
Parallel Quadtree Encoding of  Large-Scale Raster Geospatial Data on GPGPUs 
 Nathalie Kaligirwa1, Eleazar Leal1, Le Gruenwald1, Jianting Zhang2, and Simin You3   

1University of  Oklahoma - School of  Computer Science, 2City College of  New York, 3CUNY Graduate Center 

Global remote sensing and large-scale environmental modeling have generated huge amounts 

of  raster geospatial data. While the inherent data parallelism of  large-scale raster geospatial 

data allows straightforward coarse-grained parallelization at the chunk level on CPUs, it is 

largely unclear how to effectively exploit such data parallelism on massively parallel General 

Purpose Graphics Processing Units (GPGPUs) that require fine-grained parallelization. We 

develop an encoding algorithm and work towards obtaining a fine-grained implementation of  this algorithm 

using NVIDIA CUDA GPGPU to code raster geospatial data into a spatial data structure called BQ-

Tree. This structure allows efficient spatio-temporal data compression and query processing. 

Abstract 

•  BQ-Trees can be used for data compression 

and query processing simultaneously. 

•  Encoding can be accelerated using the 

massive parallelism capabilities of  GPGPUs. 
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 Why use GPGPUs? 

ASCI Red: The first teraflop 

machine (1996). 

A Tesla GPGPU (2011) with 

the same floating point  

performance. 

Proposed Solution 

Future Work 

• Integrate the BQ-Tree encoding engine with query processing frontends in databases (e.g. SciDB 

and FastBit). 

• Develop an end-to-end visual analytical prototype system accelerated by GPGPUs for large-scale 

geospatial rasters. 

Algorithm 

BQ-Tree Encoding  on GPGPUs:   

1. All the threads in the GPU work on each of  the bitmaps of  the image to extract bitplanes. 

2. The extracted bitplanes are combined together in small quadrants in parallel .  

3. For each quadrant, a signature which occupies only 2 bits is generated and written to the 

last level of  the BQ-Tree.  

4. From the last-level of  the BQ-Tree , signatures for lower levels of  the tree are generated, 

all the way to the root of  the tree. 
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Experimental Environment 

Data: NASA MODIS band1 of  the North America 2003097 imagery, 22,658*15,586 cells and 

706,295,176 bytes. 

Hardware: SGI Octane III  with 2 Intel Xeon E5520 CPUs, 48 GB RAM and Nvidia C2050 GPGPU. 

Software: gcc 4.6.1 (with O3 for speed) on CPU and the CUDA 4.0 toolkit for the GPGPU. 

Performance Comparison: The BQ-Tree encoding algorithm on GPUs will be compared against a 

CPU implementation. 
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