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P O I N T  C L O U D SI M A G E S
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Adapt to new tasks and integrate 

data from multiple sensors.

P R O B L E M S

Handle imbalance datasets, limited 

training data and corrupted inputs.
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Understand the 

environment accurately.



Adapt to new tasks and integrate 

data from multiple sensors.

K E Y  C H A L L E N G E S

Handle imbalance datasets, limited 

training data and corrupted inputs.
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C O N T R I B U T I O N  O V E R V I E W  
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Hierarchical Learning for improved class balance.

Semantic-guided transmission.

1. Class Imbalance in 3D Data

Heritage Point Cloud Instance Collection.

Improved Scan-to-BIM via Few-Shot learning.

4. Few-Shot and 3D Reconstruction

D AT A  I M B A L A N C E  A N D  S C A R C I T Y

C O N T R I B U T I O N  O V E R V I E W  
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Enhanced Continual Learning on LiDAR data.

Multimodality for resilient architectures to losses.

2. Continual and Multimodal Learning

Detect corrupted images using FFT and a deep network, 

adapt BN layers of scene understanding models.

3. Robustness to Corrupted Data
4. Few-Shot and 3D 

Reconstruction

1. Class Imbalance 

in 3D Data

D AT A  A N D  L A B E L  D I S T R I B U T I O N  S H I F T S

C O N T R I B U T I O N  O V E R V I E W  
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2. Continual and 

Multimodal Learning

3. Robustness to 

Corrupted Data

1. Class Imbalance 

in 3D Data

4. Few-Shot and 3D 

Reconstruction

Limitations and Future Work.

Conclusion and Final Remarks.

5. Conclusions

C O N T R I B U T I O N  O V E R V I E W  
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[1] Camuffo E., Michieli U., Milani S. “Learning from Mistakes: Self-Regularizing Hierarchical Semantic Representations in Point Cloud Segmentation”, IEEE Transactions on Multimedia, 2023.
[2] Mari D., Camuffo E., Milani S. “CACTUS: Content-Aware Compression and Transmission Using Semantics for Automotive LiDAR data”, Sensors, 2023.

• Hierarchical self-regularization for better class balance in 3D semantic segmentation [1].

• Improved performance on minority classes and efficient semantic-guided transmission [2].

1.  Class Imbalance  in 3D Data



C L A S S  I M B A L A N C E  I N  3 D  D A T A

• Point Cloud datasets are usually not properly balanced, and classes with 

less points are often misclassified by semantic understanding models.

• Most of the errors occur within classes that are semantically similar .
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S E M A N T I C  K I T T I  C L A S S  F R E Q U E N C I E S
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[1] Camuffo E., Michieli U., Milani S. “Learning from Mistakes: Self-Regularizing Hierarchical Semantic Representations in Point Cloud Segmentation”, IEEE Transactions on Multimedia, 2023.
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G E N E R A L  P I P E L I N E

B U I L D  H I E R A R C H I E S



S E L F - R E G U L A R I Z A T I O N  C O M P O N E N T S
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[1] Camuffo E., Michieli U., Milani S. “Learning from Mistakes: Self-Regularizing Hierarchical Semantic Representations in Point Cloud Segmentation”, IEEE Transactions on Multimedia, 2023.
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Macro-aware Fairness score on the micro classes 

promotes homogeneous scores in macro clusters. 

F A I R N E S SP R O T O T Y P E S

Latent features-to-prototype alignment at 2 levels (micro 

and macro) improves class-wise feature discrimination.



R E S U L T S

• Per-class mIoU trend follows point 

frenquency distribution (yellow).

• Balanced results increasing especially 

mIoU of underrepresented classes.

G R O U N D  T R U T H O R I G I N A L L E A K
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[1] Camuffo E., Michieli U., Milani S. “Learning from Mistakes: Self-Regularizing Hierarchical Semantic Representations in Point Cloud Segmentation”, IEEE Transactions on Multimedia, 2023.

Robust Visual Representation Across Modalities In Semantic Scene Understanding

P E R - C L A S S  M I O U P O I N T S  N U M B E R

Qualitative improvements on underrepresented 

classes and across semantically dissimilar clusters.



S E M A N T I C  G U I D E D  T R A N S M I S S I O N

Using semantics can be useful to 

enhance other related tasks, such as 

compression and transmission.
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[2] Mari D., Camuffo E., Milani S. “CACTUS: Content-Aware Compression and Transmission Using Semantics for Automotive LiDAR data”, Sensors, 2023.
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2. Continual and 

Multimodal Learning

3. Robustness to 

Corrupted Data

1. Class Imbalance 

in 3D Data

4. Few-Shot and 3D 

Reconstruction

5. Conclusions

C O N T R I B U T I O N  O V E R V I E W  
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• Enhanced Continual Learning on LiDAR data via knowledge distillation and self -inpainting [3].

• Robust Multimodal (LiDAR + RGB) architecture, resilient to sensory loss and malfunctioning [4].

2.  Continual and Mult imodal Learning

[3] Camuffo E., Milani S., “Continual Learning for LiDAR Semantic Segmentation: Class-Incremental and Coarse-to-Fine strategies on Sparse Data”, CVPRW, 2023.
[4] Barbato F., Camuffo E., Milani S., Zanuttigh P., “Multi-Modal Continual Learning for Semantic Segmentation”, ICIP, 2024.



Learning continuously and adaptively, enabling the 

autonomous incremental development of ever more 

complex skills and knowledge.

C O N T I N U A L  L E A R N I N G M U LT I M O D A L  L E A R N I N G

Inclusion of heterogeneous data to learn 

more information about the scene.

2D and 3D information together.

[3] Camuffo E., Milani S., “Continual Learning for LiDAR Semantic Segmentation: Class-Incremental and Coarse-to-Fine strategies on Sparse Data”, CVPRW, 2023.
[4] Barbato F., Camuffo E., Milani S., Zanuttigh P., “Multi-Modal Continual Learning for Semantic Segmentation”, ICIP, 2024.

C O N T I N U A L  A N D  M U L T I M O D A L  L E A R N I N G
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[3] Camuffo E., Milani S., “Continual Learning for LiDAR Semantic Segmentation: Class-Incremental and Coarse-to-Fine strategies on Sparse Data”, CVPRW, 2023.
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D I S C O V E R Y  O F  N O V E L  S E M A N T I C  C A T E G O R I E S
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D I S C O V E R Y  O F  N O V E L  S E M A N T I C  C A T E G O R I E S

[3] Camuffo E., Milani S., “Continual Learning for LiDAR Semantic Segmentation: Class-Incremental and Coarse-to-Fine strategies on Sparse Data”, CVPRW, 2023.

• Feature Level Distillation (𝓛𝐤𝐝
∗ ): 𝐿𝑝 (𝐿1 or 𝐿2) norm between the 

features of current and previous models.

• Output Level Distillation (𝓛𝐤𝐝): additional Cross-Entropy, where 

labels for past classes are obtained from previous model predictions.

• Background Self-Inpainting: labels for old classes 𝐶𝑘−1 are predicted 

by previous model 𝑀𝑘−1 and inpainted onto background labels of 

current training set 𝑇𝑘.
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M U L T I M O D A L  D A T A  I N T E G R A T I O N
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𝐹𝑖  =  𝑟𝐹𝐶,𝑖 +  (1 −  𝑟)𝐹𝐿,𝑖 for   𝑟 𝜖 [0,1]

𝓛𝑭 = ෍

𝑖=0,1,2,3

𝐹𝐶,𝑖 − 𝐹𝐿,𝑖 2
+ (1 − θ(𝐹𝐶,𝑖 , 𝐹𝐿,𝑖))
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[4] Barbato F., Camuffo E., Milani S., Zanuttigh P., “Multi-Modal Continual Learning for Semantic Segmentation”, ICIP, 2024.
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Point Cloud Align cross-modal features to create a 

symmetric architecture that allows 

understanding even if one modality is missing.

O U T P U T  F E AT U R E



M U L T I M O D A L  D A T A  I N T E G R A T I O N
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ℒ𝐾𝐷 𝒀𝟏, 𝒀𝟐 = − ෍ 𝒀𝟏log 𝒀𝟐

same C→L

L→C
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[4] Barbato F., Camuffo E., Milani S., Zanuttigh P., “Multi-Modal Continual Learning for Semantic Segmentation”, ICIP, 2024.
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Allows to consider 

continual learning:

Knowledge distillation 

performed within the same 

branch or across branches.
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2. Continual and 

Multimodal Learning

3. Robustness to 

Corrupted Data

1. Class Imbalance 

in 3D Data

4. Few-Shot and 3D 

Reconstruction

5. Conclusions

C O N T R I B U T I O N  O V E R V I E W  
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• FROST and PAN frameworks to detect corruptions using FFT and deep models and mitigate 

corruptions via adaptation of normalization layers of understanding models [5,6,7].

3.  Robustness to Corrupted Data

[5] Camuffo E., Michieli U., Moon J., Kim D., Ozay M., “FFT-based Selection and Optimization of Statistics for Robust Recognition of Severely Corrupted Images”, ICASSP, 2024.
[6] Camuffo E., Michieli U., Milani S., Moon J., Ozay M., “Enhanced Model Robustness to Input Corruptions by Per-corruption Adaptation of Normalization Statistics”, IROS, 2024.
[7] Michieli U., Ozay M., Moon J., Kim D., Camuffo E., “Performing a Computer Vision Task”, US Patent App. 18/933,406, 2025.



• Scene understanding models suffer corrupted images.

• Real vs Synthetic Corruptions (approximations):

• 𝜓 ∙ : corruption operator – introduces noise, shift.

R O B U S T N E S S  T O  

C O R R U P T E D  D A T A

B L U R R E D O V E R E X P O S E D

F O G S N O W

[5] Camuffo E., Michieli U., Moon J., Kim D., Ozay M., “FFT-based Selection and Optimization of Statistics for Robust Recognition of Severely Corrupted Images”, ICASSP, 2024.
[6] Camuffo E., Michieli U., Milani S., Moon J., Ozay M., “Enhanced Model Robustness to Input Corruptions by Per-corruption Adaptation of Normalization Statistics”, IROS, 2024.
[7] Michieli U., Ozay M., Moon J., Kim D., Camuffo E., “Performing a Computer Vision Task”, US Patent App. 18/933,406, 2025.
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Image

෤𝑥 = 𝑥 + 𝜓(𝑥)
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image
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1. FROST: FFT features
2. PAN: Deep neural network

1. FROST: trained normalization layers
2. PAN: adapted normalization layers

[5] Camuffo E., Michieli U., Moon J., Kim D., Ozay M., “FFT-based Selection and Optimization of Statistics for Robust Recognition of Severely Corrupted Images”, ICASSP, 2024.
[6] Camuffo E., Michieli U., Milani S., Moon J., Ozay M., “Enhanced Model Robustness to Input Corruptions by Per-corruption Adaptation of Normalization Statistics”, IROS, 2024.
[7] Michieli U., Ozay M., Moon J., Kim D., Camuffo E., “Performing a Computer Vision Task”, US Patent App. 18/933,406, 2025.

H A N D L E  C O R R U P T E D  D A T A

Robust Visual Representation Across Modalities In Semantic Scene Understanding



24 March 2025 Elena Camuffo 31

C O R R U P T I O N  I D E N T I F I C A T I O N

T S N E  O F  C O R R U P T I O N S  F E AT U R E S  ( P A N )

FFT HPF

FROST: Uses High-Frequency FFT amplitudes.

PAN: Uses a Deep Convolutional Network.

[5] Camuffo E., Michieli U., Moon J., Kim D., Ozay M., “FFT-based Selection and Optimization of Statistics for Robust Recognition of Severely Corrupted Images”, ICASSP, 2024.
[6] Camuffo E., Michieli U., Milani S., Moon J., Ozay M., “Enhanced Model Robustness to Input Corruptions by Per-corruption Adaptation of Normalization Statistics”, IROS, 2024.
[7] Michieli U., Ozay M., Moon J., Kim D., Camuffo E., “Performing a Computer Vision Task”, US Patent App. 18/933,406, 2025.
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N O R M A L I Z A T I O N  L A Y E R S ’  A D A P T A T I O N

A V E R A G E V A R I A N C EFROST: Train normalization layers for 

each corruption type separately and 

use them at inference time.

PAN: Adapt normalization layers for 

each corruption type at inference time.
They respond differently depending on the corruption type.

[5] Camuffo E., Michieli U., Moon J., Kim D., Ozay M., “FFT-based Selection and Optimization of Statistics for Robust Recognition of Severely Corrupted Images”, ICASSP, 2024.
[6] Camuffo E., Michieli U., Milani S., Moon J., Ozay M., “Enhanced Model Robustness to Input Corruptions by Per-corruption Adaptation of Normalization Statistics”, IROS, 2024.
[7] Michieli U., Ozay M., Moon J., Kim D., Camuffo E., “Performing a Computer Vision Task”, US Patent App. 18/933,406, 2025.
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S T A N D A R D

S P E C I A L I Z E D
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• Applicable on both synthetic and real corruptions.

• Applicable to different models, datasets and tasks.

[5] Camuffo E., Michieli U., Moon J., Kim D., Ozay M., “FFT-based Selection and Optimization of Statistics for Robust Recognition of Severely Corrupted Images”, ICASSP, 2024.
[6] Camuffo E., Michieli U., Milani S., Moon J., Ozay M., “Enhanced Model Robustness to Input Corruptions by Per-corruption Adaptation of Normalization Statistics”, IROS, 2024.
[7] Michieli U., Ozay M., Moon J., Kim D., Camuffo E., “Performing a Computer Vision Task”, US Patent App. 18/933,406, 2025.
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2. Continual and 

Multimodal Learning

3. Robustness to 

Corrupted Data

1. Class Imbalance 

in 3D Data

4. Few-Shot and 3D 

Reconstruction

5. Conclusions

C O N T R I B U T I O N  O V E R V I E W  
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• HePIC Dataset: heritage point cloud instance collection of large -scale buildings.

• Few-shot learning for Scan-to-BIM instances reconstruction [8].

4.  Few-Shot and 3D Reconstruct ion

[8] Campagnolo D., Camuffo E., Michieli U., Borin P., Milani S., Giordano A., “Fully-Automated Scan-to-BIM via Point Cloud Instance Segmentation”, ICIP, 2023.



⚬ Heritage Point cloud 

Instance Collection (HePIC).

⚬ Novel ad hoc deep network

(BIM-Net++)

⚬ Novel model pre-training 

and class re-weighting.

S C A N - T O - B I M  R E C O N S T R U C T I O N

[8] Campagnolo D., Camuffo E., Michieli U., Borin P., Milani S., Giordano A., “Fully-Automated Scan-to-BIM via Point Cloud Instance Segmentation”, ICIP, 2023.
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F U L LY  A U T O M AT E D  S C A N - T O - B I M  P I P E L I N E



H E P I C  D A T A S E T

[8] Campagnolo D., Camuffo E., Michieli U., Borin P., Milani S., Giordano A., “Fully-Automated Scan-to-BIM via Point Cloud Instance Segmentation”, ICIP, 2023.

Acquired via terrestrial laser scanning and labeled using BIM models manually generated.

91 rooms, each composed of 100k points with both semantic and instance labels.

F L O O R M A P  A N D  S A M P L E S  

F R O M  E R E M I T A N I  C H U R C H  
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F E W - S H O T  A N D  R E W E I G H T I N G  S C H E M E S

[8] Campagnolo D., Camuffo E., Michieli U., Borin P., Milani S., Giordano A., “Fully-Automated Scan-to-BIM via Point Cloud Instance Segmentation”, ICIP, 2023.
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Ad hoc lightweight Network (BIM-Net) using few-shot learning and loss weighting schemes (BIM-Net++).

CLASS FREQ. PARAM.  𝜸:0>1,  𝜸𝒊𝒏𝒗:1>0

ℒ =
𝛾

𝑛
ℒ + 𝛾𝑖𝑛𝑣 ℒ𝑐𝑤𝑐𝑒
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R E S U L T S

[8] Campagnolo D., Camuffo E., Michieli U., Borin P., Milani S., Giordano A., “Fully-Automated Scan-to-BIM via Point Cloud Instance Segmentation”, ICIP, 2023.

C O M PA R I S O N  W I T H  O T H E R

S T AT E - O F - T H E - A R T  A R C H I T E C T U R E S
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2. Continual and 

Multimodal Learning

3. Robustness to 

Corrupted Data

1. Class Imbalance 

in 3D Data

4. Few-Shot and 3D 

Reconstruction

5. Conclusions

C O N T R I B U T I O N  O V E R V I E W  
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5.  Conclusions

[8] Campagnolo D., Camuffo E., Michieli U., Borin P., Milani S., Giordano A., “Fully-Automated Scan-to-BIM via Point Cloud Instance Segmentation”, ICIP, 2023.



C O N C L U S I O N
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Hierarchical Learning for improved class balance.

Semantic-guided transmission.

1. Class Imbalance in 3D Data

Heritage Point Cloud Instance Collection.

Improved Scan-to-BIM via Few-Shot learning.

4. Few-Shot and 3D Reconstruction

D AT A  I M B A L A N C E  A N D  S C A R C I T Y

Enhanced Continual Learning on LiDAR data.

Multimodality for resilient architectures to losses.

2. Continual and Multimodal Learning

Detect corrupted images using FFT and a deep network, 

adapt BN layers of scene understanding models.

3. Robustness to Corrupted Data

D AT A  A N D  L A B E L  D I S T R I B U T I O N  S H I F T S

Overall improvement of existing scene understanding models using these advanced learning techniques.



L I M I T A T I O N S  A N D  F U T U R E  W O R K :  

S E M A N T I C S  F O R  N O V E L  R E P R E S E N T A T I O N S
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• Rapid development of these technologies in the last few years: foundation models and novel visual representations .

• Future Work: Develop on top of state-of-the-art technologies to obtain better and faster scene understanding models.

Implict Representation

FM Feature Extraction

features



T H A N K  Y O U

“It is kind of fun to do the impossible.”

Walt Disney
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