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https://docs.google.com/file/d/1UQy9Q83yidTs5CLwiI-DgibqqyoKsdIC/preview
https://docs.google.com/file/d/189KxS9QEG7ltGQuffEjAKZte77YLFfoJ/preview
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Uncertainty-aware Scene Understanding
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Uncertainty types in Deep Learning

► Aleatoric and Epistemic Uncertainty 

[1] Hüllermeier, Eyke, and Willem Waegeman. "Aleatoric and epistemic uncertainty in machine learning: An introduction to concepts and methods." Machine learning 110, no. 3 (2021): 457-506.

Aleatoric Uncertainty
Overlapping classes

Epistemic Uncertainty
Insufficient data
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Aleatoric Uncertainty

Hanieh Shojaei, Q. Zou, and C. Brenner. "Calibrated 
and Efficient Sampling-Free Confidence Estimation for 
LiDAR Scene Semantic Segmentation." CORL 2025

2025 Conference on Robot Learning

When the input data is noisy or ambiguous, the 
model predicts not just a single output, but also a 

variance!
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Aleatoric Uncertainty
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Aleatoric Uncertainty
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Aleatoric Uncertainty
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Aleatoric Uncertainty
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Aleatoric Uncertainty
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Aleatoric Uncertainty

► Our work is better calibrated compared to the Baselines!

Backbone: RangeViT Backbone: SalsaNext

Hanieh Shojaei, Q. Zou, and C. Brenner. "Calibrated and Efficient Sampling-Free Confidence Estimation for LiDAR Scene Semantic Segmentation." CORL 2025
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Epistemic Uncertainty
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Epistemic Uncertainty

Standard Neural Network Bayesian Neural Network 
(BNN)
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Epistemic Uncertainty

Bayesian Neural Network 
(BNN)
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Epistemic Uncertainty
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Deep Ensembles
n-times repetitions with n networks

..
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Epistemic Uncertainty

Final Prediction
Averaged Prediction

Epistemic 
Uncertainty
Entropy of Final 

prediction

Multiple 
Predictions 
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Epistemic Uncertainty
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GMM:Generative Classifier

► GMM-GIG



Uncertainty Estimation in LiDAR Semantic Segmentation Using GMMs| 16.09.2025 Hanieh Shojaei| 19

GMM-GIG: Bayesian Generative Classifier 

► GMM-GIG class-conditional densities 



Uncertainty Estimation in LiDAR Semantic Segmentation Using GMMs| 16.09.2025 Hanieh Shojaei| 20

GMM-GIG in LiDAR Semantic Segmentation

► GMM-GIG
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GMM-GIG Epistemic Uncertainty
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GMM-GIG in LiDAR Semantic Segmentation

► GMM training via Expectation Maximization to find GMM parameters
► Modeling the distribution over GMM parameters by GIG
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► Model Calibration (ACE)
▪ Confidence Histogram (Reliability Diagram)

Experimental Results for GMM-GIG
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► Improved Classification Accuracy (mIoU  )

► Improved Calibration Error (ACE  )

► Improved Failure Prediction (AUROC  , AUPR  )

Experimental Results for GMM-GIG

Experiments on SemanticKITTI dataset
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► Improved Out-of-Distribution Detection* 

Experimental Results for GMM-GIG

Hanieh Shojaei, Claus Brenner. “Out-of-Distribution Detection in LiDAR Semantic Segmentation Using Epistemic Uncertainty from Hierarchical GMMs”.  GCPR 2025*
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Experimental Results for GMM-GIG
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► GMM-GIG : Ensemble of GMMs, instead of one deterministic GMM
▪ Epistemic uncertainty estimation

▪ Better calibrated predictions

▪ More accurate classification

► Applications of epistemic uncertainty
▪ Failure detection

▪ OOD detection 

Conclusion
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► Label prediction for our LiDARs: Hesai64 and Ouster128
▪ without annotated data

• Performance is poor

Future plans
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► Label prediction for our LiDARs: Hesai64 and Ouster128
▪ without annotated data

• Performance is poor:
– Test-time entropy minimization
– Unsupervised contrastive adaptation

▪ With only a few annotated scans

• Fine-tune GMM parameters using few-shot updates 

Future plans
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Thank you for your attention!

Hanieh Shojaei 

hanieh.shojaei@ikg.uni-hannover.de 


