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INTRODUCTION
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* Analytics derived from large scale analysis of satellite image data is a key driver
for many geospatial models including global population mapping, risk modeling, and
critical infrastructure assessment.

 Making informed national-level decisions based
on image derived analytics such as the spatial
distribution of mobile home parks or the
development rate of new constructions requires
repeated processing of Peta-scale satellite high
resolution image data.

Land Surface ~150 Million km?
Roughly 600 Trillion pixels of half-meter resolution

 The computational process often involves extracting, representing, and identifying
pixel patterns that corresponds to the physical location and condition of different
man-made structures. Mapping pixels to numerical feature descriptors is expensive
but a key step in the computational process.

e Such Peta-scale geo-computation process can easily saturate conventional CPUs.
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RESULTS

SETTLEMENT EXTRACTION
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Compute Multi-scale features
for each pixel block

Divide Image into
pixel blocks

Features are computed for each scale :
— S S . —
ds={ hi;,cl;g:j;s = 01,..N}

N is the total number of scales.
Ljrepresent the index of the pixel blocks

onto the SVM decision

(iii) Gray-Level Co-Occurrence Matrix (GLCM) : g

HOG Statistics
(5 features x 5 scales)

Pixel Block Intensity
Mean and Variance
(2 features x 5 scales)

GLCM Contrast
(1 feature x 1 scale)

Each pixel block mapped to
36-dimensional vector

For each pixel-block at every scale, we reduce
the high-dimensional feature
scalar value by projecting the feature vector

plane,

75 = (WT)S ds

We aggregate three low level features from 5 spatial scales. (i) Histogram of Gradient Orientations (HOG) : h_(if)Local pixel intensity statistics (spectral) : ¢

vectors to a

),

Apply linear SVM Model

Output Settlement Image

N

SVM decision function is given by f(z) = Z z5+b

s=0

At each pixel-block (ij) the SVM decision function

simply becomes f(zi,j) > () for settlement.

Wand b are SVM model parameters

SETTLEMENT CHARACTERIZATION
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Input Image Pixel Level features such as SVM based classifier v Line based representation SVM based classifier Detection :
Intensity , Orientation statistics for screening image and Higher-order feature for semantic classification “Mobile Home Park”
patches extraction
Image patch eliminated based on
pixel-level feature statistics

SOLUTION

 Parallel feature extraction D)
using Single Instruction
Multiple Threads (SIMT)
architecture of GPU.

Discriminatory
models

e Efficient GPU implementation
of multiscale features.

e Exploitation of multi-GPU
architecture for large-scale
image analysis.

e Reduce redundant data

transfers and computations. Multi-scale

features
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0 km? /Sec*

Extraction

*The runtimes are based on a single workstation with 4 GPUs

Processing Time : 5 Hours

8 km?/ Min*

Characterization

Processing Time : 10 Days
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DETECTION ACCURACY

RUNTIME OCCUPANCY
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