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2 eliminate_small_areas

criterion_1 Determining optimal threshold by criterion 1

Description

Estimates the optimal threshold using criterion 1.

Usage

criterion_1(predmean_mat, delta = .01, nugget = TRUE)

Arguments

predmean_mat Predictive mean matrix of image

delta Step size for percentages to be tested for criterion 1; default is 0.01
nugget boolean to estimate nugget in robust GaSP model; default is TRUE
Value

Returns a list containing:

thresholded_image

Binary matrix after applying optimal threshold
pixel_counts Sum of foreground pixels detected for each percentage threshold
diff_pixel_counts

Absolute difference in binary matrix between consecutive percentage thresholds
grad_mag Gradient magnitude.
estimated_percentage

Estimated optimal threshold by criterion 1

eliminate_small_areas Eliminating Noise and Small Foreign Object Masks from Cell Mask
Matrix

Description

Filters object masks from from noise or foreign objects that are significantly smaller than the es-
timated cell size. All objects smaller than a certain threshold based on the mean mask size are
removed.

Usage

eliminate_small_areas(
GP_masks,
middle_threshold =
boundary_threshold
)

0.15,
= 0.05
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Arguments

GP_masks Cell mask matrix
middle_threshold
Size threshold for filtering objects not touching the image boundary (removes
anything smaller than threshold * mean mask size); default is 0.15
boundary_threshold
Size threshold for filtering objects touching the image boundary (removes any-
thing smaller than threshold * mean mask size); default is 0.05

Value

Returns a cell mask matrix with masks from small foreign objects or noise removed

generate_GP_Masks Generate cell masks by fast Gaussian processes

Description

Generates object masks for cell microscopy images using fast Gaussian processes for smoothing, a
data-driven threshold for foreground/background segmentation, and watershed for separating touch-
ing cell objects. Note that this function divides the original image into sections for more robust
processing.

Usage

generate_GP_Masks(
file_path,
delta = 0.01,
nugget = TRUE,
middle_threshold = 0.15,
boundary_threshold = 0.05,
compress_output = FALSE,
return_gradient = FALSE,

seed = NULL
)
Arguments
file_path File path for cell image to segment
delta Step size for percentages to be tested for criterion 1 (default is 0.01)
nugget Nugget boolean for rgasp()

middle_threshold
Size threshold for filtering object masks not touching the image boundary (re-
moves anything smaller than threshold * mean mask size); default is 0.15



generate_ GP_Masks

boundary_threshold
Size threshold for filtering object masks touching the image boundary (removes
anything smaller than threshold * mean mask size); default is 0.05
compress_output

Determines if binary and cell mask results should be represented in matrix
(FALSE) or list (TRUE) form; default is FALSE

return_gradient

Returns vertical, horizontal, and magnitude gradients for predictive mean if
TRUE; default is FALSE

seed Seed for reproducibility (default is NULL)

Value

Returns a list containing:

ori_images Original version of sectioned image

processed_images
Predictive mean for each image section

gradients Vertical, horizontal, and magnitude gradients for predictive mean if return_gradient
is TRUE

crit_1_opt_thresholds
Optimal threshold by criterion 1 for each image section

connected_parts_count

Number of unique objects for each image section after thresholding before wa-
tershed

outliers IDs for thresholded image section that contains unusually large object counts

combined_predmean
Predictive mean matrix for entire image

combined_thresholded1

Binary matrix for entire image before watershed

GP_masks Cell masks for entire image after thresholding binary matrix, with each cell mask
having a unique ID

Examples

# Example: Segmentation of JPEG nuclear channel image
img_path <- system.file("extdata"”, "example_cells_small.jpg", package = "FastSegmentation")
gp_masks_result <- generate_GP_Masks(img_path)
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get_proportion Dynamically determine row and column proportions

Description

Decides how many sections the original image should be split into before processing. A target sub-
image size can be specified, and this function will return how many divisions should be made in
one dimension.

Usage

get_proportion(size, target_min = 200, target_max = 400)

Arguments
size Row or column length
target_min Minimum sub-image size; default is 200
target_max Maximum sub-image size; default is 400
Value

Fraction that image section should take up of dimension; if no suitable fraction is determined, 1/4
is selected by default

matrix_which Get coordinate information for matrices

Description
Compresses matrix outputs into a data frame containing coordinates for each value. This is used for
compressing the binary and cell mask outputs in the generate_ GP_Masks function.

Usage

matrix_which(mat)

Arguments

mat Numeric matrix

Value

Data frame containing each 2D coordinate and corresponding value



6 predict_separable_ GP

predict_separable_GP  Generating predictive mean from image matrix

Description

Generates the predictive mean for an image matrix using a Gaussian process.

Usage

predict_separable_GP(output_mat, parameters, seed = NULL)

Arguments
output_mat Image matrix
parameters Range and nugget parameters estimated using separable_GP_param_est()
seed Seed for reproducibility (default is NULL)

Value

Returns a list containing:

predmean_mat Predictive mean matrix
gradi Horizontal gradient
grad2 Vertical gradient
grad_magnitude Gradient magnitude

param Gaussian parameters

Examples

# File path to TIF, PNG, or JPEG image

library(magick)

img_path <- system.file("extdata”, "example_cells.jpg", package = "FastSegmentation”)
img <- image_read(img_path)

img_matrix <- as.numeric(img[[11]1)[1:100,1:100,1]

# GP parameter estimation
img_gp_parameters <- separable_GP_param_est(img_matrix)

# Predictive mean and gradient calculation
predmean_results <- predict_separable_GP(img_matrix, img_gp_parameters$param)
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separable_GP_param_est
Estimate nugget and range parameters for predictive mean of an im-
age matrix

Description
Estimates the nugget and range parameters of the Gaussian process for constructing the predictive
mean of the segmented paper via Eigendecomposition.

Usage

separable_GP_param_est (output_mat, seed = NULL)

Arguments

output_mat Image matrix

seed Seed for reproducibility (default is NULL)
Value

Returns a list containing the range and nugget parameters

threshold_image Setting a threshold to create a binary image matrix

Description
Sets a threshold based on quantile of pixel value to create a binary image matrix, where foreground
pixels correspond with cell objects.

Usage

threshold_image(mat, percentage, count = TRUE)

Arguments
mat Image matrix
percentage Percentage cutoff for foreground and background pixels (estimated using criterion_1())
count Boolean to calculate sum of foreground pixels after thresholding; default is
TRUE
Value

Returns either the sum of foreground pixels (when count is TRUE) or the binary matrix after thresh-
olding (when count is FALSE)
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