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Research Guidelines

� This is a full-time job.

� You are working on open research problems.  This means no one 
knows how to solve this problem.  It is expected that the work will be 
hard and at times frustrating.

� This is not a course.  Your mentor will guide you, but not lecture you 
or give you homework assignments.  You will have to do a lot of 
independent learning.

� If you get stuck, you should consult the literature and talk to the 
members of your group.  If you are unsure where to go next, talk to 
your mentor.

� You are expected to become the expert on your problem.

� This REU is whatever you make it!
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Deliverables

� At the end of the summer, you are 
responsible for presenting 3 deliverables 
to the NGA.

1. Final Presentation
2. Final Report
3. Software (Matlab GUI)

� Along the way, we will ask you to make 
progress reports and presentations.

Important Dates
� Monday June 16 -- First Day of REU 

� Monday June 30 -- Literature Survey due 

� Wednesday July 16 -- Midterm Presentations 

� Friday August 8 -- Last Day of REU 
� 10:00 Final Presentations 
� 4:00 CD with final report and software due
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Group Responsibilities
� Each group member will be assigned a 

deliverable to manage.

1. Report coordinator
2. Presentation coordinator
3. Software coordinator

� We will not assign a project leader, so you 
need to decide who does what as a group.

GIP Projects

1.Crime Hotspot Tracking
2.Pan-Sharpening Multispectral Images
3.Gap Detection in Road Networks

� I will ask you to rank your project choices, 
but you might not get your first (or second) 
choice.
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1. Crime Hotspot Tracking
� We obtained data from the LA and Long 

Beach police departments showing the 
location of residential burglaries over the 
last few years.

� There seem to be both spatial and 
temporal patterns in the data.

� We want to identify "hotspots" of criminal 
activity.  We will try to track the hotspots 
and predict their movement.

� We will attempt to use tracking algorithms 
developed for tracking moving objects in 
video.

First Steps

� We have Excel files listing the addresses of 
home burglaries for the last few years.

� The first step is to read the data into Matlab and 
generate videos using kernel density estimation.
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Later Steps
� Learn about basic video tracking methods like 

optical flow.
� Try applying them to the crime data to track 

crime hotspots.

Project Outline
� Generate kernel density estimation maps 

of the burglary data to make videos of the 
data.

� Learn about basic object tracking 
techniques (optical flow, logic models, 
particle filters).

� Apply object tracking to the crime data.
� Evaluate the performance for tracking 

and prediction of crime hotspots.
� Fuse the data with geographical 

information, e.g. street networks from 
Google maps.
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2. Pan-Sharpening Multispectral Images

� A multispectral image is a 4-band image 
(R,G,B,IR).  The multispectral image is often 
low resolution (4m).

� Some satellites include a panchromatic image 
that has higher spatial resolution (1m), but low 
spectral resolution.

4-band multispectral image          Panchromatic image

� The goal of pan-sharpening is to improve the spatial 
resolution of the multispectral image using the 
panchromatic image.

� We fuse the spectral information (colors) of the 
multispectral image with the spatial information (edges) of 
the panchromatic image.

2. Pan-Sharpening Multispectral Images

Original color image                             Pan-sharpened image using P+XS
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First Steps

� The first step is to extract scenes from the 
Quickbird data set.

� Before we can attempt to fuse the images, we 
first have to line them up (image registration).

� The simplest and most common pan-sharpening 
method is IHS fusion.

Later Steps
� We can experiment with 

modifications of the IHS method.
� We want to compare the 

performance of different pan-
sharpening methods.  This means 
we have to develop performance 
metrics.

� Graduate student Michael Moeller 
has been working on different pan-
sharpening techniques for his 
thesis.
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Project Outline
� Extract multispectral & panchromatic scenes 

from the Quickbird data.
� Register the images.
� Implement the IHS image fusion method.
� Experiment with modifications to the IHS 

method.
� Explore performance metrics (correlation, 

classification, entropy, PSIQI).
� Compare the IHS method against other pan-

sharpening techniques (PCA, P+XS, 
wavelets).

3. Gap Detection in Road Networks
� The NGA has large amounts of 

satellite data and an algorithm 
that automatically extracts road 
networks.

� But the road detection algorithm 
has many gaps in the roads.

� Gaps occur because of low 
resolution images, problems in 
the detection algorithm, and 
occlusions over the road such as 
trees and buildings.
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� The goal is to detect the road gaps 
so that they can be filled in by an 
inpainting algorithm.

� Our goal is to detect the gaps, not to 
detect the roads or even to fill in the 
gaps.

3. Gap Detection in Road Networks

First Steps
� The first step is to generate data.
� Starting from aerial images (like Google maps), extract 

road networks.  This could be done by hand or simple 
algorithms.

� As a first try, locate gaps based on local geometry.  For 
example, if you see two dead-ends that are colinear.
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Later Steps
� Later work will involve using the original image data, not 

just the binary road network.
� We could even extend to multispectral images.

Gap or not a gap?                      Gap                      Not a gap

Moffett & Washington Ave in Lake Bluff, IL

Project Outline

� Generate aerial image & road network data.
� Implement geometry-based gap detection 

methods on the road network data.
� Explore gradient-based methods.
� Incorporate the aerial image data.
� Extend to multispectral images.
� Learn about road extraction models.
� Evaluate the performance of the gap 

detection method under different inpainting
schemes (neighborhood-based, CH, 
wavelets).
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GIP Groups
� Team Vader : Crime Hotspot Tracking

� Team Homer : Pan-Sharpening Multispectral Images

� Team Gandalf : Gap Detection in Road Networks

•Ekaterina Merkurjev
•Travis Askham
•Ning Tendo
•Claudia Falcon (arrives next week)

•Sheida Rahmani
•Daria Merkurjev
•Melissa Strait

•Alex Honda
•Nick Meves
•Allan Garcia


