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Project Goal

The goal of this project was to build a
web app that makes shape analysis
techniques implemented in geomstats
and similar projects accessible to non-

technical users
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def exhaustive_align(curve, base_curve):

nb_sampling = len(curve)
distances = gs.zeros(nb_sampling)
base_curve = gs.array(base_curve)
for shift in range(nb_sampling):

reparametrized = [curve[(i + shift) % nb_sampling] for i in range(nb_sampling)]

aligned = PRESHAPE_SPACE.fiber_bundle.align(
point=gs.array(reparametrized), base_point=base_curve
)
distances[shift] = PRESHAPE_SPACE.embedding_space.metric.norm(
gs.array(aligned) - gs.array(base_curve)
)
shift_min = gs.argmin(distances)
reparametrized_min = [
curve[ (i + shift_min) % nb_sampling] for i in range(nb_sampling)
]
aligned_curve = PRESHAPE_SPACE.fiber_bundle.align(
point=gs.array(reparametrized_min), base_point=base_curve
)

return aligned_curve

def preprocess(
cells,
labels_a,
labels_b,
n_cells,
n_sampling_points,
quotient=["scaling", "rotation"],

if n_cells > 0O:

print(f"... Selecting only a random subset of {n_cells} / {len(cells)} cells.")

indices = sorted(

np.random.choice(gs.arange(0, len(cells), 1), size=n_cells, replace=False)

)

cells = [cells[idx] for idx in indices]
labels_a = [labels_a[idx] for idx in indices]
labels_b = [labels_b[idx] for idx in indices]

if n_sampling_points > 0:
print(
"... Interpolating: "
f"Cell boundaries have {n_sampling_points} samplings points."
)
interpolated_cells = gs.zeros((n_cells, n_sampling_points, 2))
for i_cell, cell in enumerate(cells):
interpolated_cells[i_cell] = _interpolate(cell, n_sampling_points)

cells = interpolated_cells

print("... Removing potential duplicate sampling points on cell boundaries.")
for i_cell, cell in enumerate(cells):
cells[i_cell] = _remove_consecutive_duplicates(cell)

print("\n- Cells: quotienting translation.")
cells = cells - gs.mean(cells, axis=-2)[..., None, :]

cell_shapes = gs.zeros_like(cells)
if "scaling" in quotient:
print("- Cell shapes: quotienting scaling (length).")
for i_cell, cell in enumerate(cells):
cell_shapes[i_cell] = cell / basic.perimeter(cell)

if "rotation" in quotient:
print("- Cell shapes: quotienting rotation.")
if "scaling" not in quotient:
for i_cell, cell_shape in enumerate(cells):
cell_shapes[i_cell] = _exhaustive_align(cell_shape, cells[0])
else:
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Data Structure

e Load Data
Accepted Filetypes o 7.
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L et’s Load some data!

e Load Data

Load Your Cell Data .

o Accepted Filetypes: Getting Started

STEP 1: Load Data We currently support an ROI zip folder created by FlJI/ImageJ. What this means is you may have a folder

e TXT/CSV

0G
Outli
) °
. Z I p p e I RO I | I e S rO I I I I I .J I You can simply upload this ROIs folder and we will load your data for you. We plan on supporting data
givenin xy coordinate format from 3son and CSV/TXT files. Your chosen data structure must contain »

and y forthe program to correctly parse and load your data.

Step 1. Select Input Data

e Visualize Loaded Data Cue

Choose an Uploaded File

e |Interactive Visualization for
Sanity Check
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Preprocessing Input Data

e Interpolation

Compute Mean Shape
« Need discrete curves with the same
number of sampled points to Step Zero
compute pairwise distances e o e ool

Analyzing Cell Data

Now we will start analyzing our data. The first step is preprocessing our data, specifically interpolating,

removing duplicates, and quotienting.

e Remove Duplicates

e During interpolation some of the
discrete curves in the dataset are
downsampled from higher number of
discrete data points to lower number

of data points
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Preprocessing

e Projection to Pre-shape Space

« We center (subtract the barycenter),
rescale (divide by the Frobenius norm)
and then align (find the rotation
minimizing the L2 distance) two sets
of landmarks.

e These operations are performed by
leveraging the geometry of the
Kendall preshape spaces
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STEP 2: Compute Mean Shape

Compute Mean Shape

Uploaded data: /app/data/bruh/cells.txt

Step Zero

If you have not already uploaded your data, please s
instructions. The format is important, so please read ca

Analyzing Cell Data

Now we will start analyzing our data. The first step is p
removing duplicates, and quotienting.

Aligning cells to the reference cell.

elect the Load Data page and follow the
refully.

reprocessing our data, specifically interpolating,
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Preprocessing

e Alignment

Compute Mean Shape

Uploaded data: /app/data/bruh/cells.txt

e Since we are working with closed

Step Zero

curves, the starting point associated
with the parametrization of the Analyzing Cell Data

[ ) [ ] [ )
d I S C rete C u rve S I S a | S O a r b I t ra r Now we will start analyzing our data. The first step is preprocessing our data, specifically interpolating,
y. removing duplicates, and quotienting.

« We conduct an exhaustive search to
find which parametrization produces
the best alignment according to the
above procedure (i.e. the distance to
the base curve is the smallest)

Aligning cells to the reference cell.
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Geodesic Trajectory

Amil Khan, Samuel Feinstein, Adele Myers, Wanxin Li, Ashok Prasad, Khanh Dao Duc, Nina Miolane

e Elastic Metric
i Compute Mean Shape
« Compute geodesics between

discrete curves with respect to step Zero
: Compute Mean Shape If you have not already uploaded your data, please select the Load Data page and follow the
° ° instructions. The format is important, so please read carefull
the elastic metric

Analyzing Cell Data

e These geodesics represent
trajectories between cell
boundaries that minimize an
elastic energy, and the length of
the geodesic defines a distance
between curves

INTRODUCING GELLGEOMETRY



PAGE 3

Pairwise Controlled Manifold Approximation

Amil Khan, Samuel Feinstein, Adele Myers, Wanxin Li, Ashok Prasad, Khanh Dao Duc, Nina Miolane

« PACMAP

Dimension Reduction using PACMAP

°
o After computing the mean
e . PaCMAP (Pairwise Controlled Manifold Approximation) is a dimensionality reduction method that can be
5L LE Segments on
~ = used for visualization, preserving both local and global structure of the data in original space
sha PE click on PACMAP on the & o R s
4 STEP 3: PACMAP
|

Number of Components  Number of Neighbors

e Visualization of PACMAP

e« We visualize the first 3
components, plot is
automatically updated when
params are changed
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3D Cell Segmentation

Segmentation, tracking, and sub-cellular feature extraction
in 3D time-lapse images

Junction of 3 Cell Wallls
Outer Periclinal Wall
Time 1
Outer Periclinal Wall Anticlinal Wall

Anticlinal Wall

Segment Middle Lamella

Lobe Event

STEP 1. STEP 2. STEP 3. STEP 4.
Deep Feature Based Adjacency Graph Adjacency Graph Quantitative Time-lapse

Rotation Equivariance Based Feature Based Cell Tracking Cell Analysis
Segmentation with Extraction

CRF Refinement

Time N

Jiang, J., Khan, A., Shailja, S. et al. Segmentation, tracking, and sub-cellular feature extraction in 3D time-lapse images. Sci Rep 13, 3483 (2023). https: //doi.org/10.1038/s41598-023-29149-z
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Cell Segmentation

STEP 1

3D Watershed for
Segmentation Map

Rotation Equivariant

3D U-NET CRF Refinement

Read the Paper

30 CELL SEGMENTATION

1 x 512 x 512 x 16

Rotation Equivariance Convolution

Rotate O, 90, 180, 270 degrees

=

1 of 6 Faces

24

Group of 24 Feature Maps

; 24 x 512 x 512 x 16

Ei 48 x 256 x 256 x 8

D 96 x 128 x 128 x 4

D 192 x 64 x 64 x 2

Max Pool Convolution Group Norm

(2 x2x2) 3

-

Max Pool Convolutlon Group Norm

(2 x2x2) 3

1 x 512 x 512 x 16

NORMAL CONVOLUTION

24 x 512 x 512 x 16
©
48 x 256 x 256 x 8 U

©
96 x 128 x 128 x 4 U

©
M 2
10|

384 x 32 x 32 x 1

L

9 33 8 UPSAMPLE

192 x 62 x 64 x 2
(1 x 1 x 1) CONVOLUTION

384 x 32 x 32 x 1

L

1 x 512 x 512 x 16

Jiang, J., Khan, A., Shailja, S. et al. Segmentation, tracking, and sub-cellular feature extraction in 3D time-lapse images. Sci Rep 13, 3483 (2023). https://doi.org/10.1038/s41598-023-29149-z
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Calculating Cell Shape Modes

orosm o™ oot — ok « Computing Single cell features, i.e. compute the
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e Pipeline Steps
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Hackathon!

A web application for Cell Shape Analysis
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