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AV computing systems
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What Is ScanMatch?

Scan

Lane 1 Lane 2

Point cloud received 
by LiDAR.
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What Is ScanMatch?

Match
Lane 1 Lane 2

Static landmarks Static landmarks

Compare with static map and get the world coordinate of the vehicle.
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How are static maps organized?

How to store a landmark in static map?
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How are static maps organized?
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How are static maps organized?
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Therefore, static map contains two data structures: cell coordinate and value.

Cell

How to store a landmark in static map?
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How are static map organized?
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Tile N

Tile 1

The whole static map (bird view).
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How are static map organized?
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Tile size: 512 cells (x) * 512 cells (y) * round(
𝑧−ℎ𝑒𝑖𝑔ℎ𝑡

𝑐𝑒𝑙𝑙−𝑠𝑖𝑧𝑒
)

512 cells 

512 cells 
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The whole static map (bird view).

Tile N

Tile 1
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How to perform ScanMatch?
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Possible locations.
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How to perform ScanMatch?
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x

Possible locations

Candidate 1

Candidate 2

Candidate 3

Generate candidates through coordinate transformation.
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How to perform ScanMatch?
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x

Candidate 1

Candidate 2

Candidate 3

Score_candidate_N = σ0
𝑡𝑜𝑡𝑎𝑙−𝑡𝑜𝑢𝑐ℎ𝑒𝑑−𝑐𝑒𝑙𝑙𝑠 𝑐𝑒𝑙𝑙_𝑣𝑎𝑙𝑢𝑒

The candidate has the highest score will be selected as the scan and match result.
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Challenge 1: sparsity in static map

• In real world, most cells are zeros. 
• It is a waste of memory capacity to store these zeros. 
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According to the log analysis, more than 95% cells are zero-valued.
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Challenge 2: AV direction vs. locality
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y

Coordinate index: 
cell-x, cell-y, cell-z

• How the static maps stores in memory.
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• How the static maps stores in memory.
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Challenge 2: AV direction vs. locality
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y

• Neighbor cells in physical map may be far away from each other in the memory.

• Cell index calculation: cell_y + cell_x * 512 + cell_z * 512 * 512

How these cells map in the memory.

512 * 512 cells between these two
cells.

Challenge 2: AV direction vs. locality
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Challenge 3: loading useless data
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• Most loaded cells are useless.

Tile
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Challenge 3: loading useless data
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• Most loaded cells are useless.

Tile
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Design
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Evaluation
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Thank you!
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