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#

# Ground-truth metrics: Dice and clDice

#__

import numpy as np
import vtk
import slicer

from
from

from
from
from

scipy.spatial.distance import dice as diceDissimilarity
scipy.ndimage import label as ndlabel, distance transform edt

skimage.morphology import skeletonize
scipy.ndimage import convolve
scipy.spatial.distance import pdist

# from skan import Skeleton, summarize

# cIDICE from MIT licensed https://github.com/jocpae/clDice

from

clDice.cldice metric.cldice import clDice

# TODO: Look at Pyvane for tortuosity
# License under CollaboratiVessel/Lib/pyvane/LICENSE. txt

# Implemented via claude following an expansion to the DICE and c1DICE metrics
def _
"""Confusion-matrix counts plus derived rates.

confusionStats(pred, gt):

‘gt is the reference. Useful when the prediction over- or
under-segments: precision/recall split tells direction, IoU is a
stricter overlap than Dice, volume ratio is pred/gt size in voxels.

pred = pred.astype(bool, copy=False)
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gt = gt.astype(bool, copy=False)

tp = int(np.logical and(pred, gt).sum())
fp = int(np.logical and(pred, ~gt).sum())
fn = int(np.logical and(~pred, gt).sum())
tn = int(np.logical and(~pred, ~gt).sum())

pn=tp+ fp
gn-=tp + fn
return {
"tp": tp, "fp": fp, "fn": fn, "tn": tn,
"precision": tp / pn if p n > 0 else float("nan"),
"recall": tp / g n if g n > 0 else float("nan"),
"specificity": tn / (tn + fp) if (tn + fp) > 0 else float("nan"),
"iou": tp / (tp + fp + fn) if (tp + fp + fn) > 0 else float("nan"),

"volume ratio": p.n/ gn if g n > 0 else float("nan"),

# Implemented via claude following an expansion to the DICE and c1DICE metrics
def _centerlineStats(mask, mean spacing mm, referenceMask=None):

"""Obtain the statistics of a prediction in vessel length

Skeletonise and return total / per-branch length.

DANGER: assumes (near) isotropic voxels -> in testing they were 6x6x6um

A 'branch' here is a connected component of the 3D skeleton under
26-neighbour connectivity (cheap proxy for centerline segments).
Length is approximated by skeleton voxel count x mean axis spacing

If a referenceMask is provided, returns 'matching length mm':
the length of skeleton voxels that fall inside the reference/GT
Discounts centerline picked up in false-positive
regions — important when comparing methods that over-segment.
out = {"length mm": 0.0, "n branches": 0,
"mean branch length mm": float("nan")}

if referenceMask is not None:

out["matching length mm"] = 0.0
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if not mask.any():
return out
skel = skeletonize(
mask.astype(np.uint8)).astype(bool)
total = float(skel.sum()) * mean spacing mm
_labeled, n = ndlabel(skel,
structure=np.ones((3, 3, 3), dtype=np.uint8))
out["length mm"] = total
out["n branches"] = int(n)
out["mean branch length mm"] = total / n if n > 0 else float("nan")
if referenceMask is not None:
matching = float((skel & referenceMask.astype(bool)).sum()) * mean spacing mm
out["matching length mm"] = matching
return out

perVesselStats(predMask, gtMask, spacing mm):
"""For each connected component in predMask, compute volume, length, and
the list of GT component IDs it overlaps with (the "correspondence").

A predicted vessel "corresponds" to a GT vessel if they share at least
one voxel. The output is a list of GT component IDs per prediction —
one ID for 1:1 match, multiple IDs when the prediction bridges what

GT considers separate vessels, empty list when the prediction is FP.

Args:
predMask: 3D binary array (prediction or threshold result).
gtMask: 3D binary array (ground truth, OR another reference like
thresholding when no GT is available).
spacing mm: (x, y, z) voxel size in mm.

Returns:
List of dicts, one per predMask component:
vessel id, volume voxels, length mm, overlap voxels,
corresponding ids (list of int), n corresponding (int)
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if not predMask.any():
return []

np.array(spacing mm)
float(np.mean(spacing arr))

spacing_arr
mean_spacing

pred labeled, n pred = ndlabel(predMask)
if n pred == 0:
return []

# Label the reference (GT or threshold) so we can identify which reference
# vessel each prediction component overlaps with.
if gtMask is not None and gtMask.any():
gt labeled, @ = ndlabel(gtMask)
else:
gt labeled = np.zeros_like(pred labeled)

# Updated?

# if gtMask is not None and gtMask.any():

# overlap voxels = int((comp mask & gtMask).sum())
# else:

# overlap voxels = 0

# Skeletonize the whole prediction once, then index per component
pred skel = skeletonize(predMask.astype(np.uint8)).astype(bool)

results = []
for vid in range(1l, n pred + 1):
comp mask = (pred labeled == vid)
if not comp mask.any():
continue

comp_skel = comp _mask & pred skel
# NOTE: voxel count x mean spacing for length can undercount

http://localhost:43683/3c48b5b1-61cc-4e42-ac6f-7d3f6¢c3783ee/

5/31/26, 23:48



evaluation.py

50f13

142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
l6l
162
163
lo4
165
166
167
168
169
170
171
172
173
174
175
176
177

H oH H OH R H K

H* H*

HH

# But we are leveraging that all vessels follow a similar profile
# i.e. that there are no huge balls

length _mm = float(comp_skel.sum() * mean spacing)

volume vox = int(comp_mask.sum())

# Which GT (or reference) component IDs does this prediction touch?
overlap vals = gt labeled[comp mask]
gt ids here = overlap vals[overlap vals > 0]

corresponding ids
overlap voxels

results.append({
"vessel id":
"volume voxels":
"length mm":
"overlap voxels":
"corresponding ids":
"n_corresponding":

})

return results

sorted(set(int(x) for x in gt ids here))
int(gt ids here.size)

vid,

volume_vox,

length mm,

overlap voxels,

";".join(str(c) for c in corresponding ids),
len(corresponding ids),

# Based on https://github.com/chcomin/pyvane

# as in https://pubmed.ncbi.nlm.nih.gov/35620183/

# Helped implementation using claude

def perVesselStats(mask, gtMask, spacing mm):
"""For each connected component in “mask’, return per-vessel metrics
using skan for skeleton analysis.

if not mask.any():
return []

labeled, n comp = ndlabel(mask)

if n_comp ==
return []

http://localhost:43683/3c48b5b1-61cc-4e42-ac6f-7d3f6¢c3783ee/
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178

179 # skel = skeletonize(mask.astype(np.uint8)).astype(bool)

180 # dist = distance transform edt(mask, sampling=spacing mm)

181

182 # results = []

183 # for vid in range(1l, n _comp + 1):

184 # comp mask = (labeled == vid)

185 # comp _skel = comp mask & skel

186 # if not comp skel.any():

187 # continue

188

189 # # Use skan for length and tortuosity

190 # try:

191 # sk _obj = Skeleton(comp skel.astype(np.uint8), spacing=spacing mm)
192 # df = summarize(sk obj)

193 # # branch-distance is the path length along the skeleton (mm)

194 # # euclidean-distance is the straight-1line endpoint distance (mm)
195 # total length = float(df["branch-distance"].sum())

196

197 # # Tortuosity averaged across branches, weighted by branch length
198 # tort per branch = df["branch-distance"] / df["euclidean-distance"].replace(0, np.nan)
199

200 # mean_tortuosity = float(

201 # (tort_per _branch * df["branch-distance"]).sum()

202 # / df["branch-distance"].sum()

203 # ) if df["branch-distance"].sum() > 0 else float("nan")

204

205 # except Exception as e:

206 # print(f"Error in vessel length {e}")

207 # # Fallback for single-voxel or degenerate skeletons skan can't handle
208 # total length = float(comp skel.sum() * np.mean(spacing mm))

209 # mean_tortuosity = float("nan")

210

211 # volume vox = int(comp mask.sum())

212 # radii = dist[comp skel]

213 # mean_radius mm = float(np.mean(radii)) if radii.size > 0 else 0.0
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# overlap mask = comp mask & gtMask

# overlap voxels = int(overlap mask.sum())

# gt _overlap length mm = float(

# (comp skel & gtMask).sum() * np.mean(spacing mm))
# results.append({

# "vessel id": vid,

# "length_mm": total length,

# "volume voxels": volume vox,

# "mean_radius mm": mean_radius_mm,

# "overlap voxels": overlap voxels,

# "gt overlap length mm": gt overlap length mm,
# "tortuosity": mean_tortuosity,

# })

# return results

def computeDice(pred, gt):
"""DICE from scipy"""
pred = pred.astype(bool, copy=False)
gt = gt.astype(bool, copy=False)
if not pred.any() and not gt.any():
return 1.0
# scipy returns the Dice dissimilarity (1 - DSC) on flattened bool arrays.
return 1.0 - float( diceDissimilarity(pred.ravel(), gt.ravel()))

# clDICE from Lib
def computeClDice(pred, gt):
pred = pred.astype(bool, copy=False)
gt = gt.astype(bool, copy=False)
# Wrapper for empty or full edge case
if not pred.any() and not gt.any():
return 1.0

http://localhost:43683/3c48b5b1-61cc-4e42-ac6f-7d3f6¢c3783ee/
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if not pred.any() or not gt.any():
return 0.0

result = clDice(pred, gt)

# Catch another empty case

if not np.isfinite(result):
return 0.0

return float(result)

http://localhost:43683/3c48b5b1-61cc-4e42-ac6f-7d3f6¢c3783ee/

# Get the chunk location as encoded in DICOM - necessary because segmentations are
# subregions of the main region due to time limitations
def _chunkOriginInSourceIJK(chunkVolumeNode, sourceVolumeNode):

H oW R OH OH W R H B R H

rasOrigin = chunkVolumeNode.GetOrigin()

m = vtk.vtkMatrix4x4()

sourceVolumeNode.GetRASToIJKMatrix(m)

h = m.MultiplyPoint([rasOrigin[@], rasOrigin[l], rasOrigin[2], 1.0])
return int(round(h[0])), int(round(h[1])), int(round(h[2]))

Evaluation made with assistane from Claude to handle cases:

- Empty chunk

- Dislocated chunk

- Multiple chunks

GT is also trimmed to the size of the prediction to avoid large empty zones

When 'threshold' is provided, three comparisons are produced per chunk:

1) predicted vs GT (the pipeline's output, always computed)

2) threshold vs GT (simple grey-value thresholding baseline)

3) predicted vs threshold (pipeline output against the baseline)

The threshold mask is all points over the greyval thresh for the full volume

def evaluateAgainstChunks(chunkVolumeNodes, sourceVolumeNode,

predictedMask, gt margin=5, threshold=None):
results = []

src_shape predictedMask.shape

5/31/26, 23:48
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# Source array is needed for per-chunk intensity stats (median/std over

# GT region) and for the optional threshold mask.
src_arr = slicer.util.arrayFromVolume(sourceVolumeNode)

if src arr.ndim ==

4:

src_arr = src_ arr[..., 0]

# Build the binary

threshold mask

thresholdMask = None
src_ min = src max = None
if threshold is not None:

thresholdMask =

(src_arr > float(threshold))

src_min = float(src _arr.min())

src_max

float(src_arr.max())
# Shape sanity check: thresholdMask must align with predictedMask

# so the same crop indices apply to both.
if thresholdMask.shape != predictedMask.shape:
thresholdMask = None

# Iterate over multiple chunks, but in practice we do 1 chunk

# Continue used to

skip over empty chunks

for node in chunkVolumeNodes:
arr = slicer.util.arrayFromVolume(node)

if arr.ndim ==
arr
gt full

(arr

# Empty gt
if not gt full.

arr[...

4:
, 0]
> 0)

any():

results.append({

"name" :
"dice":

node.GetName(),
float("nan"), "cldice": float("nan"),

"gt voxels": 0, "pred voxels": 0,
"shape": tuple(gt full.shape),

"note":

"annotation has no positive voxels",

http://localhost:43683/3c48b5b1-61cc-4e42-ac6f-7d3f6¢c3783ee/
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})

continue

Zs, YS, XS = np.where

(gt_
C z0 = max(int(zs.min()) - gt margin, 0)
c z1 = min(int(zs.max()) + 1 + gt margin, gt full.shape[0])
C_y0 = max(int(ys.min()) - gt margin, 0)
c yl = min(int(ys.max()) + 1 + gt margin, gt full.shape[1])
C X0 = max(int(xs.min()) - gt margin, 0)
¢ x1 = min(int(xs.max()) + 1 + gt margin, gt full.shape[2])

gt block = gt full[c z0:c z1l, c y0:c yl, c x0:c x1]

i off, j off, k off = chunkOriginInSourceIJK(
node, sourceVolumeNode

)

ks = max(c_z0 + k off, 0)

js = max(c_y0 + j off, 0)

Xs = max(c x0 + i off, 0)

ke = min(c z0 + k off + (c z1 - ¢ z0), src shape[0])
je = min(c_y0 + j off + (c_yl - c y0), src_shape[l])
xe = min(c x0 + i off + (¢ x1 - ¢ x0), src shape[2])

# Dislocated gt
if ks >= ke or js >= je or xs_ >= xe:
results.append({
"name": node.GetName(),
"dice": float("nan"), "cldice": float("nan"),
"gt voxels": int(gt block.sum()), "pred voxels": 0,
"shape": tuple(gt block.shape),
"note": "GT region falls outside the source volume"
})

continue

http://localhost:43683/3c48b5b1-61cc-4e42-ac6f-7d3f6¢c3783ee/
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pred block = predictedMask[ks:ke, js:je, xs :xe]

gt _trim = gt block[

(ks - (c_z0 + k off)):(ks - (c_z0 + k off)) + (ke - ks),
(js - (c_y0 + j_off)):(js - (c_y0 + j_off)) + (je - js),
(xs_ - (c. x0 + 1 off)):(xs_ - (c x0 + i off)) + (xe - xs ),

d = computeDice(pred block, gt trim)
¢ = computeClDice(pred block, gt trim)
conf pg = confusionStats(pred block, gt trim)

mean sp = float(np.mean(sourceVolumeNode.GetSpacing()))

# Source intensity over the GT-positive voxels of this chunk:
# tells us what vessels look like in the raw data (useful for
# picking a sensible threshold value).
src_block = src_arr[ks:ke, js:je, xs :xe]l
gt _intensities = src_block[gt trim]
if gt intensities.size > 0:
median intensity = float(np.median(gt intensities))
std intensity = float(np.std(gt intensities))
else:
median intensity = float("nan")
std intensity = float("nan")

entry = {
"name": node.GetName(),
"dice": d, "cldice": c,
"precision": conf pg["precision"],
"recall": conf _pg["recall"],
"specificity": conf pgl["specificity"],
"iou": conf_pg["iou"],
"volume ratio": conf pg["volume ratio"],
"tp": conf pg["tp"], "fp": conf pgl["fp"I],
"fn": conf pg["fn"], "tn": conf pg["tn"],
"gt_voxels": conf_pg["tp"] + conf_pg["fn"],

http://localhost:43683/3c48b5b1-61cc-4e42-ac6f-7d3f6¢c3783ee/
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}

"pred voxels": conf pg["tp"] + conf pg["fp"],
"median_intensity": median_intensity,

"std intensity": std _intensity,

"shape": tuple(gt trim.shape),

"source ijk": (xs_, js, ks, xe, je, ke),

# Centerline stats with referenceMask=gt trim so we also get

# matching length mm (skeleton n GT) — discounts FP centerline.

"pred centerline": centerlineStats(pred block, mean sp,
referenceMask=gt trim),
"gt centerline": _centerlineStats(gt trim, mean sp),

if thresholdMask is not None:

thr block = thresholdMask[ks:ke, js:je, xs_ :xel

entry["threshold value"] = float(threshold)

entry["thr voxels"] = int(thr _block.sum())

entry["dice thr vs gt"] = computeDice(thr block, gt trim)
entry["cldice thr vs gt"] computeClDice(thr_block, gt trim)
entry["dice pred vs thr"] = computeDice(pred block, thr block)
entry["cldice pred vs thr"] = computeClDice(pred block, thr block)

entry["thr vs gt"] = confusionStats(thr block, gt trim)
entry["pred vs thr"] = confusionStats(pred block, thr block)
entry["thr centerline"] = centerlineStats(thr block, mean sp,

referenceMask=gt trim)

results.append(entry)

valid = [r for r in results if not np.isnan(r.get("dice", float("nan")))]

def _meanOver(seq):

http://localhost:43683/3c48b5b1-61cc-4e42-ac6f-7d3f6¢c3783ee/

seq = [x for x in seq if x is not None and not (isinstance(x, float) and np.isnan(x))]
return float(np.mean(seq)) if seq else float("nan")

summary = {

"per chunk": results,

Ilnll:

len(valid),

5/31/26, 23:48
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430 "mean dice": _meanOver(r["dice"] for r in valid),

431 "mean cldice": _meanOver(r["cldice"] for r in valid),

432 "mean iou": _meanOver(r["iou"] for r in valid),

433 "mean recall": _meanOver(r["recall"] for r in valid),

434 "mean precision": _meanOver(r["precision"] for r in valid),

435 "mean volume ratio": meanOver(r["volume ratio"] for r in valid),

436 "mean pred length mm": meanOver(r["pred centerline"]["length mm"] for r in valid),

437 "mean gt length mm": _meanOver(r["gt centerline"]["length mm"] for r in valid),

438 }

439

440 if thresholdMask is not None:

441 thr valid = [r for r in valid if "dice thr vs gt" in r]

442 summary["threshold value"] = float(threshold)

443 summary["total thr voxels"] = int(thresholdMask.sum())

444 summary["src value range"] = (src_min, src_max)

445 summary["mean dice thr vs gt"] = meanOver(r["dice thr vs gt"] for r in thr valid)

446 summary["mean cldice thr vs gt"] = meanOver(r["cldice thr vs gt"] for r in thr valid)

447 summary["mean dice pred vs thr"] = meanOver(r["dice pred vs thr"] for r in thr valid)

448 summary["mean cldice pred vs thr"] = meanOver(r["cldice pred vs thr"] for r in thr valid)

449 summary["mean iou thr vs gt"] = meanOver(r["thr vs gt"]["iou"] for r in thr valid)
450 summary["mean volume ratio thr vs gt"] = meanOver(r["thr vs gt"]["volume ratio"] for r in thr valid)
451 summary["mean recall thr vs gt"] = meanOver(r["thr vs gt"]["recall"] for r in thr valid)
452 summary["mean precision thr vs gt"] = meanOver(r["thr vs gt"]["precision"] for r in thr valid)
453 summary["mean iou pred vs thr"] = meanOver(r["pred vs thr"]["iou"] for r in thr valid)

454 summary["mean thr length mm"] = meanOver(r["thr centerline"]["length mm"] for r in thr valid)

455 return summary

456
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