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Exact Approach 𝐆𝐑𝐈𝐃𝐂𝐎𝐌𝐏
𝐄𝐗𝐀𝐂𝐓

Original data points Projected data points

What is PLNNS ？

𝑑 𝑝, 𝑙∗ − 𝑑 𝑝, 𝑙𝑐
∗ ≤ 𝜀

Approximation Approach 𝐆𝐑𝐈𝐃𝐂𝐎𝐌𝐏
𝐀𝐏𝐏𝐑𝐎𝐗

• Point-to-Line Nearest Neighbor Search (PLNNS) finds the nearest 

line for each spatial point and computes its projection onto the line.

• It is a prerequisite step for many road-network analytics.

• Network KDE

• Network K-function

• Network Histogram

• …

• Existing methods process each point independently, leading to high 

computational costs for large-scale datasets.

8.2𝑀 points × 41𝐾 road segments

≈ 3.4 × 1011 distance computations
𝑂(𝑛 𝐿 )

PLNNS  is the bottleneck of many road-network analytics.

Theoretical Guarantee

Key Idea: Grid Compression

Group nearby points into grid cells and reduce point-wise nearest-neighbor computations through 

grid-center representation.

𝑑(𝑐, 𝑙) ≤ 𝑑(𝑐, 𝑙𝑐
∗) + 𝜀

Only lines satisfying this bound need to be examined for exact search.

Grid

Compression

Partition points into 

grid cells.

Find 

Nearest Line

Find the nearest line  for 

each grid center.

Project points onto 

the center's nearest 

line .

Recover 

Projection

For any point 𝑝 in a grid cell, the nearest line of its 

grid center provides an ε-bounded approximation.

Cell size is determined by the required error bound.

Candidate Search Space

The approximation result defines a bounded search region that contains 

the true nearest line of every point in the grid cell..

Refine 

Candidates

Search only the 

remaining candidate 

lines.

Obtain 𝑙𝑐
∗ ​ from grid 

center 𝑐.

Approximate 

Result

Candidate 

Search Space

Keep lines satisfying 

the bound.


