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Motivation 
Real-world classification data are inherently uncertain due to weakly 

discriminative features, missing values, distribution shift, class imbalance, 
inconsistent label spaces, and class overlap. Traditional probabilistic 
classifiers, however, implicitly assume clean, complete, balanced data. 

Evidence theory (ET), also known as Dempster–Shafer theory, assigns 
belief masses not only to single classes but also to sets of hypotheses. 
This naturally models local ambiguity and conflict, and fuses multi-source 
evidence through Dempster’s combination rule. 

Existing surveys focus on general ET principles or scattered applications. 
This is a survey that systematically organizes data classification based on 
ET (DCET) around six uncertainty scenarios, from both feature-based and 
label-based views, and extends to the deep learning framework and some 
real-world applications. 
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Challenges: six uncertainty scenarios 
Uncertainty in tabular classification arises from the feature side and the label side. 
ET handles each by assigning basic belief assignments (BBAs) and fusing evidence. 

Scenario Root cause ET-based remedy 

High-dimensional 
features (HDF) 

Redundant/noisy features,  
curse of dimensionality 

Feature extraction, selection, 
and reduction 

Missing attribute 
values (MAV) Incomplete training/test patterns Imputation, combination, and 

distribution alignment 

Feature distribution 
shift (FDS) 

Training/test data follow different 
distributions 

Distribution alignment and 
evidential cross-domain fusion 

Imbalanced label 
distribution (ILD) 

Skewed class proportions bias 
the classifier 

Data sampling and adaptive 
evidence combination 

Inconsistent label 
spaces (ILS) 

Unknown/mismatched classes 
across datasets 

Frame of discernment (FoD), 
transformation and evidential 

association rules 

Class overlap (COL) Overlapping classes,  
ambiguous boundaries 

Credal partition and conflict-
aware combination 
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1) Evidence theory fundamentals & EKNN 

Training and query patterns in EKNN 

Core building blocks 

FoD & BBA over the power set 

Dempster’s combination rule fuses multi-
source BBAs; discounting handles 
unreliable sources. 

Evidential K-nearest-neighbor (EKNN) 

Each neighbor of a query pattern yields a 
BBA supporting candidate classes. 

The K BBAs are combined by Dempster’s 
rule; the class with the highest belief is 
chosen. 

Many EKNN variants 

Weighted distance/metric learning (e.g., 
EDML and REKNN). 

Cautious rules & parametric conjunctive  
t-rules (EKNN-PCTRs). 

Adaptive K, multi-view, distributed & local-
approximate EKNN. 
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2) Feature-based uncertainty scenarios 

Classification accuracy w.r.t. feature dimension 

① High-dimensional features (HDS) 

When feature dimensionality is high, complex inter-feature 
relationships increase uncertainty, leading to overfitting, weak 
discriminative patterns, and high computational cost. 

Representative methods: evidential dissimilarity metric learning 
(EDML), rough EKNN (REKNN), sparse reconstructive EKNN 
(SEKNN), etc. 

② Missing attribute values (MAV) 

Missing values reduce the available feature information for classifi-
cation, introduce biases, and make label prediction less reliable. 

Representative methods: credal classification with adaptive 
imputation (CCAI), evidence integration credal classification algorithm 
(EICA), dual joint covariance alignment (DJCA), multi-kind imputation 
with covariance adaptation (MICA), etc. 

③ Feature distribution shift (FDS) 

The feature distributions of training and test data differ, causing 
learned decision rules to generalize poorly to the target domain. 

Representative methods: combination of transferable classification 
(CTC), evidential multi-target domain adaptation (EMDA), multi-target 
domain adaptation based on ET (MMET), etc. 

Data with missing attribute values 

Schematic of source-domain and 
target-domain data 
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3) Label-based uncertainty scenarios 

Imbalanced vs. balanced labels 

④ Imbalanced label distribution (ILD) 

Skewed class proportions bias the classifier toward majority classes 
and degrade generalization to minority-class patterns. 

Representative methods: evidential combination of classifiers 
(ECC), reliability-based imbalanced data classification (RIC), 
evidential reasoning-based ensemble classifier (EREC), etc. 

⑤ Inconsistent label spaces (ILS) 

Because class definitions across datasets are unknown or 
inconsistent, it is difficult to determine which classes actually exist 
and how to map between different label spaces. 

Representative methods: rule mining-based multi-frame decision 
fusion (RMDF), combination of classifiers with incomplete frames of 
discernment (CCIF), etc. 

⑥ Class overlap (COL) 

Samples from different classes share near-decision boundaries, 
making them ambiguously similar and reducing classification 
accuracy. 

Representative methods: belief-based KNN (BKNN), evidential 
classifier (EC), hybrid classification system (HCS), etc. 

Consistent and inconsistent label spaces 

 Data under class overlap (COL) setting 
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4) Deep learning with evidence theory 
 DNN’s softmax outputs are Bayesian BBAs (evidence = Dirichlet parameters); ET 

enables end-to-end uncertainty estimation and separates aleatoric uncertainty from 
epistemic uncertainty.  

 Evidential deep learning (EDL) replaces the softmax layer with a Dirichlet/evidence 
layer, producing BBAs that are fused or discounted before the final decision. 

Representative 
method Idea Task 

EDL Dirichlet output layer; evidence =  
pseudo-counts Classification uncertainty 

EDLC Prototypical evidence nodes +  
DS fusion Reliable image classification 

EDNN Hierarchical feature evidence +  
BBA layer 

Open-set / adversarial 
detection 

TMC/ETMC  Trusted multi-view / multi-modal fusion Multi-view / medical diagnosis 
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5) Real-world applications 
① Human activity recognition (HAR) 
Identify daily activities from noisy, redundant multi-sensor data 
ET fuses conflicting heterogeneous evidence under uncertainty. 
Representative methods: multi-criterion analysis framework of sensor 
reliability (MCASR), hesitant fuzzy belief structure (HFBS), etc. 

② Medical image segmentation (MIS) 
Partition medical images into clinically meaningful regions 
Low contrast, blurred boundaries, and noise demand reliable boundary 
estimation. 
Representative methods: co-clustering and fusion based on belief 
functions (CC-BFT), spatial evidential C-means (SECM), etc. 

③ Remote sensing image classification (RSIC) 
Label satellite imagery by land cover 
Spectral variability and multi-source sensing require robust evidence 
fusion. 
Representative methods: evidential combination of multi-color spaces 
(ECMS), spectral–spatial evidential learning (SSEL), etc. 

④ Remote sensing image change detection (RSICD) 
Detect changes between bitemporal remote sensing images 
ET suppresses hard-to-distinguish pseudo-changes from seasonal and 
illumination variation. 
Representative methods: dynamic evidential reasoning (DER), 
homogeneous pixel transformation (HPT), etc. 
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Future research 

Direction Outlook 

Conflict & combination 
rules 

Context-aware, dynamic evidence-fusion rules; 
resolving conflicts among unreliable/multi-source BBAs 

Data representation End-to-end deep pipelines that produce reliable BBAs 
directly from unstructured image/text data 

Limited & open-set data Few-shot/zero-shot evidential learning; open-world 
unknown-class rejection with calibrated BBAs 

Incremental learning  
& scalability 

Class-incremental BBA updating without retraining; 
parallel DS fusion for large class numbers 

Robustness & 
interpretability 

Adversarial-attack-resilient evidence; explainable belief 
contributions for transparent decisions 

Integration with LLMs Quantifying epistemic uncertainty and hallucination of 
LLMs via BBAs; open-evidential reasoning 
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