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Original label (Ground truth, GT) Synthetic label (*derived from GT)

Image segmentation
Variants of labels explicitly
corrupted from GT
Real labels with implicit noise

Inconsistent J:
.~

(b) Implicit label noise
* Subtle and ambiguous errors;
« Difficult to identify or rectify, particularly in
segmentation tasks

(a) Explicit label noise
* Clearly incorrect and overt errors

* Easy to detect
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®  : Convolution operation
$() : Zero-padding operation

w,h  :Width and height of 7 (£) No update
atol

Gaussian smoothing

@ Generate random
displacement fields
@ Apply stochastic

p : Transform probability
Q :Set of (a, o) combinations

For each 6 :Tiny mask threshold

segmentation mask S:

Q= {(ay, 1), (az,0), .}

From Q, sample one
(r, o) combination

Smooth x- and y-axis
displacement fields
with 2D Gaussian G,

® Scale-aware
deformation suppression

l

dX =G, ® ¢(«-dX)
Y =G, ® ¢(-dY)

Deformed label L*

[SEE e X

= Smoothed

Blended (7 + L")

- ithout ® With ®
3 vs /
Final (a) (b) 3

1|
q

displacement fields

displacement fields
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Algorithm 1: NSegment+ F{JidFE.

Input: Input image 7 of size w x h , Its
corresponding segmentation labels
L ={S;}5_, , Set of (a,0) combinations
Q = {(ax,0%)}5_, , Transform probability p ,
small mask threshold 6

function suppresssmallMask ( S;,dX,dY, o ):

Let Tmin, Ymin, Tmaz, Ymaz denote the minimum
and maximum values of the z and y coordinates
among all pixel points in segment Sj ;

€+ |a/2];

Tmin, Ymin — MAT(Tmin — €, 0), Maz(Ymin — €,0)

b
Tmaz, Ymaz — MIN(Tmaz + €, W), MIN(Ymaz + €, h)

Set dX[z,y] and dY[z,y] to O for all pixels (z,y)
S.t. Tmin < < Timaz and Ymin < Yy < Ymazx ;

it rand() > p then
| return L ; // No update labels

Initialize S} for each category index j as zero-filled

matrix of shape w X h ;
o, 0 < randChoice(Q) ;
dX < Go ® ¢((2 - rand(w, h) — 1)) ;
dY + G5 ® ¢(a(2 - rand(w, h) — 1)) ;
for j < 1to C do

if Sj.area <0 then
| suppresssmallMask ( S;,dX,dY, a );

Set Sjlp(x + dX[z, y]), p(y + dV[z,y])] to
Sz, y] for each pixel (z,y) in segment S; ;
L (S5 5
return £* ;

10
11
12
13
14
15

16

17

18 // Update labels

AR AR R R BRI R R AR . R T
PRI BB, BT 0RE R S 1) % L 2
VAT FRAITE) 2 BBl 2 AR PR TR AT 7 vk
AR |ATH A o WEEITELRA, #H
5 OpenCV #rifE—EWARK 2+ [30] +1 o Fif Hids
LR AR TR A R 0 %k 1000, AZHARR p
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Table 1: NSegment F NSegment+ %537 5 o i)l Zr e Se it 10 2 AR 1 52

Datasets | Vaihingen | Potsdam | LoveDA
Models ‘ Baseline NSegment NSegment+ ‘ Baseline NSegment NSegment+ ‘ Baseline NSegment NSegment+
o ; 77.53 £0.30 7826 + 0.63 78.34 &+ 0.26 | 82.95 = 0.10 83.16 £ 0.11 83.20 £ 0.03 | 43.29 £ 0.77 43.36 + 0.62 43.60 £ 0.17
DeepLab V3+ (ECCV 18) ‘ (+0.73 ) (+0:81) ‘ (+0.21) (+0.25 ) ‘ (+0.07) (+0.31)

ANN (1Y 19) 7075 £ 0.07 8044+ 012 80.60 £ 0.16 | 84.81 + 0.06 8484 + 0.03 8488+ 013 | 45.93 = 0.60 47.22 + 0.19 47.32 = 0.38

NN (ICCV 1¢ (10.69) (+0.85 ) (+0.03) (+0.07) (1129) (139)
Y 7959 £ 0.6]  79.71 + 024 79.93 + 0.40 | 84.47 + 024 8451 & 0.23 84.67 + 0.14 | 43.35 = 0.78 4382 + 0.89 44.16 = 0.61

DANet (CVPR 19) (+0.12) (+034) ‘ (+0.04) (+020) ‘ (+0.47) (+0.81)

79.15 £ 0.85  80.39 + 0.30 80.49 + 0.35

APCNet (CVPR 19 (+1.24)

84.73 £ 0.13

84.74 + 0.06  84.88 £ 0.01 | 46.60 + 0.42 46.79 + 1.06 47.25 + 1.12
(+0.01) (+0.15) (+0.19') (+0.65 )

GCNet (TPAMI 20

|
79.60 £ 0.78  80.55 + 0.36  80.38 + 0.05
) (+0.95 ) (+0.78)

84.90 £ 0.12

84.91 + 0.17 84.92 & 0.12 | 46.46 £ 0.60 46.65 + 0.63 46.70 £ 1.34
(+0.01) (+0.02) (+0.19) (+0.24 )

OCRNet (ECCV 20)

(+1.41) (+2.29)

75.39 £0.79  76.80 + 0.42 77.68 & 0.36 ‘ 82.62 + 0.11

82.63 £ 0.22 8271 4 0.11 | 44.26 & 0.66 44.28 + 0.04 44.61 + 0.08
(+0.01) (4+0.09) (+0.02) (+0.35)

Mask2Former (CVPR 22

) ‘ 7747 £0.22 7785+ 0.11 77.93 + 0.09 | 82.73 + 0.39

83.06 + 0.07 83.20 + 0.46 | 48.50 + 0.68 48.82 + 0.37 48.84 + 0.40

(+0.38 ) (++0.46 ) +0.33) (4+0.47) (+0.32) (+0.34)
~ oo 8080 £ 032 SLAL+ 015 SL424 006 | 85.61 = 0.05 8560 + 0.05 85.70 = 0.03 | 5092 + 050 B5LI2 + 042 5140 + 0.45

DOCNet, (GRSL 23) ‘ (+0.61 ) (+0.62) (+0.08) (+0.09 ) (+0.20 ) (+0.48)
e 7159 £ 020 7162 + 0.09 7166 + 010 | 8249 + 016 8258 + 0.04 82.61 & 0.04 | 46.89 £ 0.58 47.24 + 0.39 47.46 £ 0.28

CAT-Seg (CVPR 24) ‘ (+0.03) (+0.07) (+0.09) (+0.12) ‘ (+0.35) (+0.57)
3 7831 £ 026 7851 £ 0.11 78.76 £ 010 | 37.56 £ 1.91 39.16 + 0.92 39.94 £ 0.99

4+ 0.53  71.62 = 0.50
6

Golden (CVPR 25) ‘ 06T+ 0.34 7L ) (G095

(+0.20) (+0.45 ) (+1.60 ) (+2.38)

g 4 5
LOGCAN++ (TGRS 25) ‘ 80.97 £ 0.08 81.04 £ 0.14 81.09 £ 0.06

(+0.07) (+0.12)

86.07 £ 0.06

8611 + 0.14 86,12 £ 0.01
(+0.04) (+0.05 )

50.59 £ 0.13  50.77 £ 0.34  51.23 £ 0.56
(+0.18) (+0.64)

Note: For each data-model combination, the highest result is highlighted in bold whereas the second-best is underlined in this paper

Table 2: Kb o - o HAENT NSegment /1 [E E A BEHLAR
52 SR AR T 1) 5 W]

| Fixed o - 0 |

Stochastic a - o

Baseline -

” 1 5 30 50 100 sampling
3 7757 7750 7T7.51 7725 75.99 -
77.41 5 7730 7770 7TAL 7724 7754 o

(+0.34)

10 7649 77.34  T7.67 T7.55 T77.66

Table 3: 7E NSegment H, 5 vs. (AR AR XT
VB S E ) 5

For all cases, | Elastic deformation | Test
we adopt stochastic « - o sampling | Tmage Label | mloU
Baseline - - 7741
+ (a) Normal (Identical image-label transform) | v/ v 67.58 (-9.83 )
+ (b) Transform only for images v 70.69 (-6.72 )
+ () Transform only for labels v 77.75 (+0.34)

BRINHM 0.5, HAEFRAR 2 Ml 3 HiE N 1.0, BLAh, &
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1,15, 30,50, 100 FI 3,5, 10 (YHER/RBL. BRI R
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PEARZAE DR, (2) PUMHSCARE A T, A
MR, B AR A o RS2 B B P pn & e
M2 L, FRATEINZRRIPEAS FPECR T EA T )R
e AR I RENAEH (5 A [A] AN ] A X
AR PEAR s . R, AT TG TATE X 28 5 i e
H, IR TR (HIRZE NSegment+ | ZRfHE
), PP T AR EL SR S h AR R S B A S
A TR, PR ek PR T AR -

EE S

FATHEAT T AW AH T 5T, PABIEAE R AT NSeg-
ment+ HEZE PR HOR G R HARRBL, FA15
BT (1) 83 AL 0T S B 22 B A T 5 B2 1
Ab, (2) ANEZZTE HARRE, F(3) /INERSAS TR
WIVER .. &% (1) F1(2), FA1R A PSPNet (?) 1
Vaihingen (7) $idE Fibi7585 .

1) BEBLE Al R 2 BoR, T UR A AR
%, BEVLRAFAETESHL (o, o) TEREMAR AT 8 & BiL .
ORI R T AR T A R N etk (BT

Table 4: {E¥#4A NSegment F11 NSegment-+ 5Lk LA
SE P REEE Tl . NSegment+ 23RS H KIS, &
T ROBE SRS FE A il R A1 35

Scale-aware City- PASCAL COCO-

deformation | Vaihingen Potsdam LoveDA %" VOC Stuff

suppression seapes 2012 10K
NSegment | 0.63 0.10 0.44 041 0.57 0.19

0.78 0.18 0.74 0.83 0.91 0.44

Ns"’“'"“"‘*‘ v ‘(ﬂ)l')) (+0.08) (+0.30) (+0.42) (+0.34) (+0.25)

(,0) BORAESEED R R, B, (0 = 5,0 = 5) 1
Vaihingen |-CHR 1], 1FLa] B e 5 Ho At Bl
ST LRI, BT e Y
WA Z IS HE @ BETUREE (0,0) « SR T
AL BETAL 1) LR e S R bR A T (—
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SACRRME S, MIESEEER Q REE Y,

2) ANRIZEIEH barfisgmn - 845 3 R, X ERMGFIFRZ:
[ FR RS2 A ] e i A e 2 P SRR A PR RE (-9.83), iX
5 TAERBI R O] SE PR SN K L. ALY B
G ALESOO PRI TR AT e L 5 (-6.72) o Al
o HOGHRZE N AR TE AR S T I s, dftm T
mloU {f +0.34,

3) /MEBS BRI 3= 4 R T RIZRGAETE
PFIBHR A ITAL , AR AR 2SR T A A e PR b A%
FATRINRR LG o R TR DRI T
LT PERER S (DA mIoU /R, BUFETE 1 f
5 A A BT 4 B . AN, 7E Cityscapes #(¥E4E
H1, NSegment [t mIoU 4257 +0.41, j NSegment+
KT +0.83, fT/MEEIPE], AT 40.42 AR
Ak XFPEATE G SR TR — B, X
B, R R T DA T AR T —— A R IR I R
A REBRACPERE, U AEAFAEVF 2/ N Bl Bt
A EI R A LR

FATPEAL T NSegment Fl NSegment+ FE45Fh i Jeift
M X BRI B ngsgm . AR, FRATR
AT 12 BB A, 445 DeepLab V34 (?) . ANN
(?) . DANet (?) . APCNet (?) . GCNet (?) . OCRNet
(?) . SegFormer (?) . Mask2Former (7) . DOCNet (?)
. CAT-Seg (?) . Golden (?) fil LOGCAN++ (?7) . X
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Table 5: NSegment Fl NSegment+ X H 4837 5t il Frdpe Se k40 HIABL Y 1 52 1

Datasets | Cityscapes | PASCAL VOC 2012 | COCO-Stuff 10K
Models | Bascline NScgment  NSegment+ |  Bascline NSegment  NSegment+ | Baseline NSegment  NSegment-t
2t (ROC 56.95 + 0.91 5741+ 0.70 5758 = 1.08 | 61.64 + 0.53 6180 + 0.55 61.84 £ 0.67 | 21.87 + 0.11 201.94 + 0.31 21.96 + 0.49
DeepLab V3+ (ECCV 18) ‘ (+0.46 ) (+0.63) ‘ (+0.16 ) (+0.20 ) (+0.07) (+0.09)
ANN (ICCV 19) 62.20 + 0.87 6233 + 0.64 63.33 £ 1.00 | 67.87 + 0.65 68.53 £ 0.22 68.66 = 0.98 | 20.50 + 025 20.51 + 0.25 29.63 + 0.17
R 10.13) (+1.13 (+0.66 ) (+0.79) (+0.01) (+0.13)
e 62.91 + 0.38 64.21 + 0.06 64.66 = 0.96 | 63.52 + 1.47 63.94 + 1.93 6436 = 1.72 | 27.94 + 026 28.02 + 0.62 28.13 + 0.42
DANet (CVPR 19) ‘ (11.30) (+1.75) (+0.12) (+0.81) ‘ (+0.08 ) (+0.19)
. . 61.97 + 1.17 6271 + 0.14 6324 & 0.59 | 63.04 + 0.64 63.45 + 1.32  63.82 + 0.36 | 27.52 = 0.44 27.86 + 0.33 27.94 = 0.36
APCNet (CVPR 19) ‘ £0.74) (+127) (+0.41) (+0.78 ) ‘ (+0.34) (+0.42)
- 6244 4+ 034 62.66 +£ 0.52 6271+ 0.11 | 61.07 + 3.17 63.50 + 1.17 6446 + 2.74 | 23.86 + 0.54 24.32 + 0.11 24.45 + 047
GCNet (TPAMI 20) ‘ (+0.22) (+0.27) ‘ (+2.43) (+3.39) (+0.46 ) (+0.59)
I 5594 + 171 56.11 + 152 56.51 + 1.21 | 50.65 + 1.39 59.78 + 1.25 60.23 + 0.86 | 22.23 + 0.51 22.75 + 0.30 22.84 + 0.28
OCRNet (ECCV 20) (+0.17) (+0.57 ) (+0.13) (+0.58 ) ‘ (+0.52) (+0.61)
SeaFormer (NewrIPS 21) | 6269 £ 014 6271 & 0.08 6284 + 0.52 | 69.70 % 0.37 69.85 + 035 70.00 & 0.42 [ 20.07 £ 046 29.16 + 0.26 29.37 £ 0.06
eghormer (NeurIPS 21) (+0.02)) (+0.15) (+0.15 ) (+0.30 ) (+0.09 ) (+0.30)
b ooy | 6298 £ 112 63.50 + 0.36 63.72 £ 0.54 | 71.02 £ 0.70 7L14 + 040 7168 +0.38 | 32.84 + 0.31 3293 + 0.35 34.13 £ 0.32
Mask2Former (CVPR 22) ‘ (+0.52 ) (+0.74) (+0.12) (+0.66 ) ‘ (+0.09') (+1.29)
Golden (CVPR 25 74.09 + 0.50 74.21 + 0.65 75.06 + 0.55 | 41.33 + 1.07 41.95 + 0.58 42.02 + 0.20 | 10.92 + 0.39 10.93 + 0.22 11.28 + 0.22
olden ( 5) (+0.12) (+0.97) (+0.62) (+0.69 ) (+0.01) (+0.36 )
. +: A N 1= % # P = NNV VAN W
Table 6: £5¢y NSegment+ FIEA T IERISEMR, A3 IR G 5 AN E I E WAL SRS eSS AN[a] ) 1 Sy B R v |
SO N No augmentation/ Horizontal Random Photometric . Random Label
Dataset ‘ Method | oo larization used | Flipping (HF) | Resize (RR) | Distortion (PD) | 1Ot (CO) | CutMix (CM) | gy (RE) | Smoothing (LS)
| Baseline | 77.53 £0.30 | 78.62+0.19 | 80.04 +038 | 77.334+0.35 | 78294069 | 77.54 +0.60 | 79.01 +£0.27 | 77.97+0.28
Vaihingen ./ ours 78.34 + 0.26 78.95 £ 0.23 | 80.38 £ 0.13 | 77.68£0.32 | 7880 +£0.33 | 7834 +0.27 | 79.06 £ 0.20 | 7847 +0.14
W/ ours (+0.81) (+0.33) (+0.34) (+0.35) (+0.51) (+0.80 ) (+0.05 ) (+0.50 )
| Bascline | 8295 +£0.10 | 84.00 £ 012 | 8437 £0.13 | 8276+ 0.13 | 83.27 £0.03 | 8299+ 0.05 | 83.43£0.04 | 8281 +0.13
Potsdam o 83.20 + 0.03 84.12 £ 0.07 | 8444 £0.17 | 83.00 £0.03 | 8331 +0.14 | 83.08+0.05 | 8353 £0.01 | 83.03 £0.19
w/ ours (+0.25) (+0.12) (+0.07) (+0.24 ) (+0.04 ) (+0.09 ) (+0.10) (+0.19)
| Bascline | 4320 £0.77 | 4348 £0.22 | 40.73 £ 1.05 | 4186+ 151 | 43.40 £0.23 | 43.21 + 0.83 | 41.84 £ 0.50 | 43.05 + 0.47
LoveDA o 43.60 + 0.17 4392+ 0.24 | 45.80 £ 040 | 43.10 £ 0.39 | 43.91 £ 049 | 44.18 + 0.53 | 42.19 £ 043 | 43.64 £ 0.25
w/ ours (+0.31) (+0.44) (+5.16 ) (+1.24) (+0.51) (+0.97) (+0.35 ) (+0.59 )
| Baseline | 56.95 +0.91 | 56.62 +1.24 | 72.95+ 027 | 54.10 049 | 5592 4 0.15 | 56.28 +0.96 | 56.28 + 0.16 | 55.64 + 0.42
Cityscapes / ours 57.58 + 1.08 58.35 + 0.47 | 73.13 £ 044 | 54.60 +0.39 | 57.15 £ 0.68 | 56.92 + 0.50 | 56.43 £ 0.99 | 56.56 + 0.83
W/ ours (+0.63 ) (+1.73) (+0.18) (+0.50 ) (+1.23) (+0.64 ) (+0.15 ) (+0.92)
PASCAL VOO | Baseline | 61.64 +£0.53 | 61.80 = 0.59 | 55.95+0.80 | 6130+ 023 | 61.56 +0.35 | 61.59 + 0.86 | 61.03 = 0.88 | 62,55 £ 0.72
g A
2012 ./ ours 61.84 + 0.67 61.85 + 0.39 | 56.94 £ 0.68 | 6155+ 0.51 | 61.61 +0.60 | 61.97 +0.36 | 61.37 +0.37 | 62.90 + 0.4
W/ ours (+0.20 ) (+0.05 ) (+0.99 ) (+0.25) (+0.05 ) (+0.38) (+0.34) (40.35)
COCO-Stutt | Bascline | 2187 +£0.11 | 2167+ 048 | 18.90 £0.25 | 21374009 | 21.82+0.11 | 21.81 +0.28 | 21.37 £ 0.31 | 21.73 £0.33
10-St
0K l ] 21.96 + 0.49 21.82 + 0.36 | 19.08 £ 0.38 | 21.60 + 0.19 | 201.85 £ 021 | 21.94 4 0.32 | 21.55 £ 0.36 | 22.00 + 0.13
w/ ours (+0.09) (+0.15 ) (+0.18) (+0.23 ) (+0.03 ) (+0.13) (+0.18) (+0.27)

Table 7: f NSegment+ 54 ) A AbH g A bR g s
Mt LNL J BT
[ Vabimgen |

| 77.53 £ 0.30 | 56.95 = 0.91 |

GFLOPs
54.27 (1x)

Cityscapes |

Baseline

Compensation Learning | 77.68 + 0.30 (+0.15 ) | 57.11 £ 0.79 (+0.16 ) s 1.01x)
77.72 + 0.43 (+0.19 ) | 56.51 = 1.06 (-0.44 ) 54.27 (1x)
UCE 77.91 % 0.12 (+0.38 ) | 57.01 + 157 (+0.06 ) | 542.69 (10x)
AIO2 TT.73 £ 0.27 (+0.20 ) | 57.49 + 1.14 (+0.54 ) | 108.54 (2x)
NScgment+ 7834+ 0.26 (+0.81) | 57.58 + 108 (+0.63 ) | 54.27 (Ix)
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