
GPU-Accelerated Lidar Data Processing for Building 

High-Resolution Flood Transportation Infrastructure

for each point on road line/polygon:

1. sample neighboring lidar points via quadtree search

2. z-interpolation by minimizing |zmean – zmedian|

3. return zmean as the elevation value
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GIS Baseline: Add Elevation to Road Vectors
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• Parallel computing paradigm: mapreduce

– map(): each lidar tile is a basic computing element; return 

partially computed results

– reduce(): aggregate partial results to produce the final output

– Benefit: each lidar tile is processed only once  

• Maximize the use of vectorized processing

– CPU: numpy vectorized operations

– GPU: customized batch processing using NVIDIA 

Rapids tools (cupy, cudf, cuspatial)

• Spatial indexing 

– Road lines/polygons: R-tree

– Ground & bridge lidar points: quadtree on GPU

Computational Challenges

#units Size Tile extent & size Projection

Central Texas 2017 5811 tiles 608GB ~1.5km x 1.5km; ~15KB-1.8GB (145M 
points)

EPSG:26914, NAD83 / UTM zone 14N
EPSG:6343, NAD83(2011) / UTM zone 14N
EPSG:3721, NAD83(NSRS2007) / UTM zone 14N
EPSG:6369, Mexico ITRF2008 / UTM zone 14N

Bexar-Travis 2021 516 + 3157 = 
3673 tiles

857GB 28cm: ~15ft x 16ft; ~163MB - 1.3GB
50cm: ~5k ft x 5.7k ft; ~11MB - 350MB

EPSG:6578, NAD83(2011) / Texas Central (ftUS)
EPSG:6588, NAD83(2011) / Texas South Central (ftUS)

South Central Texas 2018 528 tiles 30GB ~1.5km x 1.5km; ~40-90MB EPSG:6343, NAD83(2011) / UTM zone 14N

Total 10,012 1.5TB

Road shape data: 75,855 polygons, 285,607 centerlines. Projection: EPSG:32614, WGS 84/UTM zone 14N

Data sources

• Lidar: TxGIO lidar collections (https://data.tnris.org/)

• Road shape: Ecopia road polygons and centerlines

Computational Scalability Study

• Comparison of CPU/GPU indexing and search strategies

• Multi-GPU support for embarrassingly parallel lidar tile processing

Computational Strategies

Tasks Solution CPU/GPU alternatives

find road shapes in 
lidar tile

• R-tree search (CPU, <1s)
Efficiency: 99.99%

too slow without indexing

road lidar cropping • laspy filter (CPU, 1.3s)
• point-in-polygon (GPU, 2.4s)

pdal pipeline (CPU, 3m)
➢ unable to handle complex 

polygons

radius-based neighbor 
search

• quadtree search (GPU, 5.4s, 
0.4GB GPU mem)

• search result aggregation 
(CPU, 0.5s)

• KDtree search (CPU, 4.8s, 46GB 
mem)

• PCL Octree C++: not scalable
• aggregation via pandas 

(5m34s)
• aggregation on GPU (>10m)

z interpolation numpy vectorization (CPU, 0.6s) numpy iteration (CPU, 4.2s)

Benchmark data: 90 million lidar points
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Results

road polygons - total: 129,940 , mean: 16.34 , max: 89

road XYZ points - total: 95.66m , mean: 12k , max: 98.15k

lidar points  - total: 230.42b , mean: 28.98m, max: 163.96m 
ground/bridge - total: 112.71b, mean: 14.17m, max: 103.96m 
road lidar points   - total: 3.86b , mean: 485.09k, max: 9.89m

• Road lidar: 3.86 billion points (1.67%)

• 3D road shape

– LineString Z: 285,558 * / 285,607 

– Polygon Z: 75,833 * / 75,855

• Computational performance

– Processed tiles: 7952 (2060 skipped; not intersected with any roads) 

– 1.96 trillion point-in-polygon tests in road lidar point extraction via mapreduce

– Tile processing time: 3 hours 20 minutes using 4 NVIDIA V100-32GB GPUs

– Parallelism: 6 tiles per GPU

– Road shape aggregation: 8 minutes 32 seconds

– Road lidar aggregation: 3 hours

* Lidar data missing at a small number of road locations

Data Publication

• Public access to the Austin District road lidar data, organized 
by TxDOT maintenance sections:
– https://web.corral.tacc.utexas.edu/nfiedata/road3d/austin_district/AustinMaintenanceSecti

ons_H_epsg6343_V_epsg5703/

• Formats: laz; copc
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• Create a road lidar data collection for 

developing road elevation models and road 

inundation mapping methodologies

• Address computational challenges in 

processing massive lidar point cloud data

• Develop a parallel computing workflow to 

generate road elevation models at regional 

scales

• Spatial extent: the TxDOT Austin 

District

• Lidar data heterogeneity: 

projection, laz/las file version 

&specification, volume

• Costly point-in-polygon tests

– 230b x 75k = ~17.25 quadrillion
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