalsterkte voor elk van de veelheid van puntlocaties.

11. Werkwijze volgens conclusie 7, verder omvattende:

het normaliseren van de geëxtraheerde signaalsterktes; en

het berekenen van een gemiddelde zuiverheid voor de veelheid van puntlocaties met 

behulp van ten minste de genormaliseerde signaalsterktes.

12. Werkwijze volgens conclusie 11, waarbij het berekenen van een gemiddelde zuiverheid 

voorde veelheid van puntlocaties met behulp van ten minste de genormaliseerde 

signaalsterktes omvat: voor elk van de veelheid van puntlocaties het bepalen van een 

zuiverheid met behulp van ten minste een afstand vanaf een punt dat overeenkomt met 

de genormaliseerde signaalsterkte van de puntlocatie tot een zwaartepunt van Gauss.

13. Werkwijze volgens conclusie 7, waarbij het herhalend zoeken naar een optimale set 

correctiecoëfficiënten voor distorsie voor het verscherpte beeld het nemen van een 

submonster omvat van een veelheid van punten in het beeld, waarbij als van een punt 

in een rij van het verscherpte beeld een submonster wordt genomen, vervolgens van 

alle punten in de rij van het verscherpte beeld een submonster wordt genomen.

14. Permanent machinaal leesbaar medium met daarop instructies opgeslagen die, 

wanneer uitgevoerd door een of meer processors, ervoor zorgen dat een systeem: 

een affiene transformatie van een beeld schat, waarbij het beeld een beeld is van een 

van een patroon voorzien monster omvattende een veelheid van punten;

het beeld verscherpt; en

herhalend zoekt naar een optimale set correctiecoëfficiënten voor distorsie voor het 

verscherpte beeld, waarbij het herhalend zoeken naar de optimale set 

correctiecoëfficiënten voor distorsie voor het verscherpte beeld het berekenen omvat 

van een gemiddelde zuiverheid vooreen veelheid van puntlocaties in het beeld, en 

waarbij de geschatte affiene transformatie wordt toegepast tijdens elke herhaling van 

het zoeken.

15. Permanent machinaal leesbaar medium volgens conclusie 14, waarbij het beeld een 
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eerste beelddataset omvat die overeenkomt met een eerste kleurkanaal en een tweede 

beelddataset die overeenkomt met een tweede kleurkanaal, en waarbij de handelingen 

van het schatten van de affiene transformatie en het verscherpen van het beeld worden 

toegepast op elk van de eerste beelddataset en de tweede beelddataset.

16. Permanent machinaal leesbaar medium volgens conclusie 14, waarbij het herhalend 

zoeken naar een optimale set correctiecoëfficiënten voor distorsie voor het verscherpte 

beeld omvat:

het genereren van een set optische correctiecoëfficiënten voor distorsie voor het beeld; 

het toepassen van de geschatte affiene transformatie op de veelheid van puntlocaties 

in het beeld; en 

na het toepassen van de geschatte affiene transformatie, het toepassen van de set 

correctiecoëfficiënten voor optische distorsie op elk van de veelheid van puntlocaties.

17. Permanent machinaal leesbaar medium volgens conclusie 16, waarbij de instructies, 

wanneer uitgevoerd door de een of meer processors, er verder voor zorgen dat het 

systeem:

de set optische correctiecoëfficiënten voor distorsie toepast op elk van de veelheid van 

puntlocaties; en

een signaalsterkte extraheert voor elk van de veelheid van puntlocaties.

18. Permanent machinaal leesbaar medium volgens conclusie 17, waarbij de instructies, 

wanneer uitgevoerd door de een of meer processors, er verder voorzorgen dat het 

systeem:

de geëxtraheerde signaalsterktes normaliseert; en 

een gemiddelde zuiverheid berekent voor de veelheid van puntlocaties met behulp van 

ten minste de genormaliseerde signaalsterktes.

19. Permanent machinaal leesbaar medium volgens conclusie 18, waarbij het berekenen 

van een gemiddelde zuiverheid voorde veelheid van puntlocaties met behulp van ten 

minste de genormaliseerde signaalsterktes omvat: het bepalen van een zuiverheid voor 

elk van de veelheid van puntlocaties met behulp van ten minste een afstand vanaf een 

punt dat overeenkomt met de genormaliseerde signaalsterkte van de puntlocatie tot 

een zwaartepunt van Gauss.

20. Permanent machinaal leesbaar medium volgens conclusie 18, waarbij elk van de 

veelheid van punten van het van een patroon voorzien monster fluorescent gelabelde 

nucleïnezuren omvat.
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ABSTRACT

Techniques are described for dynamically correcting image distortion during imaging 

of a patterned sample having repeating spots. Different sets of image distortion correction 

coefficients may be calculated for different regions of a sample during a first imaging cycle 

5 of a multicycle imaging run and subsequently applied in real time to image data generated 

during subsequent cycles. In one implementation, image distortion correction coefficients 

may be calculated for an image of a patterned sample having repeated spots by: estimating 

an affine transform of the image; sharpening the image; and iteratively searching for an 

optimal set of distortion correction coefficients for the sharpened image, where iteratively 

10 searching for the optimal set of distortion correction coefficients for the sharpened image 

includes calculating a mean chastity for spot locations in the image, and where the 

estimated affine transform is applied during each iteration of the search.

2018852
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NL2018852WRITTEN OPINION

1, This opinion lias been established on the basis of the Safest set of claims fiied before the start of the search.

2. With regard to any nucleotide andtor amino acid sequence disclosed in the application and ne< essaty to the 
claimed invention, this opinion has been established on the basis of:

a. type of material:

□ a sequence feting

□ tabie(s) related to the sequence listing

b. format of material:

□ on paper

O in electronic form

C. time of fiiing.furn ishing:

□ contained in the application as fiied.

□ filed together with the application in eteotronic form.

□ furnished subsequently for the purposes of search.

3. □ in addition, in the case that more than one version or copy of a sequence listing and,hr table relating thereto 
has been fiied or furnished, the required statements that the information in the subsequent or additional 
copies is identical to that in the application as hied or does not go beyond the application as filed, as 
appropriate, were furnished.

4. Additional comments:

Box No, V Reasoned statement with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement

i. Statement

Novelty res. Claims 
No: Claims

1-20

inventive step Yes Claims
No: Claims

1 20

i hdustrial applicability Yes. Claims
Nd: Claims

1 20

2. Citations and explanations

see separate sheet
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Re Item V

Reasoned statement with regard to novelty, inventive step or industrial applica­
bility; citations and explanationssupporting such statfement

Reference is made to the foliowing document:
DI US 2011/081098 A1 (CHO SEONG-HO [KR] ET AL) 7 april 2011

(2011-04-07)

D2 US 6 671 423 81 (FUJIMOTO IKUMATSU [JP] ET AL) 30 december
2003 (2003-12-30)

1 The feature 'het berekenen van een set correctiecoëfficiënten voor beeiddis- 
torsie voor elk van de eerste veelheid van subsets van beeldgegevens’ used 
in claim 1 is vague and unclear and leaves the reader in doubt as to the mea­
ning of the technical feature to which it refers, since said feature lacks any de­
finition how said correction coefficients for image distortion are calculated for 
each image subset, thereby rendering the definition of the subject-matter of 
said c!aim unclear.

2 Indeed it is clear from fig 4. step 450 and related text of the application as filed 
that said feature is defined in fig 6 and related text. Any other manner of cal­
culating the correction coefficients for image distortion is not disclosed in the 
application as filed. Therefore the features of figure 6 are considered to form 
features essential for the definition of subject matter of claim 1. Since inde­
pendent claim 1 does not contain this feature it does not meet the require­
ment of clarity that any independent claim must contain ail the technical featu­
res essential to the definition of the invention.

3 It is clear from the description in paragraphs 76 to 78 that feature 'an affine 
transform is estimated for the image using image fiducials1 is essential to the 
definition of the invention. Presently, it is not clear from the definition used in 
claim 7 on which basis said affine transformation is estimated, is she transfor­
mation estimated on basis of the image spots 443 or on the basis of fiducials 
510. Indeed only the that last possibility appears to make disclosed in the ap­
plication as filed.

4 Since independent cialm 7 does not contain this feature it does not meet th*» 
requirement of clarity that any independent ciaim must contain all the techni 
cal features essential to the definition of the invention.

I S>i " '7 ’ I 68’i 1
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5 The term ’mean chastity* resp. 'gemiddelde zuiverheid' used in claim 7 is va­
gue and unclear and leaves the reader in doubt as to the meaning of the 
technical feature to which it refers, since it not clear how said parameter is 
calculated, thereby rendering the definition of the subject-matter of said claim 
unclear.

6 The same objections apply mutatis mutandis to the subject-matter of claim 
14,

7 Consequently, although claims 1 and 7 have been drafted as separate inde­
pendent claims, they presently appear to relate effectively to the same sub­
ject-matter and to differ from each other only with regard to the definition of 
the subject-matter for which protection is sought and/or in respect of the ter­
minology used for the features of that subject-matter. The aforementioned 
claims therefore appear to lack conciseness. Presently, claim 1 is considered 
to comprises all the features of claim 7 and Is therefore not appropriately for­
mulated as a claim dependent on the latter.

8 The subject-matter described in paragraphs 95 to 102 and related figures 11 
to 13 does not fall within the scope of the claims. This inconsistency between 
the claims and the description leads to doubt concerning the matter for which 
protection is sought, thereby rendering the claims unclear.

9 The document D1 which is presently considered to represent the closest prior 
art discloses in figure 6 and related text in (paragraph [0060] - paragraph 
[0066]) 'Werkwijze, omvattende:
het uitvoeren van een eerste beeldvormende cycius van een van een patroon 
voorzien monster, omvattende een veelheid van punten (§§ 63,64 and 46 to 
48);
het verdelen van een eerste set beeldgegevens gegenereerd tijdens de eer­
ste beeldvormende cyclus, In een eerste veelheid subsets van beeldgege­
vens, waarbij elk van de eerste veelheid van subsets van beeldgegevens 
overeenkomt met een respectief gebied van het van een patroon voorzien 
monster, waarbij elk van de respectieve gebieden van het van een patroon 
voorzien monster een veelheid van punten omvat (at least implied by the the 
two last sentences of § 46) ;
het berekenen van een set correctiecoëfficiënten voor beeiddistorsie voor eik 
van de eerste veelheid van subsets van beeldgegevens (see fig 6, S3, S4):

v€JGi'-zf©n-m0nst-ef-om-eGn-tweede-set-beeldgegev-eft&-te-gener-ö+-ea-;--en-het 
verdelen van de tweede set beeldgegevens gegenereerd tijdens de tweede 
beefovoTmende--ey<4!:is---«'i---ee-R--tweeGle--veelhei4--viaw---ei4beet8--v-a^-beeidgege-
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avereenkomt.mat.hetzelfde-raspeGtteve· gebied-van-hetvanean-patroon-voor- 
2(04-410^06^10-064-^06-00--601=010-^601116^^40-00^3615-^0441661^6^6^405 
en
vee^elk-vafr^ertweede^teelheid-vaa-aybeetsww-beetdgegevefta, het toepas- 
sen van de correctiecoëfflciënten voor distorsie berekend voor de een van de 
eerste veelheid van subsets van beeidgegevens éie-6¥6feenkeme4-faet-hel·-

het van een patroon voorzien monster (see fig.

10

11

10

11

12

13

14

12

13

14

6, S5).

The subject-matter of ciaim 1 appears therefore to be novel.

The subject-matter of claim 1 therefore differs from this known method by the 
features crossed out above, namely 'het uitvoeren van een tweede beeldvor­
mende cyclus van het van een patroon voorzien monster om een tweede sei 
beeidgegevens te genereren ; enhet verdelen van de tweede set beeidgege­
vens gegenereerd tijdens de tweede beeldvormende cyclus in een tweede 
veelheid van subsets van beeidgegevens, waarbij elk van de tweede veelheid 
van subsets van beeidgegevens overeenkomt met hetzelfde respectieve ge­
bied van het van een patroon voorzien monster als een van de eerste veel­
heid van subsets van beeidgegevens; envoor elk van de tweede veelheid van 
subsets van beeidgegevens, het toepassen van de correcliecoëfficiënten voor 
distorsie berekend voor de een van de eerste veelheid van subsets van 
beeidgegevens die overeenkomen met hetzelfde respectieve gebied van het 
van een patroon voorzien monster'.

Said distinguishing features would allow to dynamically correcting image dis­
tortion during an imaging run (e.g., a sequencing run), thereby improving data 
throughput and reducing the error rate during the imaging run as indicated in 
the last sentence of paragraph 66 of the application as filed, if the the subject­
matter of claim 1 would be amended indicated above to overcame the clarity 
objection.

The problem to be solved by the present invention may therefore be regarded 
as how to improve the reliability and the data throughput of the the method 
known from D1 further.

The solution to this problem proposed in claim 1 amended to overcome the 
clarity objection would be considered as involving an inventive step for the fol­
lowing reasons:

Form /separate sh^eti (July 2ϋύ5> (sheet 3)
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15 The distinguishing features do not appear to be either know or rendered ob­
vious by the document D2, which relates to distortion correction by employing 
an iterative calculation of affine transformation combined with a spatial divisi­
on of the image depending on a tolerance of an positional error.

16 The document D1 is regarded as being the prior art closest to the subject- 
matter of claim 7, and shows in figure 6 and related text in (paragraph [0060] - 
paragraph [0066]) ’werkwijze voor het corrigeren van optische distorsie in een 
beeld van een van een patroon voorzien monster dat een veelheid van pun­
ten omvat omvattende :
het schatten van een afftene transformatie van het beeld;

en
hei herhalend zoeken naar een optimale set correctiecoëfficiënien vooi dis­
torsie voor het verscherpte beeld, waarbi-j-het-ner-haler4d-zoeke»-naai-de-opt+-

t©egepasHï®elw^Aeie-elk^^

17 The subject-matter of claim 7 therefore differs from this known method by the 
features crossed out above. The subject-matter of claim 7 appears therefore 
to be novel,

18 The use of the first distinguish feature, namley use of affine transformation in 
estimation to determine optimized distortion correction coefficient appear 
however to be a standard design feature belonging to the routine measure for 
a person skilled in image processing (see for example document D2, kolom 1, 
regel 8 - regel 38; kolom 2. regel 17 - regel 21; kolom 9, regel 14 - regel 28i

19 Therefore the remaining distinghuishing feature would allow to dynamically 
correcting image distortion during an imaging run (e.g., a sequencing run), 
thereby improving data throughput and reducing the error rate during the ima­
ging run as indicated in the last sentence of paragraph 66 of the application 
as filed, if the the subject-matter of claim 7 would be amended indicated abo­
ve to overcame the clarity objection.

20 The problem to be solved by the present invention may therefore be regarded 
as how to improve the reliability and the efficiency of the the method known 
from D1 further.

21 The solution to this problem proposed in claim 7 amended to overcome the 
clarity objection would be considered as involving an inventive step for the fol­
lowing reasons:

NL237-3 'separiK® sfieet'j (July 2ϋύ5> (sheet 4Y



WRITTEN OPINION
(SEPARATE SHEET)

Application number

NL2018852

22 The remaining distinguishing features de not appear to be either know or ren­
dered obvious by the document D2, which relates to distortion correction by 
employing an iterative calculation of affine transformation combined with a 
spatial division of the image depending on a tolerance of an positional error.

23 A similar reasoning would apply to the subject-matter of claim 14 amended to 
overcome the above clarity objections.

24 Claims 2 to 6, 8 to 13 and 15 to 20 are dependent on claims 1,7 respectively 
14 and would as such also meet(s) the requirements of novelty and inventive 
step, if the independent claims from which they depend would be clarified as 
indicated above.

25 The relevant background art disclosed in documents D1 and D2 is not menti­
oned in the description, nor are these documents identified therein.

26 Independent claims 1, 7 and 8 are not in the two-part form, which in the pre­
sent case would be appropriate, with those Features known in combination 
from the prior art (see Document D1 as indicated above) being placed in the 
preamble and the remaining features being included in the characterising 
part,

27 The features of ciaims are not provided with reference signs placed in paren­
theses.

i Sn " '7 ’ e«’i


