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( Histogram-based road border line extractor for road extraction
from satellite imagery )
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Abstract

A histogram-based road border line extractor is proposed for an efficient road extraction from the high-resolution
satellite imagery. The road border lines are extracted from an edge strength map based on the directional histogram
difference between the road and the non-road region. The straight and the curved roads are extracted hierarchically from
the edge strength map of the original image and the segmented road cluster images, and the road network is constructed
based on the connectivity. Unlike the conventional approaches based on the spectral similarity, the proposed road extraction
method is more robust to noise because it extracts roads based on the histogram, and is able to extract both the location
and the width of roads. In addition, the proposed method can extract roads with various spectral characteristics by
identifying the road clusters automatically. Experimental results on IKONOS multi-spectral satellite imagery with high
spatial resolution show that the proposed method can extract the straight and the curved roads as well as the accurate
road border lines.

Keywords : road extraction, satellite image, road border line, histogram difference
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Fig. 1. Rectangular template for the proposed road

border line exiractor.
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Fig. 2. Directional histogram differences at P1 and P2:

{a} A IKONOS satelite image with 1 m spatial
resolution, (b) angular histogram difference at
P1, and (c) anguiar histogram difference at P2.
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Extracted edge strength map of the
conventional edge detectors and the proposed
road border line extractor: (a) A IKONOS
satelite image with 1 m spatial resolution, (b)
ED on x direction, {¢) ED on y direction, (d)
Sobel edge magnitude, (e) Canny edge
magnitude, and (f) edge strength map of the
proposed road border line extractor.
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Input satellite image
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Straight road extraction by the proposed road border line
extractor

‘ Image segmentation by binary split algorithm ,
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i Edge extraction from segmented image with road cluster
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‘ Curved road extraction from extracted edges J
r Road border line refinement l
‘ Road center line extraction

Road network formation
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Fig. 4. Flow chart of the road extraction.
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Straight road extraction: (@) A IKONOS satellite
image with 1 m spatial resolution, (b) its edge
strength map, (c) extracted road border line,
results of morphological (d) closing and (e)
opening, and () the extracted road center line.
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Road cluster identification: (a) Segmented image

by clustering, (b) extracted clusters of the
straight road, and (¢} the histogram of clusters
of the straight road.
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Edge extraction from the segmented images
with road clusters: {a) Segmented image with
road cluster #1, (b) segmented image with road
cluster #2, (c) segmented image with road
cluster #3, (d) extracted edge for road cluster
#1, (e} extracted edge for road cluster #2, and
(f) extracted edge for road cluster #3.
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Fig. 9. Comparison with the conventional method: (@
An infrared IKONOS sateliite image, () the
result of the Shackeford et. alltl, and the
results of the proposed method: (¢) the road

center line.
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Fig. 10. Results of the experiment: (a, d) Two IKONOS
satellite images with 1 m spatial resolution, (b,
e) exracted road border lines, and (¢, )
exiracted road center lines.
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Table 2. Results of the road extraction by the proposed
method for Fig 5, 9 and 10.

Correctness Completeness
Fig. 5(a) 88% 9%6%
Fig. 9(a) 83% 88%
Fig. 10(a) 86% 81%
Fig. 10(d) 03% 99%
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