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Background Bl POLYSTYRENE FOAM HAILPAD Methods
Hailpad networks are widely (s The U-Net architecture is adapted here for
used as a simple and low- instance segmentation through point-based

cost approach to in-situ + 61 " querying to isolate individual dents. The
hailstone measurement by IS R AR . = hailpad (H) is first laser-scanned to produce
Capturing indentations made Example of o= e i I g grg] 3 depth map (E), Wh|Ch iS binarized USing

mounted hailpad.

E-H (manually prescribed). A point query
selection algorithm (B) identifies pixel
locations for segmentation, after which a
U-Net model processes the binary mask
and point inputs (J). Erroneous predictions

during severe convective
storms.’ However, the subsequent process
of analyzing these indentations is often time-
intensive and subjective.

Objectives - are removed using DBSCAN clustering. For
» Establish a novel automated hailpad CLAHEZ (ACCENTUATES LOCAL each filtered dent, a minimal-area ellipse is
analysis pipeline that employs image CONTRAST OF SHALLOWER DENTS) fitted, and the maximum depth is retrieved

from the darkest pixel in the depth map.
Pixel measurements are converted to
millimetres using the hailpad’s dimensions
and maximum surface depth, such that dent

measurements are expressed in physical

| | PY ADAPTIVE THRESHOLDING (SEPARATES units.
* Reduce the time required to analyze a DENTS FROM BACKGROUND)

hailpad from hours to minutes.

processing and machine learning
techniques to threshold, segment, and
measure the axes and maximum depths
of dents from 3D hailpad scans with
limited manual intervention.

Data

Hailpads are scanned using a Creaform
MetraSCAN BLACK+ Elite 3D handheld
laser scanner and a C-Track optical tracker.

B EROSION-DILATION AND AREA
FILTERING (REMOVE NOISE)
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2-Channel Input with Hailpad Binary Mask (A) and Point Query (B) Single-Channel Output
with Target Dent Binary

Access to real, labelled hailpads is a
considerable limitation that arises In
constructing a large and varied dataset
required for a performant machine learning
model. As such, the datasets are instead
composed of synthetic hailpad binary masks
that can easily be generated and labelled en
masse.

Input and output structure for U-net instance segmentation model. The input
iImage consists of 2 channels, where the first channel (A) is the synthetic hailpad
binary mask, and the second channel (B) is a single pixel value representing the
point query. In the output image (C), only the target dent binary mask
corresponding to the point query is shown.

[ POINT QUERY SELECTION

Results

* With 1,635,000 synthetic point-mask
samples (90% training; 10% validation),
the U-Net model achieved a validation

accuracy (loU) score of 93.70% and

REFINED DENT PREDICTIONS 0.9652 Dice on predicted dents.

For training and validation sets, 5 categories of synthetic hailpads FROLM‘ POINT QUERIES - . A | d i 1 6 Alb 1 h | d 2 02 2
encompass the varying hailpad dent distributions observed in Northern Hail pplied 1o erta nallpads ( o

Project field deployments. They vary along the following parameters: e e R SR 2024) it detected more individual dents

* Diameter range. s : , : :

» Axis variation (v). The maximum possible reduction in the minor axis a | by separating clustered Impacts.

relative to the major axis b, where a = b(1 - vx), x ~ U(0, 1). _
* Distribution (uniform or exponential). | ° Thlrd-party methods (Iaboratory that
» Dent, sample, and hailpad counts. SpeCiaIizeS in high-precision, general-
| o PR 1> s o purpose 3D object scanning) merged

Ea_ch genjrated Qent e'(;' %Se IS Cilst[?qrted | w-»"* ‘_“‘* 3 %§ ,.q‘;i‘j clusters into fewer dents, while the U-Net
E_S'ng rar (:(m no(ljsde_t.an t rtawn o the Ta'n i - gave finer detail but sometimes

inary masx in addiion 1o 1ts own masx, B overestimated depth.
unless it is fully enclosed by another dent. I |
In such a case, it is removed entirely to k 2 | Both methods struggle with small or
avoid generating misleading training Automated U-Net model pipeline analysis of a densely- shallow den.ts lost durmg thresholdlng or
Samples that Suggest 3 Separate dent dented (saturated) lhallpad (left) ag_alngt automated, dgwnsamphng_

: D _ _ general-purpose third-party analysis (right).
exists within a single continuous dent.
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