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ABSTRACT: (250 OR FEWER WORDS)

The aim of this project is to develop a strategy to accurately detect a laser-spot in low-resolution images and to
track the laser-spot in varying background and illumination conditions. Detection will be based on feature
extraction and classification. The tracking techniques will be based on motion-related segmentation as well as the
Kalman and particle filters. The initial focus will be on detecting the laser-spot in static and simple backgrounds.
Subsequent efforts will focus on dynamic, complex, and noisy backgrounds. The final goal will be to improve the
computational efficiency by embedding the detection and tracking strategy into a multi-core processing architecture.

PROBLEM:

This project will focus on developing a strategy to detect and track laser-points in varying background and
illumination conditions.

RATIONALE:

Lasers are used extensively in the development of smart munitions for targeting and for guiding munitions. It is
equally important to be able to detect and track lasers in related counter-measure applications. A successful
completion of this project will have a major impact on improving upon these applications and also help identify
new real-time applications

APPROACH:

In order to achieve the goal of this project, an ensemble of algorithms will be developed to detect various laser spots
and to track the detected spots. Specifically, the algorithms that will be developed include:
1. Laser-spot detection: Develop algorithms to segment [1,2] and detect spots with varying shapes and sizes by
extracting characteristic features [3] that are invariant to background and illumination conditions. The detection
problem will be formulated as classification problem [4],[5] that will work in conjunction with the selected feature
set. Additionally, noise reduction filtering and contrast enhancement algorithms will be developed to facilitate the
detection of the spots.
2. Laser-spot tracking: Develop algorithms to track the detected spot based on template matching [6], Kalman
filtering [7], and partical filtering [8].

The approach that will be followed will first design and test the detection and tracking algorithms in highly
constrained environments consisting of simple backgrounds and illumination conditions. The complexity of the
problem will be progressively increased by decreasing the number of constraints systematically.

NOVELTY:

The topic of this project was proposed by Rockwell Collins because they anticipate numerous applications that will
benefit from the accurate detection and tracking of laser-spots. The approach proposed in this project is quite unique
and novel in its formulation.



POTENTIAL BENEFITS TO INDUSTRY MEMBERS:

Rockwell Collins has indicated that they envision several novel applications resulting from the development of
the proposed laser-spot detection and tracking algorithms.

DELIVERABLES:

Rockwell Collins will periodically define the steps of the project problems and SIUC will provide them with the
technical background and algorithms to solve the problems.

TIMELINE/MILESTONES: (PER QUARTER)

1% Quarter: Acquire laser-spot videos in simple environments and begin developing detection and tracking
algorithms.

2" Quarter: Test and evaluate the detection and tracking algorithms.

3 Quarter: Acquire laser-spot videos in complex and noisy environments and test the detection and tracking
algorithms.

4™ Quarter: Improve the detection and tracking algorithms, perform objective evaluations as functions of
background complexity, illumination, and noise.

TECHNOLOGY TRANSFER:

Upon completion of the project, the potential for technology transfer will be quite high because new and robust
techniques for laser spot detection and tracking will be developed.

BUDGET:
Direct cost: $25,000/year
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Abstract: The aim of this project is to develop a strategy to accurately detect a laser-spot in low-resolution images
and to track the laser-spot in varying background and illumination conditions. Detection will be based on feature
extraction and classification. The tracking techniques will be based on motion-related segmentation as well as
the Kalman and particle filters. The initial focus will be on detecting the laser-spot in static and simple
backgrounds. Subsequent efforts will focus on dynamic, complex, and noisy backgrounds. The final goal will
be to improve the computational efficiency by embedding the detection and tracking strategy into a multi-core
processing architecture.

Problem: This project will focus on developing a strategy to detect and track laser-points in varying
background and illumination conditions.

Rationale / Approach: Lasers are used extensively in the development of smart munitions for targeting and for
guiding munitions. It is equally important to be able to detect and track lasers in counter-measure
applications. The approach is to formulate the detection problem in terms of classification and develop
tracking algorithms based the Kalman and particle analysis filters.

Novelty: The topic of this project was proposed by Rockwell Collins. They anticipate numerous applications that
will benefit from the successful development of novel algorithms to detect and track laser-spots.

Potential Member Company Benefits: Rockwell Collins has indicated that they envision several novel
applications resulting from the development of the proposed laser-spot detection and tracking algorithms.

Deliverables for the proposed year: Detection and tracking algorithms.

Milestones for the proposed year: Develop algorithms to:

@) Detect laser-spots in a sequence of images in varying illumination and backgrounds.
(b) Track laser-spots in a sequence of images in varying illumination and backgrounds.
(c) Evaluate the detection and fusion algorithms on a wide range of images.

Progress to Date: THIS SECTION TO BE UPDATED IN JANUARY

Estimated Start Date: August 2014 Estimated Knowledge Transfer Date: August 2015



