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Challenges: HD mapping is increasingly shifting toward vectorized HD mapping, where the map is represented as structured vector elements rather than 

dense rasters. Existing apporaches suffer from generalizability issues as it is evidenced by the the performance drop from old split to new split. We 

suspect that the culprit is the BEV feature extraction, as it is the building block for the vector module that generates the final road elements.

Proposal: A probabilistic BEV extraction method would better capture the road geometry and a confidence based temporal aggregation method would 

improve the quality of extracted features.

Perspective to BEV Mapping: We first estimate a confidence map 𝛼′ ∈ ℝ𝐻×𝑊 over the camera features 𝐅 ∈ ℝ𝐶×𝐻×𝑊 , and for each grid cell 𝐛𝑖 ∈ ℝ𝐶 in 

BEV feature map 𝐁raw ∈ ℝ𝐶×ℎ×𝑤 we learn a probability distribution over the camera features parametrized by 𝜇𝑖 , Σ𝑖  and:

with P(·, ·) denoting bilinear sampling and 𝒩 𝜇𝑖,𝑘;  𝜇𝑖 , Σ𝑖  being normalized over K gaussian likelihoods.

History Aggregation: We aggregate features extracted using the perspective features at 𝐁raw with historical features 𝐁hist
raw using their confidence maps 

and update the final confidence map as:

and normalize the results with pointwise summation of 𝛼 and 𝛼hist
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sample K locations and compute their weights wk such that:• • compute bi and corresponding confidence score αi by:  

where

Algorithm

𝑤𝑘 =  𝛼𝑘
′ ·  𝒩 𝜇𝑖,𝑘;  𝜇𝑖 , Σ𝑖

𝜇𝑖,𝑘 ∼  𝒩 𝜇𝑖 , 𝛴𝑖

𝛼𝑘
′ = 𝑃 𝛼′, 𝜇𝑖,𝑘

𝐛𝑖 = ෍

𝑘=1

𝐾

𝑤𝑘 𝑃(𝐅, 𝜇𝑖,𝑘) 𝛼𝑖 = ෍

𝑘=1

𝐾

𝑤𝑘

𝐁raw = 𝛼 ⊙ 𝐁raw + 𝛼hist ⊙ 𝐁hist
raw 𝛼 = 𝛼 ⊙ 𝛼 + 𝛼hist ⊙ 𝛼hist

Input:

• The set of cameras 𝒞
• Historical raw BEV features 𝐁𝐡𝐢𝐬𝐭

𝐫𝐚𝐰

• Confidence scores 𝛼hist

• Selected historical BEV features 𝐁𝐡𝐢𝐬𝐭

• Per-camera encoded features, distance 

masks, and pull indices 

𝐅𝑐 , 𝒅𝑐
mask , 𝜇𝑐

𝑝𝑢𝑙𝑙
| 𝑐 ∈ 𝒞

Output:

• Predicted BEV features B

for each camera 𝑐 ∈ 𝒞 do

 Offset Prediction: 𝜇𝑐
′ ← 𝑓offset 𝐅𝑐 , 𝐝𝑐

mask

 Cov. and Conf. Prediction: Σ𝑐
′ , 𝛼𝑐

′ ← 𝑓conf 𝐅𝑐

 Offset Sampling: 𝜇𝑐
off ← 𝑃 𝜇𝑐

′ , 𝜇𝑐
𝑝𝑢𝑙𝑙

 

 Update Pull Index: 𝜇𝑐 ← 𝜇𝑐
pull

+ 𝜇𝑐
off

 Covariance Sampling: Σ𝑐 ← 𝑃 Σ𝑐
′ , 𝜇𝑐

 Probabilistic Projection:

 𝐁𝑐
raw, 𝛼𝑐 ← 𝑃prob 𝐅𝑐 , 𝜇𝑐 , Σc, 𝛼𝑐

′

end for

Merge Camera Features:

 𝐁raw, 𝛼 ← 𝑀avg 𝐁𝑐
raw 𝑐 ∈ 𝒞 ), 𝑀avg 𝛼𝑐 𝑐 ∈ 𝒞 )

Merge with Historical Raw Features:

 𝐁raw, 𝛼 ← 𝑀conf 𝐁raw, 𝜶,  𝐁hist
raw , 𝛼hist  

Parametric Temporal Fusion: 

 𝐁 ← 𝑓temporal 𝐁raw, 𝐁hist

Save 

 𝐁, 𝐁raw, 𝜶
Return 

 B
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