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1. Sensitivity Analysis

Trimap IoU computes IoU for a band around the ground
truth boundary and, therefore, it ignores errors away from
the ground truth boundary (e.g. inner mask prediction er-
rors). We generate pseudo-predictions with such errors by
adding holes of random shapes to ground truth masks. In
Figure 1 we show that Trimap IoU penalizes inner mask
prediction errors less than Mask IoU.
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Figure 1: Sensitivity analysis for Trimap IoU. The measure pe-
nalizes inner mask errors less than Mask IoU.

F-measure matches the pixels of the predicted and ground
truth contours if they are within the pixels distance thresh-
old d. In the experiments presented in the main text of this
paper we observe that this strategy makes F-measure ignore
scale type errors for smaller objects. The Mean F-measure
(mF-measure) modification ameliorates this limitation by
averaging several F-measures with different threshold pa-
rameters d. Figure 2 demonstrates the sensitivity curves of
this measure for the scale (dilation) error type. For mF-
measure we use d from 0.1% to 2.1% image diagonal with
0.4% increment (from 1 pixel to 17 pixels on average) to
compare it with Boundary IoU that uses single d set to
2% image diagonal. We observe that mF-measure behaves
similarly to Boundary IoU for large objects, however it
under-penalizes errors in small objects where Boundary IoU
matches Mask IoU behavior. Furthermore, mF-measure is
substantially slower than Boundary IoU as it requires to per-
form the matching of prediction/ground truth pairs several
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times for different thresholds d.
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Figure 2: Sensitivity analysis for mean F-measure (mF-
measure). The measure under-penalizes scale type (dilation)
errors in small objects in comparison with Boundary IoU that
matches Mask IoU behavior for such objects. F-measure curves
for different threshold parameters d are shown in gray.

Boundary IoU can award a perfect score for two non-
identical masks (see Figure 3). For real-world segmenta-
tion evaluation metrics, we propose a simple combination
of Mask IoU and Boundary IoU by taking their minimum
to mitigate this limitation.

Figure 3: Boundary IoU gives a perfect score for two non-identical
masks: a disc mask and a ring mask that has the same center and
outer radius as the disk, plus the inner radius that is exactly d pixels
smaller than the outer one.



COCO [14] LVIS*v0.5 [8] Cityscapes [7]
Mask resolution Evaluation metric | AP APgs APy APp AP APs APp; APp AP APs AP APp
28 x 28 Mask AP 96.5 98.9 95.7 95.1 94.3 96.7 93.7 93.9 93.5 98.4 91.6 91.4
Boundary AP 85.9 98.9 93.0 73.0 85.5 96.7 914  73.1 75.9 98.4 86.4 55.9
56 x 56 Mask AP 99.5 99.8 99.4 99.3 98.2 98.4 99.0 98.9 98.9 99.7 99.0 98.7
Boundary AP 95.2 99.8 99.3 89.5 94.6 98.4 98.8 89.9 90.9 99.7 97.7 80.5
112 x 112 Mask AP 99.9 100.0 999 99.9 98.8 98.5 99.7 99.9 99.8 99.9 99.9 99.9
Boundary AP 99.0 100.0 999 97.9 98.1 98.5 99.7 98.3 97.2 99.9 99.9 94.9

Table 1: Boundary AP and Mask AP on COCO val set, LVIS*v0.5 val set and Cityscapes val set for synthetic 28 x 28, 56 x 56, and
112 x 112 predictions generated from the ground truth. Unlike Mask AP, Boundary APy, successfully captures the lack of fidelity in the
synthetic prediction with lower effective resolution for large objects that have area > 96°.

2. Application
2.1. Instance Segmentation

Datasets. We evaluate instance segmentation on three
datasets: COCO [14], LVIS [8] and Cityscapes [7].

COCO [14] is the most popular instance segmentation
benchmark for common objects. It contains 80 categories.
There are 118k images for training, Sk images for validation
and 20k images for testing.

LVIS [8] is a federated dataset with more than 1000 cat-
egories. It shares the same set of images as COCO but
the dataset has higher quality ground truth masks. We
use LVISv0.5 version of the dataset. Following [13], we
construct the LVIS*v0.5 dataset which keeps only the 80
COCO categories from LVISv0.5. LVIS*v0.5 allows us
to compare models trained on COCO using higher quality
mask annotations from LVIS (i.e. AP* in [13]).

Cityscapes [7] is a street-scene high-resolution dataset.
There are Sk images annotated with high quality pixel-level
annotations and 8 classes with instance-level segmentation.

Evaluation on synthetic predictions. We simulate predic-
tions by capping the effective resolution of each mask. First,
we downscale cropped ground truth masks to a fixed reso-
lution mask with continuous values, we then upscale it back
using bilinear interpolation, and finally binarize it. Figure 4
show visualization of the synthetic predictions with differ-
ent effective resolutions. In Table 1 we compare Mask AP
and Boundary AP for the synthetic predictions with differ-
ent synthetic scales across different datasets.

Evaluation on real predictions. In addition to the exper-
iments with COCO in the main text, we evaluate Mask R-
CNN [9], PointRend [13], and Boundary-preserving Mask
R-CNN (BMask R-CNN) [5] on LVIS*v0.5 and Cityscapes
in Table 2. For each method we feed ground truth boxes to
isolate the segmentation quality aspect of the instance seg-
mentation task. On all datasets we observe that Boundary
AP better captures improvements in the mask quality.
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Figure 4: Synthetic predictions visualization. First, we down-
scale cropped ground truth masks to a fixed resolution (from
28 x 28 to 112 x 112) mask with continuous values, we then
upscale it back using bilinear interpolation, and finally binarize
it. Synthetic prediction with low effective resolution are close to
the ground truth masks for smaller objects (top row), however the
discrepancy grows with object size (bottom row).

Method ‘ APmask APboundary Ap?undary AP?CIundary APbEundary

Mask R-CNN (51.5 38.3 454 48.7 29.2
PointRend |56.8 (+5.3) 45.9 (+7.6) 49.6 (+4.2) 56.0 (+7.3) 42.2 (+13.0)
BMask R-CNN|57.8 (+6.3) 46.1 (+7.8) 50.8 (+5.4) 56.3 (+7.6) 40.7 (+11.5)

(a) The models are trained on COCO and evaluated on LVIS*v0.5
val set, which has higher annotation quality.

Method ‘ APmask A Ppboundary APb;undary APD;\(;Iundary APlzmndary
Mask R-CNN [35.5 16.4 22.3 22.0 9.7
PointRend 42.2 (+6.7) 23.6 (+7.2) 29.9 ( +7.6) 29.0 (+7.0) 19.8 (+10.1)

BMask R-CNN|43.3 (+7.8) 24.0 (+7.6) 36.0 (+13.7) 29.4 (+7.4) 18.7 ( +9.0)

(b) The models are trained and evaluated on Cityscapes.

Table 2: Mask R-CNN comparison with the methods designed to
improve the mask quality. All models are fed with ground truth
boxes. Boundary AP better captures improvements in the mask
quality. BMask R-CNN, which outputs 28 x 28 resolution pre-
dictions, outperforms PointRend for smaller objects but trails it
for large objects where 224 x 224 output resolution of PointRend
improves boundary quality.



Mask AP Boundary AP

Name Backbone LRS AP AP50 AP75 APS APM APL AP AP50 AP75 APS AP]\/[ APL
R50[10] 1x | 352 56.3 37.5 17.2 37.7 50.3 21.2 46.4 16.8 17.1 31.6 19.7
R50[10] 3x | 372  58.6 39.9 18.6 395 53.3 23.1 49.6 19.0 18.6 334 222

Mask R-CNN [9
ask R-CNN 9] R101 [10] 3x | 386 604 413 195 413 553 245 517 203 194 350 239

X101-32x8d [16] 3x | 39.5 61.7 426 207 420 565 254 532 21.0 206 358 24.7

Mask R-CNN with R50[10] 1x | 375 594 402 184 397 548 22.8 49.6 18.1 183 334 221
deformable conv. [18] R50 [10] 3x | 385 60.8 41.1 19.7 40.6  55.7 24.1 51.8 19.4 19.6 344 234
Mask R-CNN with R50 [10] 1x | 364 569 392 17.5 38.7 525 225 479 18.7 17.5 326 217
cascade box head [2] R50[10] 3x | 385 59.6 415 19.5 411 54.5 245 512 208 19.5 348 236
R50 [10] 1x | 362 566 38.6 17.1 38.8 525 235 484 202 17.1 33.0 241

R50 [10] 3x | 383 59.1 41.1 19.1 40.7 558 254 513 22.3 19.1 348 264

' 3
PointRend [13] RI01 [10] 3x | 401 611 430 200 429 586 | 270 541 242 199 370 287

X101-32x8d [16] 3x | 41.1 62.8 442 215 438 59.1 280 556 253 215 378 291

R50 [10] 1x | 366  56.7 39.4 17.3 38.8 53.8 23.5 484 202 172 330 245

- 5
BMask R-CNN [5] R50[10] 3x | 38.6 592 417 19.6  41.1 55.7 254 514 223 195 352 263

Table 3: Boundary AP for recent and classic models on COCO val. All models are based on Detectron2. LRS: learning rate schedule, a
1x learning rate schedule refers to 90,000 iterations and a 3 x learning rate schedule refers to 270,000 iterations, with batch size 16.

Mask AP Boundary AP
Backbone AP AP50 AP75 APg APy AP, AP, AP. APy | AP APs59 AP75 APs APy AP, AP, AP, APy
R50 [10] 244 377 260 167 312 412 160 240 283 | 188 339 180 167 280 193 119 182 223

R101 [10] 258 397 273 176 33.0 437 155 260 296|201 352 198 176 299 208 11.8 20.1 235
X101-32x8d[16]| 27.0 414 287 19.0 351 437 154 273 313|214 376 212 190 320 217 112 216 251

Table 4: Boundary AP of Mask R-CNN baselines on LVISv0.5 val. All models are from the Detectron2 model zoo.

Reference Boundary AP evaluation. We provide Bound- 2.2. Panoptic Segmentation
ary AP evaluation for various recent and classic models on
COCO (Table 3), LVIS (Table 4), and Cityscapes (Table 5)
datasets. We do not train any models ourselves and use the
Detectron2 framework [15] or official implementations in- 2 (p.g)ete 10U(D, 9) |TP|

stead. These results can be used as a reference to simplify PQ = |TP| |TP| + L|FP| + L|FN]
the comparison for future methods. 2 2

The standard evaluation metric for panoptic segmenta-
tion is panoptic quality (PQ or Mask PQ) [12], defined as:

segmentation quality (SQ) recognition quality (RQ)

Mask IoU is presented in two places: (1) calculating the
average Mask IoU for true positives in Segmentation Qual-
ity (SQ) component and (2) matching prediction and ground

Mask AP Boundary AP truth masks to split them into true positives, false posi-
Method Backbone | AP AP35 AP AP35 . . ..
tives, and false negatives. Similarly to Boundary AP, we
Mask R-CNN [9] R50 [10] 33.8 61.5 11.4 37.4 | Mask IoU with min(Mask IoU. B d IoU) i
PointRend [13]  RSO[10] | 359 618 | 167 472 replace Mask loU with min(Mas o, boundary 10 ) in
BMask R-CNN [5] R50[10] 36.2 62.6 15.7 46.2 bOth places and refer the new metric as Boundary PQ

Panoptic-DeepLab [4] = X7L[6] | 353 579 | 165 477 Datasets. We use two popular datasets with panoptic anno-

Table 5: Boundary AP evaluation on Cityscapes val set for mod- tation: COCO panoptic [12] and Cltysciapes L71- .
els implemented in Detectron2 [15]. Note that we set the dilation COCO panoptic [12] combines annotations from COCO in-
width to 0.5% image diagonal for Cityscapes. stance segmentation [14] and COCO stuff segmentation [1]
into a unified panoptic format with no overlaps. COCO
panoptic has 80 things and 53 stuff categories.
Cityscapes [7] has 8 thing and 11 stuff categories.



Mask PQ Boundary PQ
Dataset Method Backbone PQ SQ RQ PQ SQ RQ
R50[10] 41.5 79.1 50.5 30.8 70.0 41.7
COCO panoptic [12] | Panoptic FPN [11] R101 [10] 43.0 800 521 325 709 437
X101-32x8d[16] | 444 804  53.8 339 714 455
UPSNet [17] R50 [10] 42.5 78.2 52.4 31.0 68.7 433
DETR [3] R50[10] 434 793 538 328 71.0 452
UPSNet [17] R50[10] 59.4 79.7 73.1 334 63.1 519

Cityscapes [7]

Panoptic-DeepLab [4] R50[10] 59.8 80.0 735 363 643 556
P P X71 6] 630 817 762 | 410 655 617

Table 6: Reference Boundary PQ evaluation for various models on COCO panoptic val and Cityscapes val.

Similar to the instance segmentation task, we set dilation
width to 2% image diagonal for COCO panoptic and 0.5%
image diagonal for Cityscapes.

Analysis with synthetic predictions. Following our ex-
perimental setup for instance segmentation, we evaluate
Boundary PQ on low-fidelity synthetic predictions gener-
ated from ground truth annotations to avoid any potential
bias toward a specific model. The synthetic predictions are
generated by downscaling ground truth panoptic segmenta-
tion maps for each image and then upscaling it back using
nearest neighbor interpolation in both cases. This image-
level generation process ensures a unified treatment of both
things and stuff segments following the idea behind the
panoptic segmentation task.

In Table 7, we report Panoptic Quality and its two com-
ponents: Segmentation Quality (SQ) and Recognition Qual-
ity (RQ) for synthetic predictions with various downscaling
ratios across different datasets. Similar to our findings for
AP, Boundary PQ better tracks boundary quality improve-
ments than Mask PQ for panoptic segmentation. Further-
more, we find that the difference between Boundary PQ
and Mask PQ is mainly caused by the difference in SQ.
This observation confirms that Boundary IoU better tracks
the mask quality of predictions and does not significantly
change other aspects like the matching procedure between
prediction and ground truth segments.

References Boundary PQ evaluation. We provide
Boundary PQ evaluation for various models on COCO
panoptic and Cityscapes datasets in Table 6. We do not
train any models ourselves and use models trained by their
authors. These results can be used as a reference to simplify
the comparison for future methods.

Downscaling  Evaluation |COCO panoptic [12] Cityscapes [7]

ratio metric PQ SQ RQ PQ SQ RQ

3 Mask PQ | 62.6 785 784 |663 77.8 83.7
Boundary PQ| 52.8 68.1 77.0 |47.1 58.6 80.2

4 Mask PQ | 81.0 859 937 |843 857 982
Boundary PQ| 76.6 814 93.7 |75.0 763 982

9 Mask PQ [92.5 934 990 |942 942 999
Boundary PQ| 90.8 91.6 99.0 |90.7 90.7 99.9

Table 7: Boundary PQ and Mask PQ evaluated on COCO panop-
tic val and Cityscapes val sets for synthetic prediction with 8, 4,
and 2 downscaling ratios generated from the ground truth. Bound-
ary PQ is more sensitive than Mask PQ in its Segmentation Quality
(SQ) component while the Recognition Quality (RQ) component
is comparable.
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