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Why? - Importance of Corals and Individual Corallites

r"'-"'--' g —

- N
S

outer

nematocyst epidermis

tentacle —£o" /

f'/
P !
i )
N

.

digestive
filament
stomach

gastrodermis

coenosarc p

B L :A-m o

ICPR | 1t CVBMC Workshop | 21.08.2026



2D uCT slice

- -
F I I ) Novel Dataset + Annotations . astruction of ¢q,.
a p e C o n t I b u t I o n s lopologicatEEs Ay, ‘eofmdwidualcorau,-:%lo,,
! L 0 A T

.'/ . ‘

— . «
(s ' 3D N

Data se

sp. coral

of Porites
colony

local
shippet
Sx 244x244

\\S\ ‘_ .n. " :
\:\\Q\}.\ \ l't'; ‘l/////ﬁ"f"““:ﬂ
SN §\ WA
o\‘\‘.\:‘& \\ \ " ,/‘l.“‘ .l", N o
A T
RN NS NG
N

e

. . Ay L Y L
RN AT
SRS ERRENED R

SN EA e o N
y et Y N T iTre 30.' 2
T ‘,"",'l,'fl.‘,\".' ] e =
. RN P II N AN 3 fe "
.

" s‘ ‘&w‘lﬁ‘\\,\: A

Transformer

.

NN Encoder Context Module ViTEncoder DCNN Decoder

2) Volumetric Segmentation (adanted Trans-UNet Pineline)  3) Corallite Reconstruction
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Best: 0.96 _

- Best: 0.96 - -~

0.1xT + GN Train
0.1xT + GN Validation
1xT + GN Train

1xT + GN Validation
10xT + GN Train

TaSk A_ Task B | TaSk C . 10xT + GN Validation

(same axis) || (same species) || (diff. species)
Naturalis 6781 Naturalis 6781 Astraeiformais
Growth #2499 Ortho #1003

Parameters || mpSC | Topo || mbsc | Topo || mbSC [ Topa
Protramingonly  [wa [ 0008 | 066 || 001 | 075 || 001 | oes

FT [(fine-tined) 0.75 0.93 0.67 0.92 0.6l 0!

Baselines

F1 4+ LTopo : Il 0.76 | 0.94 0.92 0.61 0.87
max tile overlap (k = 50) . 0.77 | 0.94 0.93 0.63 0.87
plus noise augmentation 0.77 0.94 0.93 0.60 0.86

0.77 0.94 0.93 0.63 0.89
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The Dataset ... and associated Evaluation Tasks

697 uCT slices from weak GT slices
3 Porites specimens 2 exact corallite
4 segmented GT slices annotations
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Pipeline Overview

1) Novel Dataset + Annotations
2D uCT slice
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uCT scan
of Porites
sp. coral
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input
tensor shippet
‘ Sx 244x244

Vision
Transformer

CNN Encoder Context Module ViT Encoder DCNN Decoder

2) Volumetric Segmentation (adapted Trans-UNet Pipeline) 3) Corallite Reconstruction
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V-Trans-UNet Architecture

Transformer Block :
/ <€ \ Key

A
MkP 6 Conv \

Layer Norm f Upsample

$< ¥ Downsample
A = Reshape&Conv

MultiHead Att o
A & Multiplicaiton

mrigie™ ) \@ Addition

(features from t)
(64, H, W)

(64, H/2, W/2)

(128, H/4, W/4)

Linear

(256, H/8, W/8)

(1024, H/16, Wj16) Projection

NORMé—é =

(1, H/16, WI186) (1, HI16, WI186) (1, H/16, WI/16)

Temporal Context Module \ /
(512, H/16, W/16)

b) c) d) e)

5x224x224 tiled snippets - ResNet-50 encoder - Temporal Context Module -
12-layer ViT - UNet decoder (centre-slice output)
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Topology-aware Loss

Component Penalty Formulation. Using basic connected-component anal-
ysis on binary annotation and prediction maps via skimage.measure, we ob-
tain the set of predicted regions P and labelled regions L. For each predicted
connected component p € P with area A,, we identify its nearest labelled re-
gion [ € L with area A; and define the component penalty:

Ap— A
De = MIN (|1—E Ap :.1)- (1)

Error Map and Topological Loss Stipulation. Each pixel belonging to
a region p is assigned the corresponding penalty if it does not belong to the
matched ground-truth region [. This yields an error map £(n) that highlights
for each pixel n its contribution towards incorrect corallite connections, false
positive corallites and over-expanded regions (see Figure 5). This map is used
to calculate a topological loss by averaging evidence over all N pixels of a tile

during training as:

1 N
L:T:::-pcn — ﬁ ﬂzl o (g(ﬂ’)) — 0.0. (2)
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Training, Segments, Baselines

» Stage 1 — Pre-train on Naturalis 6785 weak point annotations
| (ImageNet-init ResNet + VIT).

» Stage 2 — Fine-tune on one fully annotated slice (Naturalis 6781
Growth #1279).

* Dense sliding-window tiles (k=50 overlap) - snippet depth D=5 -
Adam Ir 5x107.

» Augmentation: rotation, flips, additive Gaussian noise (best cross-
species config).

* Metrics: mean Dice (mDSC) and topology score TS =1 - L Topo.

Task A Task B Task C

Model (same axis) || (same species) || (diff. species)
Naturalis 6781 || Naturalis 6781 Astraeiformas

Growth #2499 || Ortho #1003
Parameters || mDSC | Topo || mDSC Topo mDSC | Topo

Pre-training only n/a 0.008 0.66 0.01 0.75 0.01 0.68
F'T (fine-tuned) k= 224 0.75 0.93 0.67 0.92 0.61 0.88 90 - ante | T P ES R T D
FT 4+ Lropo 1= 0.01 0.76 0.94 0.70 0.92 0.61 0.87 _ ! E\ B Ov i ¥
max tile overlap (k = 50) T = 0.1 0.77 | 0.94 0.71 0.93 0.63 | 0.87 s 4 K e 8
plus noise augmentation 1'=1 0.77 0.94 0.70 0.93 0.60 | 0.86 @ ; ; ;
’ 10 0.77 0.94 0.70 0.93 0.63 | 0.89 O & ® @
< 0.75 : :
: —— 0.1xT + GN Train
0.70 : —— 0.1xT + GN Validation
: —— 1XT + GN Train
0.65 : — 1XT + GN Validation
! —— 10XT + GN Train
0.60 - 10xT + GN Validation
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Segmentation of Full Colony (//v-through-slices)
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3D Reconstruction from Individual Corallites

Cross-slice linking (centroid + loU) — individual 3D tubes — first colony-scale visualisation
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Summa I'Y ... corallite-level auto-reconstruction from pCT is feasible at colony scale
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Towards Imageomics ... linking polyp division rates to skeletal
growth and environmental change.

paper
dataset
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