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Abstract 

Occlusion and background interference remain major challenges for pedestrian re-
identification in urban traffic environments. Inspired by uncertainty-aware CLIP-based 
frameworks, this paper introduces an uncertainty-guided feature selection mechanism 
that adjusts the contribution of local visual regions and semantic cues according to 
their estimated reliability. The proposed method is evaluated on two autonomous 
driving datasets with both real-world and synthetic occlusion patterns, covering 
occlusion ratios from 20% to 60%. Comparisons are conducted against attention-based 
and part-based ReID methods, including PCB, OSNet, and transformer-based attention 
models. The proposed approach achieves mAP improvements ranging from 4.5% to 
6.2% under severe occlusion conditions, while maintaining comparable performance 
in fully visible settings. 
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1.Introduction 

Pedestrian re-identification (ReID) in urban traffic aims to associate the same individual 

across non-overlapping cameras mounted on moving platforms. Unlike fixed surveillance 

systems, identity cues in autonomous driving scenarios vary rapidly due to ego-motion, scale 

change, viewpoint variation, and complex dynamic backgrounds. Among these factors, 

occlusion remains a dominant source of error because it removes discriminative body regions 

while introducing mismatched visual content across views. Vehicles, roadside infrastructure, 

and interactions among pedestrians frequently cause partial visibility, leading to abrupt and 

unstable changes in the observable area of a target across frames [1]. Such conditions 

significantly challenge identity consistency and reduce the reliability of appearance-based 

matching. A growing body of research has investigated occlusion handling in pedestrian ReID 

through visible-region estimation, feature refinement, and attention-based suppression of 

interference. Occlusion-aware masking approaches attempt to identify visible body parts and 

reduce the influence of occluded regions during feature extraction [2,3]. Feature refinement 

methods further model relations between reliable and unreliable components to correct 
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distorted global or part-level embedding [4]. Transformer-based architectures enhance global 

reasoning by applying structured attention to local tokens and body regions under partial 

visibility, showing improved robustness on occluded benchmarks [5]. Despite these advances, 

most existing methods rely on fixed partition strategies or implicit attention patterns, which 

limits adaptability when occlusion shapes, positions, and durations vary widely in real traffic 

scenes. Recent studies have begun to reinterpret occlusion as a reliability and uncertainty 

problem rather than a purely structural one. Instead of explicitly reconstructing missing 

regions, uncertainty-aware models aim to down-weight unreliable visual evidence during 

representation learning. Uncertainty-guided attention and context modeling have been shown 

to reduce the impact of background clutter and missing body parts by adaptively weighting 

local features [6,7]. Related ideas have also emerged in vision–language ReID, where 

uncertainty-aware cross-modal alignment accounts for ambiguity in visual observations and 

improves robustness under degraded sensing conditions [8]. These findings suggest that large 

vision–language models provide valuable semantic priors for ReID, but their effectiveness 

depends strongly on how noise and ambiguity are controlled during alignment rather than on 

model scale alone [9,10]. Despite steady progress, several challenges remain unresolved for 

occlusion-heavy pedestrian ReID in urban traffic environments. Occlusion patterns differ 

substantially in shape, spatial distribution, and temporal persistence, while many existing 

studies evaluate only a limited range of occlusion styles, restricting conclusions about 

generalization to real driving scenarios [11,12]. In addition, many attention-based and part-

based methods implicitly treat selected regions as equally reliable, even though background 

fragments or occluding objects may receive high attention under motion blur or low-light 

conditions [13,14]. Transformer-based models further increase representation capacity but 

may amplify unreliable local tokens when the visible region becomes small, particularly under 

severe occlusion or strong background interference [15,16]. These limitations indicate that 

improved modeling of feature reliability is essential for robust identity association. Beyond 

accuracy, reliability is a critical requirement for autonomous driving systems. Overconfident 

but incorrect identity matches can propagate errors to downstream modules such as multi-

object tracking, trajectory prediction, and behavior analysis. This motivates uncertainty-

aware representation learning, where confidence information is explicitly encoded and used 

during matching. Probabilistic embeddings provide a principled alternative to deterministic 

feature vectors by modeling each instance as a distribution in feature space, allowing 

similarity computation to account for ambiguity. Prior work on probabilistic representations 

demonstrates improved stability and confidence estimation in large-scale retrieval tasks, with 
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recent advances reducing computational overhead to practical levels [17,18]. However, such 

representations remain underexplored in occlusion-focused pedestrian ReID for autonomous 

driving. Motivated by these observations, this work proposes an occlusion-aware pedestrian 

ReID framework based on uncertainty-guided feature selection. Instead of treating all local 

regions equally, the proposed method estimates region-level reliability and dynamically 

adjusts the contribution of local visual regions and semantic cues during embedding learning. 

By explicitly modeling uncertainty, the framework reduces the influence of occlusion-induced 

noise while preserving discriminative information from visible regions. Extensive 

experiments are conducted on two autonomous driving datasets containing both real-world 

and synthetic occlusion, covering occlusion ratios from 20% to 60%. The evaluation includes 

representative part-based, attention-based, and transformer-based baselines, as well as 

recent occlusion-focused ReID methods. Results demonstrate consistent improvements in 

mean average precision under severe occlusion while maintaining competitive performance 

in fully visible scenarios. These findings highlight uncertainty-guided feature selection as a 

practical and effective direction for improving pedestrian re-identification reliability in urban 

traffic environments. 

2. Materials and Methods  

2.1 Sample and Study Area Description 

This work analyzes pedestrian images from two autonomous-driving datasets collected in 

urban traffic environments. The dataset includes 68,432 pedestrian samples corresponding to 

21,906 identities. Images are captured by vehicle-mounted cameras operating at road 

intersections, arterial roads, and crowded pedestrian areas. Occlusion arises from vehicles, 

roadside facilities, and interactions among pedestrians. To support controlled analysis, 

synthetic occlusion is applied to part of the data by masking spatial regions, with occlusion 

ratios ranging from 20% to 60%. The samples cover a wide range of clothing styles, body 

proportions, and motion states. Images with incorrect labels or severe truncation are 

excluded before training and evaluation. 

2.2 Experimental Design and Control Experiments 

The experimental design compares an uncertainty-guided feature selection model with 

established pedestrian ReID methods. Part-based approaches such as PCB and compact 

convolutional networks such as OSNet are included as baseline models. Transformer-based 

attention architectures are also evaluated as references for region aggregation. All methods 

follow identical training and testing splits to ensure comparability. The experimental model 
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applies region-level reliability weighting during feature aggregation, whereas control models 

combine regional features without reliability modulation. Experiments are conducted on fully 

visible samples and on subsets with increasing occlusion levels. This setup isolates the effect 

of occlusion on identity discrimination across different modeling strategies. 

2.3 Measurement Procedures and Quality Control 

All images are resized to a fixed resolution and normalized using dataset-specific statistics. 

Feature extraction is performed on predefined spatial regions to retain local body information. 

For each region, a reliability score is computed based on feature stability and activation 

distribution. Mini-batches are constructed to contain balanced identity samples during 

training. To limit noise influence, samples affected by strong motion blur or illumination 

distortion receive reduced contribution during optimization instead of being removed. 

Training behavior is monitored through loss trends and embedding variance. Each 

experiment is repeated three times with different random seeds, and average values are 

reported. 

2.4 Data Processing and Model Formulation 

Let fi
r denote the feature vector extracted from region r of image i. Each region is assigned a 

reliability weight αi
r∈[0,1]  derived from uncertainty estimation. The aggregated 

representation Fi is computed as 

Fi=∑ αi
r

R

r=1

fi
r, 

Where R denotes the number of spatial regions. Identity learning is supervised using a 

softmax-based classification loss, 

Lid=-∑ log
exp (wyi

⊤Fi)

∑ exp (K
k=1 wk

⊤Fi)

N

i=1

, 

Where y
i
 represents the identity label and K is the total number of identities. This formulation 

reduces the influence of unreliable regions under partial occlusion. 

2.5 Evaluation Metrics and Statistical Analysis 

Performance is evaluated using rank-1 accuracy and mean average precision under a single-

query protocol. Results are reported separately for each occlusion ratio to examine sensitivity 

to visibility loss. Statistical stability is assessed by reporting the mean and standard deviation 

across repeated runs. Performance trends are interpreted based on consistency across 
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occlusion levels rather than isolated values. Training, validation, and test sets are strictly 

separated throughout the experiments. 

3. Results and Discussion  

3.1 Performance trends across occlusion ratios 

Across both autonomous-driving datasets, retrieval performance decreases as the occlusion 

ratio increases from 20% to 60%. The rate of degradation differs across method categories. 

Part-based pooling and standard attention aggregation show a rapid decline once large body 

regions are blocked, because the resulting embeddings rely on a limited set of visible patches 

mixed with background content [19, 20]. The uncertainty-guided feature selection model 

maintains higher mean average precision across all occlusion levels, with the largest margin 

observed in the 50%–60% range. In this regime, background interference frequently enters 

the feature map. Reliability weighting reduces the influence of regions with unstable 

activations, so the final representation depends mainly on cues that remain consistent across 

views [21]. A similar motivation has been reported in recent occlusion-aware fusion 

frameworks (Fig.1). 

 

Figure 1 Occlusion-aware feature aggregation with region reliability weighting for pedestrian re-identification. 

3.2 Comparison with PCB and OSNet 

PCB shows competitive performance under low occlusion because stripe-based partitioning 

preserves local structure when most body parts remain visible. Its limitation becomes evident 

under irregular occlusion. Occluding objects often block the torso or legs unevenly, which 

causes fixed stripes to combine foreground fragments with occluders and reduces cross-view 

consistency. OSNet captures multi-scale information and handles scale variation, but it still 
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aggregates features from regions dominated by vehicles, poles, or nearby pedestrians when 

visibility is limited. Under 50%–60% occlusion, these effects increase the number of false 

matches between identities sharing similar background layouts. The uncertainty-guided 

selector reduces this error source by lowering the contribution of unreliable regions, which 

improves ranking stability while maintaining comparable accuracy in fully visible settings 

[22,23]. 

3.3 Comparison with transformer attention baselines and related occlusion 
models 

Transformer-based attention improves global context modeling but remains sensitive to 

saliency shifts introduced by occluders. Under heavy occlusion, high-contrast objects often 

receive strong attention, and the corresponding tokens increase similarity scores between 

different identities captured in similar traffic scenes. The uncertainty-guided mechanism 

limits this effect by applying reliability weighting before region aggregation. As a result, 

unstable regions cannot dominate the final descriptor even when attention responses peak 

[24,25]. This behavior differs from attention-only strategies that rely on sharper focus 

without explicit reliability control. Similar attention-enhanced ViT designs have been 

reported for occluded ReID (Fig.2), where improved token discrimination is observed, but 

performance remains affected when unreliable regions dominate the visible area. 

 

Figure 2 Vision transformer with attention-based region modeling for pedestrian re-identification under occlusion. 

3.4 Error patterns, ablation interpretation, and remaining limits 

Qualitative inspection reveals two frequent error patterns in baseline models under high 

occlusion. The first involves background-driven matches, where large occluders appear in 

similar spatial locations across camera views and lead to high similarity between different 

identities. The second involves part misalignment, where visible limbs fall into different 

stripes or tokens across views and weaken identity consistency. With uncertainty-guided 
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selection, both error types occur less frequently because regions with unstable evidence 

receive lower weights, and similarity scores become less sensitive to occluder texture. 

Ablation results follow the same trend. Removing reliability weighting mainly affects 

performance in the 50%–60% occlusion subsets, while differences under full visibility remain 

limited. Remaining errors are concentrated in cases of near-complete occlusion or strong 

truncation, where discriminative cues are scarce and single-frame inference offers limited 

recovery. This observation indicates that region selection alone cannot fully resolve extreme 

occlusion and that sequence-level reasoning is required in such cases [26]. 

4. Conclusion  

This work addresses pedestrian re-identification in urban traffic scenarios where occlusion 

and background interference are common. A feature selection strategy guided by uncertainty 

is introduced to adjust the contribution of local visual regions based on their reliability, 

instead of assuming equal importance across all regions. Experiments on autonomous-driving 

datasets with controlled occlusion levels show higher mean average precision under 

moderate and severe occlusion, while performance under full visibility remains comparable 

to existing methods. These results show that reducing the influence of unreliable regions 

during feature aggregation helps limit occlusion-related noise and background bias when 

visible body parts differ across views. The proposed method is suitable for vehicle-based 

multi-camera tracking systems operating in crowded or visually complex environments, 

where partial visibility is frequent. By relying on region-level reliability rather than explicit 

occlusion masks, the approach remains applicable across varied occlusion patterns without 

additional supervision. Several limitations should be noted. The current design does not 

model long-term temporal continuity, which restricts its effectiveness when pedestrians are 

almost fully occluded. In addition, the evaluation focuses on single-frame representations and 

does not fully use information from consecutive frames. Future studies will explore sequence-

level modeling and temporal uncertainty estimation to further improve identity consistency 

in real-world autonomous driving systems. 
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