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ABSTRACT
Spatiotemporal analytics derived from large-scale analysis
of satellite imagery is a key component in the models used
for global population mapping, risk analysis, and critical
infrastructure assessment. Making informed national-level
decisions based on image derived analytics require process-
ing petabytes of high resolution satellite image data. The
computational process often involves extracting, represent-
ing, and classifying visual data patterns to detect different
types of man-made structures [1]. Computing numerical fea-
ture descriptors from raw image data is an expensive but key
step in the computational process. The scale of the compu-
tational process and the need to repeat the process at time
stipulated intervals can easily saturate conventional CPUs.
As a feasible solution, we have built a computational sys-
tem based on GPGPU architecture for deriving big image
data analytics [7]. In this study, we demonstrate an efficient
GPU implementation for multi-scale feature extraction and
exploit multi-GPU architecture for large-scale image analy-
sis for characterizing human settlements.
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1. COMPUTATIONAL PROCESS
Our first step involves automatically detecting settlement

(buildings, houses, etc.) in sub-meter resolution satellite
images. Given the variations in the appearance and density
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of settlements this problem requires intelligent representa-
tion of pixel data to uniquely characterize the pixels be-
longing to settlement regions. We begin by normalizing the
input image data to have zero mean and unit standard de-
viation. The color image is then converted to a gray band.
To carefully design the data access and execution strate-
gies that can fully exploit GPU’s parallel computational ca-
pabilities we divide the image into non-overlapping square
pixel-blocks. For each of the pixel-block we compute fea-
ture descriptors at several scales based on edge orientations
and co-occurrence of pixel intensity patterns [7]. From the
edge orientations measurements, we computed histogram of
orientation (HOG) and from the co-occurrence of pixel pat-
terns we derived statistics from gray level co-occurrence ma-
trix (GLCM). To capture the characteristics of spatial con-
text around each pixel-block we computed these features at
different scales by considering different sized pixel windows
around each block. The multi-scale feature descriptors com-
puted from the image data are classified into settlement or
non-settlement set based on a linear support vector machine
(SVM) classifier.

The second step of the process involves further classifying
the settlement regions to fine-grained categories such as res-
idential, industrial, commercial, or mobile home parks. In
our current system we further scan the settlement regions
to identify mobile home park locations. Mobile home parks
present a challenging class of scenes for automated detection
from satellite images given their large within class variations
(mobile home parks in California and Louisiana might look
different in terms of appearance and spatial arrangements)
and small between class variances (mobile home park units
might look more like residential neighborhoods). For this
step we detect lines from the image by connecting pixels
having similar orientations. We then examine line patterns
and generate numerical feature descriptors to represent line
patterns for an image patch. We examine overlapping im-
age patches and identify patches containing mobile home
parks by applying a pre-learned classifier. The line extrac-
tion and line pattern representation are computationally in-
tensive steps which are parallelized in the GPU processing
allowing us to detect lines in parallel as instances of multiple
threads and compute feature representation for each image
in parallel manner.

Today, commodity GPUs provides hundreds of cores at
their disposal [8] offering ample opportunities to accelerate
algorithms by exploiting the parallel processing power. Since
the introduction of GPUs, the general trend in increasing



the computational power is to exploit parallelism by exe-
cuting single instruction set on multiple data (SIMD) on
many processors. Recently, computer vision algorithms ex-
ploiting SIMD architecture have shown to provide speedups
of several orders compared to their CPU counterparts [2,
4, 5, 6]. The data parallel nature of the feature descriptor
generation and the pixel processing opens up a wide range
of opportunities for the acceleration and scaling of geospa-
tial processing algorithms. We have used the Compute Uni-
fied Device Architecture (CUDA) to harness the tremendous
computational power and memory bandwidth of the GPU.
The CUDA programming model conveniently allowed the
processing of multiple sub-tasks in parallel over the pixel
blocks at several scales.

It is also important to make careful choices in the data
layout to fully exploit the parallel computational capabili-
ties provided by the GPU processors. In our implementa-
tion the image raster is read using the GDAL (Geospatial
Data Abstraction Library) [4] is initially transferred to the
global memory. A subset of the image data, required by each
thread block, is loaded into a local memory called shared
memory and all the threads within the block can access this
memory at high speed in a highly parallel manner. The con-
stant memory is read-only and provides faster and parallel
data access for CUDA kernel execution. In our implemen-
tation this memory is used to store the pre-computed SVM
classification parameters. As all the threads in a thread
block access the same SVM parameters in Constant mem-
ory, the reads are parallelized resulting in a single read.

2. RESULTS
Our computational system was tested on a benchmark-

ing dataset consisting of 0.6-meter spatial resolution satellite
imagery representing urban cities, rural villages, and sparse
structures from different parts of the world. The system
yielded an accuracy of 85

To further evaluate the performance of the GPU-based
settlement characterization for mobile homes, a benchmark
dataset comprising of mobile home park scenes from 10 dif-
ferent cities in the US was compiled. The database com-
prised of 610 positive samples and 7,813 negative samples of
size 300mx300m collected from USDAâĂŹs National Agri-
culture Imagery Program (NAIP) imagery having a spatial
resolution of one meter. The average overall accuracy is
96.80
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