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SAR Syntheti Aperture Radar
GPS Global Positioning System
PRF Pulse repetition frequency
RDA Range Doppler Algorithm
CSA Chirp Scaling Algorithm
SIFT Scale-Invariant Feature Transform
IS-SIFT Image Segmentation and SIFT
MI mutual information
CFAR Constant False Alarm Rate
GGS Gaussian-Gamma-Shaped
GT Ground Truth
ROC Receiver-Operating-Characteristic
ESM Edge Strength Maps
EDM Edge Directional Map
SPSA Simultaneous Perturbation Stochastic Approximation
LSD Line Segment Detection
NFA Number of False Alarms
VSPM Voronoi Spectral Point Matching
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® Pulse Repetition Frequency (PRF)
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Algorithm 1: LSD: Line Segment Detector
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Input: An Image I,

Output: A list out of rectangles.

I; « Scalelmage (I,S, o= ?)

(LLA, |VI,|, Ordered List Pixels) « Gradient(l;)
USED, pixels with |VI,| < p
NOT USED, otherwise
For each pixel P € Ordered List Pixels do

If Status(P)= NOT USED then

region < Region Grow(P, 1)

rect < Rectangle(region)

While Aligned Pixel Density (rect,7) <D do
region « Cut Region(region)

rect « Rectangle(region)

end

rect < Improve Rectangle(rect)

nfa « NFA(rect)

If nfa < ¢ then

|Add rect « out

end

end

end
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Algorithm 2: Region Grow

input: A level-line field LLA, a seed pixel P, an angle tolerance 7 ,and a Status

variable for each pixel.

Output: A set of pixels: region

1. Add P - region

2. Qregion <LLA (P)

3. SX < Cos (eregion)

4. S, < sin (Oregion)

5. Foreach pixel P € region do

6. For each pixel Q € Neighborhood (P) and Status (Q) # USED do
7. if angle Diff(6,¢gion,LLA(Q)) < 7then
8. Add Q — region

9. Status(Q) « USED

10. Sy « Sy + cos (LLA(Q))

11. Sy « Sy, *sin (LLA(Q))

12. Oregion — Arctan & /s,)-

13. end
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14, end
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Abstract:

Image registration is a way to match two images of a scene taken at different times
or taken using different sensors. One of the purposes for matching of two images captured
from a scene using different type of sensors is to utilize information provided from

different image sensors.

Different geometric features and radiometric characteristics for the two type of
images, as well as the strong speckle noise in radar images, cause the registration of SAR
and optical images becomes severe. In the proposed method we first denoise the SAR
image, and then extract the straight lines of both images. After edge detection stright lines
are extracted using the radon transform. The extracted lines using radon transform are
much more accurate than the Hough transform and LSD. Each pair of straight lines
intersect at a point. We characterize each intersect point using its voronoi cell. VVoronoi
cells divide the image into subregions where each cell surround an intersect point. By
calculating the Hausdorff distance of the VVoronoi cells and the eigenvector method, we
match SAR and optical images. The proposed method has been able to properly match
the intersect points of two images. This results a proper matching of SAR and optical

images.

Keywords: Image Registration, Radon transform, VVoronoi cell, SAR image
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