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Research Objective

—Assist pilots with the safe navigation and landing on the runway
—Compare the images of the SVS and the OTW to the images of 

the FLIR
—The SVS, OTW and FLIR images that will be compared are of an 

airplane runway and the surrounding areas from different 
altitudes

—Use the measure of mutual information (MI value) to determine 
the best match between the FLIR and the SVS image pair



Forward Looking Infrared Radar (FLIR)

— An enhanced vision system 
used aid pilots with their 
nighttime vision

— Measures the amount of the 
infrared energy emitted by 
objects in sight and creates an 
image

— Normally, infrared energy is 
invisible to the human eye, but 
FLIR systems are able to detect 
and interpret emissions and 
provide the pilot with an 
image, even in total darkness.



Synthetic Vision System (SVS)

— Created to allow pilots to view 
the runway and surrounding 
area at high altitudes before 
they are visible to the human 
eye

— Displays three-dimensional 
data that enhances flight crew’s 
awareness of the environment 
that they are entering.

— Offers the best possible images 
to the pilots at all 
times, regardless of the outside 
environment



Out of the Cockpit Window (OTW)

—Image taken from a sensor 
with the view from outside 
of the window of the cockpit 
of the airplane

—Provides a real-time image 
of the surrounding around 
the airplane with a different 
aerial view



Image Registration

—Aligning pairs of images in order to match up similar features
—First image is used as the basis for comparison. The second 

image, which is called the reference, is then aligned with 
the input image by spatial transformation (Tx, Ty, , Sc)



Mutual Information

— is the similarity measure used to compare the alignment of two 
images by the probability distribution of image intensities

— is defined by:

where A represents the FLIR image and B represents the SVS or OTW image.

— The probability distributions PA(a) and PB
(b) are computed using the 

histograms, , of the image intensities of A and B 
— PAB

(a,b) is computed using the joint histogram, hAB(a, b) 
— The higher the MI value, the better the match.
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Histogram Matching

— changes the pixel distribution of the SVS/OTW image to match FLIR image.

— modifies the histogram of the SVS/OTW image to be similar to the histogram 
produced by the FLIR image. 

— assist with the alignment of the two images.



Simoncelli Wavelet Decomposition

—Processes the images through high pass, low pass, and/or band 
pass filters

—Each filter produces image at different levels of the 
decomposition pyramid.
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Method 2 

Method 2 consists of the following steps:
—Decompose SVS image to Level 0.
—Crop image to 480x480.
—Apply Histogram Matching to the SVS.
—Register the final SVS against FLIR image.



Search Methodologies

Exhaustive Search Technique
—A range and an increment must be chosen for 

each parameter, (tx, ty, • , sc).
—The reference image is transformed using all 

parameter combinations within the range, and 
MI is calculated.

—The parameter combination with the highest 
MI is chosen as the registration point.



Results

FLIR232 to SVS 232 



Results

Blue SVS 232 Mosaic



Results 

FLIR232 to OTW232
95 ! Tx ! 120, 70 ! Ty ! 100,
-5< •  < 5, 1.37 ! scale ! 1.71

FLIR/
OTW

Tx Ty Theta Scale MI

Blue 104 92 -1 1.47 0.301816

Green 107 90 -1 1.43 0.342446

Red 108 90 0 1.41 0.395927



Results & Discussion
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Conclusion



Future Work

—Register the FLIR232 and SVS 232 from Wallops 
using the optimization algorithm to obtain more 
accurate registration point.

—Obtain registration points for the OTW232 images 
using exhaustive search with the preprocessing steps.

—Determine the best preprocessing method for OTW 
images.
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