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	ALERT: Awareness and Localization of Explosives-Related Threats
ALERT 2011 Research Experiences for Undergraduates (REUs)
Awareness and Localization of Explosives Related Threats (ALERT), a Department of Homeland Security Center of Excellence will be selecting up to six (6) science or engineering undergraduate students to work at ALERT laboratories on research projects related to the emerging technology of explosives detection. These REU students will have the opportunity to work for 10 weeks at ALERT facilities in the areas of blast mitigation, Surface Enhanced Raman Scattering (SERS) applications, Remote Raman Spectroscopy (RRS), mechanical response and performance of structures. ALERT supports research thrusts in four areas:

· F1 - Explosives Characterization

· F2 - Explosives Detection Sensors

· F3 - Explosives Detection (ED) Systems

· F4 - Blast Mitigation
The ALERT 2011 REU Program will run from Monday, June 6, 2011 through Friday, August 12, 2011. Student housing will be provided for those who need it. Women, minority students and persons with disabilities are encouraged to apply.
Project Descriptions
F1 - Explosives Characterization: Aging of Explosives and Viability and Sensitivity Over Time – Professor Brandon Weeks, Texas Tech University

At present there is little information on the impact sensitivity of nanoscale energetic materials at various temperatures.  By far the majority of small scale experiments have been conducted at room temperature.  Interrogating the effects of temperature on the sensitivity of explosives is most often performed ex-situ where the explosive is artificially aged at a given temperature and then tested at room temp. As such, there are critical open questions regarding the aging of explosives, their viability and sensitivity over time, and their response to different thermal environments.  The proposed research will answer critical basic science questions that will lead to improved understanding of the performance of energetic materials. 
Drop-weights are fitted with monitoring systems to allow stress-time characteristics of the impact to be measured.  Critical impact limits will be determined. The use of time-resolved spectroscopy will give insight into the temperatures reached and the reaction pathways.  Currently an instrument is available at Texas Tech which will allow for drop-weight tests to be conducted at temperatures ranging from ambient to 300 degrees Celsius.  

This project is suitable for an undergraduate since publishable results can be obtained over a 10 week period and the sample size of the explosive (~10 mg) has no significant handling issues.  An undergraduate student worked on the development of the apparatus in 2008-2009 academic year and a publication is under review.  The project is an ideal outreach tool since students are excited about the use of high explosives and they often perform demonstrations with this apparatus for secondary school students visiting Texas Tech.




F2 - Standoff Radar Detection of Concealed Body-Worn Explosives – Professor Carey Rappaport, Northeastern University
It is tremendously important to detect dangerous concealed targets at a safe distance.  Suicide bombers pose an increasingly critical terrorist threat, and because of their free mobility and ease of concealment, they are particularly challenging to identify.  There are many ways to detect explosives on individuals with intimately close sensors -- such as airport security portals -- but identifying threats at 50 meters is much harder.  Radar is one of the very few means of sensing dangerous objects obscured by clothing half a football field away.
Most people know that radar shows metallic objects flying in air or speeding cars on the highway, and that the microwave energy that radars use for sensing can easily pass through plastic or fabric.  Radar signals will bounce off the shrapnel-generating metal explosive casings, so they should be effective in detecting pipe bombs.  The problem is that skin and muscle tissue contain a great deal of water, so humans reflect radar almost as well as metal.  Even innocent individuals show up as strong signals.

Our research group at Northeastern has been working on ways to improve explosive-detecting radar with improved antenna design and signal processing algorithms to measure the “lumpiness” of the skin surface.  If there are abrupt height changes on the skin, there might be a pipe strapped to it.  These abrupt changes are what we are looking for, and radar can pick them out, even at a safe distance.

REU students would help with the computer simulation of radar and electromagnetic field modeling to predict the details of how the waves bounce around when they interact with characteristic threat geometries.

F2- Explosive Detection Sensors: THz Wave Imaging: From Lab Demonstration to Field Application – Professor X.-C. Zhang, Rensselaer Polytechnic Institute
We develop continuous-wave heterodyne-based-detection Terahertz (THz) imaging system at 0.2 THz to assess the capabilities of THz imaging technology as a Non-Destructive Evaluation (NDE) tool in security and packaging applications.  An undergraduate student will assist a team of one senior researcher and one Ph.D. student to prepare and test the samples and write a report.

F2 - Explosives Detection Sensors:  Testing and Evaluation of an Integrated THz system – Professor X.-C. Zhang, Rensselaer Polytechnic Institute

We have developed several new handheld THz spectrometers which use pulsed fiber laser sources specifically engineered for applications where a lightweight, compact, and robust design is required. Our detector uses newly designed time-delay stages, a recently invented electro-optic phase auto-balance, and an ultra- strong lightweight carbon fiber composite platform. The detector uses fully integrated electronics, including both a high-speed data acquisition board powered by one of Texas Instrument's most powerful DSPs, and a custom designed motion controller, emitter power supply and modulator, and stage controller. An undergraduate student will assist a team of one senior researcher and two Ph.D. students to test and evaluate these spectrometers.
F2 - Remote Raman Spectroscopy Detection of Highly Energetic Materials and Other Chemical Threats – Professor Samuel P. Hernandez-Rivera, Ph.D , University of Puerto Rico, Mayaguez

Ongoing research at the ALERT DHS Center of Excellence F2-F component at the Department of Chemistry at the University of Puerto Rico-Mayagüez centers on optimizing existing in house designed
 and built Remote Raman Spectroscopy (RRS) system toward the application detection of highly energetic materials (HEM). Optimization schemes aim at improving the current system in three main areas: rang (> 100 meters); low limits of detection of bulk and solid HEM deposited on surfaces; and discrimination studies of Raman signatures of realistic HEM-related materials as they pertain to detection of Improvised Explosive Devices (IED).
The applications of this technology in the persistent problem of IED detection and defeat and in vehicle bomb confirmation of detecting traces of active explosives, formulations and degradation products via the methodologies to be developed are at the very heart of the proposed tasks. The methodologies based on RRS detection are non-invasive, rapid: real time or nearly so (1-30 s). Remote distances of more than 140 m have been confirmed. The technology will be ready for adaptation for robot operation and costs should lower upon Security and Defense agencies demand for use. This effort addresses advancing the instrumentation by designing optimized versions of visible (VIS) and near infrared (NIR) Raman Telescopes. It also focuses on the issue of selectivity and other issues that can be used for prediction of spectral signals (signatures and sensitivity) of environmentally exposed explosives and real world explosives and devices containing explosives, such as IEDs. The results of this work will impact RRS as well as any other technique that is being considered for remote measurements of explosives threats.
The outcome of these studies will be a better understanding of the chemical signatures from exposed explosives and the ability to predict the performance of spectroscopic measurement techniques for measuring many different types of explosive materials.
There are several projects under the umbrella of Remote Raman Spectroscopy based sensing of threat compounds. Students from several fields are welcome: Chemistry, Physics, Chemical and Electrical Engineering.
Skills required or to be developed: 
· Literature review of project to be developed

· Scientific notebook and data

· Handling of optics elements

· Instruments to handle:

· Raman spectrometers

· Lasers and optics

· Fiber Optic Coupled Grazing Angle Probe FTIR

· Micro and Macro bench FTIR

· Date acquisition, management and analysis

· Writing scientific reports

· Preparing scientific presentations and papers

Tasks include:
· Fiber optics coupling of monochromators, telescopes

· Sensing on surfaces:

· Sample preparation

· Standards preparation

· Notch/edge and laser line filters optimization; lenses and mirrors

· Remote detection experimental setup

· Detection experiments

· Quantification experiments

· Discrimination experiments

· Analysis of data

· Reports/abstracts/papers
F3 - Explosives Detection Sensor Systems:  Visual Tracking System for Experimental Media and Performing Arts Center (EMPAC) Studio 2 – Professor Richard Radke, Rensselaer Polytechnic Institute

We are designing a visual tracking system for a 2500 square ft black box studio at RPI's new Experimental Media and Performing Arts Center, enabling real-time multi-person tracking for a wide range of homeland security research applications. The system currently consists of 12 network 
cameras and a processing server. The cameras are placed in the catwalk of the studio, viewing the 
floor from directly overhead and fed by power-over-ethernet cables connected to the processing server.  All images are accessible from any authorized terminal on campus, so that users can query the images from cameras and view the tracking results in real-time. 

The current goal of the project is to provide the user with real-time estimates of the (x,y) floor positions of all the people in the studio. 

Summer research projects may include designing automatic multi-person tracking algorithms under complex conditions such as dimly lit or crowded scenes, detecting scene changes or anomalies, investigating interactions with other sensors and actuators such as wall-mounted pan-tilt-zoom cameras, projectors, lights and audio recorders, and creating large-scale environment mock-ups (e.g., airport security screening lines).  We expect the system to become a valuable research testbed and infrastructure addition to EMPAC that will improve the utility of the studio space and promote interaction between scientists, engineers, and artists.
For Additional Information - Contact Kristin Hicks at khicks@coe.neu.edu or (617) 373-5384.









