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Background

Single-label Classification Multi-label Diagnosis (MLD)

direct extension

Natural images often contain one primary object Medical images often present multiple co-occurring
The task is to assign a sing|e label (e.g., "cat") conditions SimUItaneOUS|y, which are inherently more
complex

Chest X-ray (e.g., Pneumonia, Effusion, Cardiomegaly).
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] (1) Atomic Visual Space — captures visual polysemy
(3) Fuzzy Alignment {

(2) Comorbidity Topology — encodes disease relationship

Methodology
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Methodology

(1) Atomic Visual Space
Z = Foroj(Fimg) € RMX4 M = H x W
Vector Quantization (VQ)

pr, Wwhere k = argmin ||z, — pjl|2.
je{l,....K}

q
“m
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Methodology

(2) Comorbidity Topology

GEN  SU+D — RELU (ﬁ—%éﬁ—%s<iﬁw(f)) |

@ Adjacency matrix A~ correlation matrix

@ Node features S =~ — disease text embedding - = - -

Hyon 0.00 0.12 0.26 0.04 0.00 1.00 0.02 0.00

AMD - 0.00
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Methodology

(3) Fuzzy Alignment

Visual feature (VQ) ) ¢ RM*d Semantic anchor (GCN) S ¢ R¢*d

-
Semantic interface operator F =7(V)=(Q + Sigmoid(QV ) V

Vd

2

lee — se| )
T

Derived from continuity & semantic consistency (see appendix A.1)

Fuzzy membership [t = XD ( -
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Methodology

Fuzzy loss
ﬁfuzz}f — ﬁpnint(.\u': Y) + Q- '-;E:t P'w (see appendix A.3)

A loss NSS

[:point lug(1-|— Z Tc:) +10g,(1+ Z ’f'c) ':*Et T 1 o "L? y)

c:y.=0 cy.=1

Total loss
Liotal = Efuzz}f + - L commit

Ecommit — ||§g[Z] - ZQH% T ﬁ”Z — 15’1‘g[Zq]||§
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Experiment

Dataset Data Scale AT @1 Other Description
Classes

Color
ODIR-5K Fundus 5000 (tiny)
image
NIH-Chest X-ray 112,120 (medium) 14 Long-tailed
RSNA-IHD CT 752,802 (large) 5 Long-tailed
CXR-LT X-ray 377,110 (large) 40 SR LERCH

tailed & Noisy
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Methods Type Ref. Backbone | Param (M) Flops (G)
TransferNet (2021) | Network- centric BSPC’21 ResNet30 23.52 4.13
ASL (2021) Objective-centric CVPR’21 ResNet50 23.52 4.13
RAL (2023) Objective-centric ICCV’23 ResNet50 23.52 4.13
TADCL (2023) Network- centric MIA’23 ViT 61.36 8.84
Two-Way (2023) Objective-centric CVPR23 ResNet30 23.52 4.13
CTransCNN (2023) | Network- centric KBS’23 CNN+VIT 33.99 10.57
LDR (2024) Network- centric ACMMM’24  ResNet30 25.51 8.42
SupCon (2024) Objective-centric AAAT 24 ResNet30 23.52 4.13
MultiCo (2025) Objective-centric arxiv'25 ResNet30 23.52 4.13
HydraViT (2025) Network- centric BSPC’ 25 ResNet50 39.22 16.58
FACT (Ours) - — ResNet50 25.87 421
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Experiment

ODIR-5K NIH-Chest RSNA-THD
mAP1 FIt AUCT Avgt | mAPt  FIt AUCT Avgl | mAPT  FIt  AUCT Avg.t

TransferNet (2021) | 64.30 86.29 89.01 7987 | 51.71 90.12 86.73 76.19 | 84.53 9036 9544 90.11

Methods

ASL (2021) 59.69 87.84 9041 7931 | 4232 8631 8541 7135 | 83.07 9197 96.15 90.40
RAL (2023) 59.61 86.86 89.77 7875 | 38.63 8351 8378 68.64 | 8291 9202 96.24 90.39
TADCL (2023) 65.04 8657 8645 7935 | 41.05 8691 8422 7J0.73 | 8747 9207 9632 91.95

Two-Way (2023) 5593 84.13 91.17 77.08 | 46.38 8481 86.70 72.63 | 5751 79.17 9437 77.02
CTransCNN (2023) | 69.30 90.29 91.35 83.65 | 5240 8788 8561 7530 | 8599 9045 94.69 90.38

LDR (2024) 69.69 8979 9081 8343 | 57.81 90.01 8752 7845 | 8485 8941 9454 89.60
SupCon (2024) 6743 8675 9062 81.60 | 58.82 8928 86.08 78.06 | 84.59 90.03 95.12 8991
MultiCo (2025) 68.30 89.14 9145 8296 | 5432 90.14 87.04 7T7.17 | 86.70 92.11 96.22 91]1.68
HydraViT (2025) 6792 8825 90.22 82.13 | 54.60 9033 8696 7730 | 8639 91.22 96.33 91.31
FACT (Ours) 72.61 9091 9297 8550 | 5895 9044 8781 79.07 | 89.72 9297 9690 93.20
A +2.92 +0.62 +1.52 +1.85 | +0.13 +0.11 +0.29 +0.62 | +2.25 +0.86 +0.57 +1.25

“INT represents the difference in metrics between our method and the second-best method.



Experiment

(see Tab. 14)

Diseases Prevalence Group - Methods -
MultiCo(2025) LDR(2024) HydraViT(2025) @ Ours i

Adenopathy 1.19% Middle 68.50 70.69 76.28 78.55 +2.127
Atelectasis 28.26% Head 79.42 80.05 80.11 80.19 +0.08
Azygos Lobe 0.06% Tail 69.77 73.28 69.72 8539  +12.11
Calcification of the Aorta 1.46% Middle 76.90 85.88 81.74 8795  +2.07
Cardiomegaly 30.38% Head 79.04 79.45 79.52 78.58 -0.94
Clavicle Fracture 0.06% Tail 58.55 62.96 64.67 76.23 11.56
Consolidation 6.82% Middle 74.90 76.62 76.98 76.60 038
Edema 17.18% Head 82.82 83.39 84.15 8340 -0.75
Emphysema 1.36% Middle 82.00 86.98 88.60 88.19  0.41
Enlarged Cardiomediastinum 11.18% Head 55.34 55.49 59.45 58.61 -0.84
Fibrosis 0.41% Tail T6.40 85.06 87.89 8921 +1.32
Fissure 1.00% Middle 59.03 67.64 68.02 76.63 +8.601
Fracture 4.34% Middle 64.02 68.41 70.50 7405 +3355
Granuloma 0.97% Tail 70.36 73.46 73.82 76.16 +2.34
Hernia 1.40% Middle 74.88 85.77 84.76 85.57 -0.20
Hydropneumothorax 0.26% Tail 74.78 90.67 93.14 93.82 +0.68
Infarction 0.29% Tail 49.14 51.67 56.27 61.04 +4.77
Infiltration 3.72% Middle 54.65 56.80 57.71 58.10  +0.39
Kyphosis 0.20% Tail T8.13 87.99 86.07 90.19 +2.20
Lobar Atelectasis 0.06% Tail 48.99 82.26 78.35 85.03 +277
Lung Lesion 0.92% Tail 65.33 69.70 73.82 7636  +2.54
Lung Opacity 31.69% Head 74.07 T4.83 75.64 7577  +0.13
Mass 2.03% Middle 70.21 73.62 75.34 7745  +221
Nodule 2.63% Middle 69.90 72.41 72.91 7491  +2.00
Normal 12.28% Head 79.27 78.98 79.58 7942 -0.d6
Pleural Effusion 29.27% Head 89.42 89.89 90.42 8992  -0.50
Pleural Other 0.20% Tail 64.56 81.37 82.13 8349 +136
Pleural Thickening 1.12% Middle T1.28 77.81 79.55 8325  +0.70
Prneumomediastinum 0.31% Tail 56.93 73.61 80.06 8341 4335
Pneumonia 16.84% Head 60.35 61.92 62.68 6249  -0.19
Pneumoperitoneum 0.24% Tail 61.81 71.14 74.33 7991 +5.58
Pneumothorax 6.31% Middle 78.86 80.56 82.67 8270  +0.03
Pulmonary Embolism 0.66% Tail 49.56 51.52 58.94 5937  +043
Pulmonary Hypertension 0.35% Tail 58.81 75.02 76.71 77.94  +1.23
Rib Fracture 3.29% Middle 62.23 67.68 70.88 7414 +3.26
Round(ed) Atelectasis 0.05% Tail 57.21 92.11 92.59 90.18  -2.41
Subcutaneous Emphysema 0.97% Tail 90.49 94.16 95.59 96.08 +0.49
Support Devices 41.42% Head 91.79 91.75 91.85 92,53  +0.68
Tortuous Aorta 1.11% Middle 73.47 75.63 78.35 79.68 +1.33
Tuberculosis 0.72% Tail 69.28 71.47 76.03 76.60  +0.57

“I represents the difference in metvics between our method and the second-best method.
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Experiment

Effectiveness of polysemy modeling using Atomic Visual Space

NIH-Chest (8 Top Atoms) RSNA-IHD (8 Top Atoms)
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Experiment

Effectiveness of polysemy modeling using Atomic Visual Space

ODIR-5K (8 Diseases) RSNA-IHD (5 Diseases)
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Experiment

Effectiveness of Fuzzy membership using Gaussian kernel

Kernel ODIR-5K NIH-Chest RSNA-THD

ernets mAPt F1t AUCt Avel | mAPt FIt  AUCT Avet | mAPT  FIt  AUCT  Aved
Linear 69.94 89.64 91.82 8380 | 5194 89.85 8723 7634 | 89.15 92.16 96.64 92.65
Cosine 68.93 89.66 91.66 8342 | 5269 90.15 8745 7676 | 89.14 92.03 96.65 9261

Laplacian 3098 8536 76.20 6418 | 2763 BET0 V604  64.12 | 48,66 T4.80 T3 15 6554
Polynomial | 33.85 14.64 7647 41.65 | 3576 1258 7517 41.17 | 8697 2846 91.22 68.88
Ours 72.61 9091 9297 8550 | 5895 9044 8781 79.07 | 89.72 9297 9690 93.20




Experiment

Ablation Study
@ Atomic Visual Space
@ Comorbidity Topology
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Robusthess on

tong-tailed dataset

No. | T @ | mAPt FIT AUCT | Ave.l

#1 | X X 6073 B8BE38 EET9 | 7930

#2 | X 7031 90.00 9262 | 84.31]

#3 | X v 6912 9070 9242 | B4.08

#4 | v v T2.61 9091 9297 | B5.50
No Topo. Objec. Groups

w wo | Ligsy LCpee | Head Middle  Tail
#1 | v X X v 7414 T71.13  67.16
#2 X v X 72.59 6829 7287
#3 | X v X 7383 7192 7430




Experiment
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Thanks For Your Attentiovn

Open Source

[=] e [=]

Please feel free to contact us!
|

cyy262511@gmail.com E
yzhang@scu.edu.cn

For more experimental results, please follow our articles
The resources will be released in this GitHub repository
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