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1. Executive Summary 

A workshop was conducted to discuss the development of advanced 
reconstruction algorithms for explosives detection equipment based on CT 
scanning. The emphasis was on the development of advanced algorithms by 
third parties, which include people from academia and industry other than 
the incumbent vendors.  A number of areas were identified where third 
parties could contribute. In particular, iterative reconstruction techniques1 
should be useful to security applications. However, a number of issues will 
also have to be addressed before the third parties can participate in the 
development of advanced algorithms. 

  

                                                             

1 Iterative reconstruction is also known as statistical image reconstruction. 
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2. Disclaimers 

This document was prepared as an account of work sponsored by an agency 
of the United States government. Neither the United States government nor 
Northeastern University nor any of their employees makes any warranty, 
expressed or implied, or assumes any legal liability or responsibility for the 
accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe 
privately owned rights. Reference herein to any specific commercial 
product, process or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation or favoring by the United States government or 
Northeastern University. The views and opinions of authors expressed 
herein do not necessarily state or reflect those of the United States 
government or Northeastern University, and shall not be used for 
advertising or product endorsement purposes. 

This document summarizes a workshop at which a number of people 
participated and some made presentations. The views in this summary are 
those of the organizing committee and do not necessarily reflect the views of 
all the participants. All errors and omissions are the sole responsibility of 
the organizing committee. 

This material is based upon work supported by the U.S. Department of 
Homeland Security under Award Number 2008-ST-061-ED0001. The views 
and conclusions contained in this document are those of the authors and 
should not be interpreted as necessarily representing the official policies, 
either expressed or implied, of the U.S. Department of Homeland Security. 

 

  

Algorithm Development 
for Security Applications

                       Final Report 
October 2010 Workshop

2



 
 

3. Introduction 

The Explosives Division (EXD) of the US Department of Homeland Security 
(DHS) Science & Technology Directorate (S&T), in coordination with the 
Transportation Security Administration (TSA), has identified requirements 
for future explosives scanners that include a larger number of threat 
categories, higher probability of detection per category, lower false alarm 
rates and lower operating costs.  One tactic that DHS is pursuing to achieve 
these requirements is to create an environment in which the capabilities of 
the established scanner vendors could be enhanced or augmented by third-
party algorithm development.  A third-party developer in this context refers 
to academics and companies other than the established scanner vendors.  
DHS is particularly interested in adopting the model that has been used very 
successfully by the medical imaging industry, in which university 
researchers develop algorithms2 that are eventually deployed in commercial 
medical imaging equipment.   

One tactic that DHS is using to stimulate academic and industrial third-party 
algorithm development is to sponsor workshops addressing the research 
opportunities that may enable the development of next-generation 
algorithms for homeland security applications.  The first such workshop, 
entitled “Algorithm Development for Security Applications (ADSA) 
Workshop,” was held at Northeastern University (NEU) on April 23-24, 
2009.3  The workshop was led by Professor Michael B. Silevitch (NEU) as 
part of the DHS Center of Excellence (COE) for Awareness and Localization 
of Explosives-Related Threats (ALERT4).   

The main recommendation of the first workshop was to establish grand 
challenges for different aspects of threat detection and different screening 
modalities.  The aspects of threat detection include (1) reconstruction and 
processing of sensor data, (2) image segmentation, (3) automated threat 
detection and (4) improved operator performance.  The screening 
modalities include x-ray computed tomography (CT) for checked and carry-

                                                             

2 When we speak of an algorithm, we are talking about the mathematical steps. The 

actual implementation is the software usually in a general purpose computer. 
3 Final Report, Algorithm Development for Security Applications Workshop, 

Northeastern University, April 23-24, 2009. 
4 ALERT in this work plan refers to the COE at NEU.  
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on baggage, advanced imaging technology (AIT)5, cargo inspection, and 
stand-off detection.  

It was further recommended at the first ADSA workshop that the first grand 
challenge should develop advanced segmentation algorithms from 
volumetric CT data for the purpose of enhancing automated threat detection 
(ATD) algorithms for Explosives Detection Systems (EDS) and for CT-based 
checked baggage scanners for the check-point.   

A second ADSA workshop was held at NEU on October 7-8, 2009, under the 
direction of Professor Silevitch, Harry Martz (LLNL) and Carl Crawford (DHS 
S&T)6.  The purpose of the second workshop was to discuss the efforts 
necessary to continue investigation and development of third-party 
algorithms in particular how to implement a grand challenge for segmenting 
objects from volumetric CT data. In essence, the purpose of the second 
workshop was to review the plan for the CT segmentation grand challenge. 
The objectives the workshop were delineated by the following statement 
from Doug Bauer (DHS S&T): 

“Our overarching goal is to protect the American people better in travel 
environments against an evolving, dynamic range of threats. We need the 
best hardware and best algorithm development. We think that the medical 
field can help provide a framework for us and we brought you together for a 
multidisciplinary approach. How do we preserve openness to innovation? 
How do we meet the near-term requirements of DHS without forsaking 
academic research?” 

A third ADSA workshop was held at NEU on April 27-28, 2010, under the 
direction of Professor Silevitch, Carey Rappaport (NEU) and Carl Crawford7.  
The purpose of the third workshop was to discuss how third parties could 
participate in the development of algorithms for AIT. 

A fourth ADSA workshop was held at NEU on October 5-6, 2010, under the 
direction of Professor Silevitch, Harry Martz and  Carl Crawford (DHS S&T).  

                                                             

5 Advanced imaging technology (AIT), which is also known as whole body 

imaging(WBI), is used to detect for anomalies conclealed under passenger’s 

clothing. 
6 Final Report, Algorithm Development for Security Applications Workshop, 

Northeastern University, October 7-8, 2009. 
7
 Final Report, Algorithm Development for Security Applications Workshop, 

Northeastern University, April 27-28, 2010. 
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The purpose of the fourth workshop was to discuss how third parties could 
participate in the development of reconstruction algorithms for explosives 
detection equipment based on CT scanning. 

The purpose of this report is to present the findings of the fourth workshop.  
Presentations were given by people from academia, incumbent vendors and 
national laboratories on advanced reconstruction. Minutes and notes were 
taken during the workshop. All participants were asked to fill out a 
questionnaire. The findings in this report are based on the presentations, 
minutes, notes and questionnaires.  

This report is organized as follows: The scope and results of the workshop 
can be found in the next two sections. The following material: agenda, list of 
participants, biographies of the participants, minutes, questionnaires, 
presentations and a list of acronyms can be found in the appendices. 
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4. Scope 

The workshop addressed advanced reconstruction algorithms for CT 
scanners. Most of the presentations dealt with medical imaging. However, a 
few presented results for explosives detection. An advanced reconstruction 
algorithm for security should lead to improved performance of explosive 
detection equipment. Performance is defined as increased PD, decreased 
PFA, larger population of explosives being detected and lower minimum 
mass. 

Reconstruction algorithms were discussed for the following scanner types: 

1. Few-view (<50) and multi-view (>150) scanners 
2. Photon integration and photon counting detectors 
3. Single energy, dual energy and spectral CT 
4. Rotate-rotate and non-mechanical rotation 
5. Full and truncated projections 
6. Full and partial rotation 
7. Limited angle 

The types of reconstruction algorithms considered are as follows. 

1. Iterative reconstruction techniques 
2. Sinogram processing, also known as pre-processing 
3. Targeted artifact removal  
4. Hybrid algorithms including improvements to filtered back projection 
5. Image post-processing 

The artifacts considered are as follows. 

1. Blurring 
2. Partial volume 
3. Streaks 
4. Dishing and cupping (low-frequency shading) 
5. Noise 

The sources of artifacts considered are as follows. 

1. Scatter 
2. Beam hardening 
3. Photon starvation 
4. Electronic noise 
5. Detector nonlinearities, cross-talk, speed, afterglow, bad channels, 

radiation damage 
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6. Sampling 
7. Presence of metal 
8. Z-gradients caused by dense objects protruding into slices 
9. Quantum noise 
10. X-ray optics (focal spot and detector sizes, off-focal radiation) 
11. Cone beam divergence not fully corrected during reconstruction 
12. Truncated projections 
13. Photon counting pile-up and dead-time 
14. Helical acquisition (trans-axial motion during data collection) 
15. Limited number of views 
16. Insufficient angular extent of projections 

The following operational topics were also considered. 

1. Acceptance criteria for advanced reconstruction algorithms 
2. Availability of simulation tools and standard phantoms 
3. Requirements for projection data 
4. Funding requirements 
5. Legal/contractual requirements and limitations 
6. Timeline for developing new algorithms 
7. Seeding development of algorithms by third parties 
8. Working with SSI/OUO and classified data 
9. Need to publish 
10. Long term versus short term R&D 

Note that implementation and deployment considerations were not part of 
the scope of the workshop. The implementation considerations included the 
following topics. 

1. Reconstruction speed 
2. Hardware or software implementations 
3. Royalty payments 
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5. Results 

The results of the workshop are organized below as answers to the 
questions that were posed in the questionnaire. The sections and 
subsections below correspond to the list of questions. 

The following points should be considered when reading these results. 

1. This section was created by reviewing the minutes, questionnaires, 
presentations and other notes. 

2. The editors are not in complete agreement on all the points. 

3. Some of the points may be conjecture instead of fact. 

5.1 Opportunities for developing advanced reconstruction 
algorithms  

1. Iterative reconstruction techniques (IRT) are well-suited for security 
applications because the threats (explosives) consist of many voxels. 
Image constraints, such as a smoothness function, are particularly 
applicable to homogeneous threats. Threats with texture may pose a 
problem for IR. IR may have to be applied to the raw data instead of the 
corrected data. Compressed sensing, model based, total variation and 
Simultaneous image reconstruction (SIRT) all looked promising. IRT will 
have to be optimized differently for security than it was for medical. 
High-resolution targeted reconstructions may be necessary if 
computational times are too long for the complete scan field-of-view. 

2. IRT may also be useful to improve the performance of dual-energy and 
spectral imaging.  

3. Sinogram processing may be useful to reduce or eliminate streak, 
cupping and dishing artifacts. These artifacts are caused in part due a 
polychromatic x-ray source, scatter and electronic noise. However, not 
enough time was devoted at the workshop on this topic. 

4. The Kachelrieß method of using localized beam hardening correction 
may be used because the diverse nature of objects (threats and non-
threats) present in luggage. 

5. Image processing may yield the same or similar benefits as IRT. The 
equivalent methods used in medical and nondestructive evaluation 
imaging should be evaluated on scans of luggage. 

6. Simulations could be preformed to assess the impact of different x-ray 
spectra. 

7. Hybrid reconstructions methods (1-2 iterations plus FBP) look 
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promising as a compromise to IRT. 
8. Reconstruction using truncated projections should be considered, 

especially if leading to high-resolution scanning of targeted regions of 
interest. 

9. Combining research into reconstruction and ATR should and could lead 
to better solutions for PD/PFA. 

5.2 Acceptance criteria for image quality  

Security scanners are assessed by PD and PFA on a test performed by DHS 
for TSA.  DHS and TSA do not have requirements on image quality.  However, 
it was stated in earlier ADSA workshops that object splitting, object merging 
and inaccurate estimates of object features, if corrected, may lead to 
increased values of PD and PFA.  These three problems are caused by 
artifacts caused by, in part by, beam hardening, scattering, electronic noise 
and the finite resolution of scanners. The object of a reconstruction 
algorithm is to reduce artifacts in CT scans of luggage. 

An issue, however, is that quantitative metrics will have be developed in 
order to assess the level of artifacts generated by reconstruction algorithms. 
Recommended metrics include:  

1. Modulation transfer function, MTF 
2. Slice sensitivity profile, SSP 
3. Contrast to noise ratio, CNR 
4. Signal to noise ratio, SNR 
5. CNC, Contrast discrimination curve 
6. ROI measurements of noise and artifacts 
7. CT number precision and uniformity 
8. ATR metrics 
9. ROC 
10. PD/PFA for challenging cases 
11. Precision of features of segmented objects 
 
Another issue is that ATRs are known to train on the images that are 
generated with the CT scanners. In particular, above noted issues are 
addressed in the ATRs. Therefore, if the artifacts are reduced, the ATRs may 
have to be modified. It would be useful to have the people working on 
reconstruction algorithms know more about the ATR algorithms.  This step 
may be accomplished by implementing an ATR based on patents in the field 
or using the segmentation algorithms being generated with the grand 
challenge for CT segmentation. 
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5.3 If you are not under contract to or representing an 
incumbent vendor 

What information and material would you need to develop advanced 
reconstruction algorithms?  

1. Better problem statements including descriptions of specific technical 
problems that need to be attacked. 

2. Access to projection data along with the specifications (system models) 
on which the projection data were acquired. Reconstructed images and 
label images would also be useful. 

3. Was not clear to the participants at the workshop how funding would be 
provided. One method to receive funding is to apply to DHS’s long range 
BAA. Information about this BAA can be obtained at baa.st.dhs.gov; look 
for 10-01 on the left hand menu. Other sources of funds include the 
ALERT COE and directly from the incumbent vendors. 

4. Advanced knowledge of what could be published. 
5. Standardized mathematical phantoms and publically available scanner 

simulation code would make it easier to develop and compare 
algorithms. 

6. Comparison tables between medical and security CT scanners. 
7. Mentorship from subject matter experts in the security field. 
8. Benchmark reconstruction codes; e.g., sample implementations of 

correction, FBP and IRT. 
9. CT simulation software. 

What issues would be barriers for your participation? 

1. Work required to be performed in the United States. 
2. Work required to be performed by citizens of the United States or 

holders of green cards. 
3. Not seeing a continued path for funding. 
4. Will take too much time to tune an IRT algorithm for the security 

application. 
5. Not being able to decouple reconstruction from ATR. 
6. Time frame for research too short for a PHD student. 
7. Lack of acceptance criteria for CT scanners used in security applications 
8. Restrictive legal contracts. 
9. Lack of peer-reviewed journals in the security field. 
10. May need access to real scanner data of scans of real threats in order to 

convince vendors or DHS/TSA of the potential of a new algorithm. 
However, may not get access to the data without demonstrating the 

Algorithm Development 
for Security Applications

                       Final Report 
October 2010 Workshop

10



 
 

potential.  

How much time would you need to develop reconstruction algorithms? 

1. There were differing opinions on this question. The answers varied 
between weeks and years. 

What challenge problems are advanced algorithms best suited to solve? 

Best challenge problems are: 
1. Artifact reduction 
2. Images optimized for ATR 
3. Development of scanners with a reduced number of views 
4. The technologies have been matured for the medical imaging field. 

 How much money would it take to get to something actionable? 

1. At least $60k per year for at least 3 years. 
2. Stability of funding is also important. 

Do you want to get involved in the security field? 

1. There was interest if some of the barriers could be broken down. The 
key issues are access to stable funding, access to data and access to 
requirements. 

5.4 If you are working for an incumbent vendor 

How could third parties benefit your company? 

1. Trained third parties could be hired into the companies. 
2. Providing a network of third-parties who could be sub-contracted. 
3. It would be beneficial if DHS funded the training of students who would 

become employees of companies after their graduation. 
4. Developing proprietary technology. 
5. Providing scientific content for marketing. 

How could third parties hurt your company? 

1. If the third parties become competitors. 
2. If the third parties develop intellectual property that has to be licensed. 
3. If there was pressure to incorporate advanced algorithms without 

having the TSA paying for the incremental costs. 
4. Being forced to integrate code or sub-systems from third-parties. 
5. Breaching NDAs. 
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6. Reconstruction times are not predictable. 
7. Too much overhead may be required to work with third-parties. 

What is the best way to use third parties? 

1. As employees, sub-contractors or consultants. 
2. Have DHS fund third parties through the incumbent vendors.  
3. Have students do internships at companies, perhaps under DHS funding 

support. 

5.5 Recommendations for hardware improvements to existing 
CT scanners or recommendations for new types of CT 
scanners for security applications 

1. Photon-counting detectors may be useful to provide additional 
information about the spectral dependence of the linear attenuation 
coefficients of threats and non-threats. DHS should fund a project to 
study the spectral dependence of threats and non-threats. 

2. High resolution, limited field-of-view CT scanners could be built as 
secondary screening devices in order to obtain high-resolution 
information about texture. Algorithms were presented that would 
enable this scanning mode, particularly algorithms that use truncated 
projections. 

3. Scanners with a finite number of views (< 50) could be improved with 
IRT. 

4. In general, future scanners must deliver additional features that could be 
used in an ATR. 

5.6 Workshop positives? 

1. Networking opportunities. In particular, the lively interchange between 
algorithm developers, vendors, and government and national laboratory 
representatives. 

2. Developing a pool of resources. 
3. Accessing technologies outside of security. 
4. Seeing how third parties advanced medical imaging. 
5. Introducing third parties to the incumbent vendors. 
6. Hearing different viewpoints on the problems. 

5.7 Changes for future workshops 

1. More time for networking. 
2. Better description of the problems and acceptance criteria. 
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3. More discussion of funding options. 
4. Breakout sessions. 
5. More control of the time allocated to presenters. 
6. Fixed period of time where presenters cannot be interrupted. 

5.8 Topics for future workshops 

1. Problem statements and acceptance criteria. 
2. Implementation issues. 
3. Deployment issues including royalty payments. 
4. Access to test data. 
5. Who can access sensitive and classified data. 
6. How problems can be modified so that people who cannot access 

sensitive and classified material can participate. 
7. CT reconstruction other than IRT. 
8. Fusing systems (systems of systems). 
9. How to convince TSA to pay for increased performance. 
10. Image quality metrics. 
11. Simulation tools and mathematical phantoms. 
12. Resolution of the participation of the National Labs and foreign 

nationals.  
13. Harvesting best practices from NSF, NIH, DoD, DARPA. 
14. Finances of purchasing, installing, operating and maintaining explosives 

detection equipment. 
15. Concept of operations for deployed equipment. 
16. DICOS including its use for vendor-neutral airports and workstations, 

and deployment of algorithms. 
17. Photon counting detectors and their application to security. 
18. Clarification of what constitutes SSI or Classified material. 
19. AIT – detection, dose and fused systems. 
20. Accessing LLNL’s and SNL’s databases of images and raw data for 

various types of scanners. 
21. The security marketplace outside of the United States. 
22. The connection between image quality and ATR. 
23. ATR 
24. Threat and non-threat characteristics including spectral information (x-

ray) and texture. 
25. X-ray diffraction, diffraction enhanced imaging, index of refraction 

imaging. 
26. Financial models for vendors in the security field. 
27. Return on investment for using third-parties. 
28. Specifications for extant devices and in particular their limitations. 
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29. NIST’s specification for IQ of CT scanners for security 
30. Alternative scanner configurations. 
31. Discussion of which is better: ATR or IQ. 
32. Process to get a security clearance. 
33. Cost reduction of CT scanners. 
34. Advances in x-ray sources. 

5.9 Additional comments  

1. Consider holding a classified workshop. Need to assess how many third-
parties could attend. LLNL offered to host this type of workshop. 

2. Consider changing the financial models for research in this industry 
because the single-largest customer is the TSA and most of the funding 
flows from that agency. A related statement is that competition may not 
be good for the industry. 

3. Third-parties should contact the incumbent vendors directly. 
4. People are invited to talk to LLNL about doing internships and 

sabbaticals at the lab. 
5. Need to find a way to get security clearances for third-parties. DoD 

already has a way to do this. 
6. Need to find a way to get all participants to communicate at future 

workshops. 
7. Need better control of the time and scope given to each presenter. 

Recommendation is to give each presenter ten minutes of uninterrupted 
time. 

8. Consider off-loading some of the roles of the moderator to people who 
will coordinate sessions. 

9. Develop bibliography of material related to security. 
10. Find a journal that will publish papers in this field. Start with IEEE 

Transactions on Image Processing. 
11. Consider reducing the number of speakers, allowed remaining speakers 

to speak longer and add breakout sessions. 
12. System modeling. 
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8. Notes 

This section contains miscellaneous notes about the workshop itself and the 
final report. 

1. This report will be distributed as a hardcopy, via the Internet and a CD, 
subject to approval from DHS. 

2. The timing in the agenda was only loosely followed because of the 
amount of discussion that took place during the presentations and to 
allow for additional times for participants to network. 

3. A session on the viewpoint from an incumbent vendor was added to the 
second day of the workshop. 

4. Some of the questionnaires were transcribed from handwritten versions. 
There may be some errors in transcription. 

5. The role of the National Laboratories in the development of algorithms 
needs further clarification. It was stated that the labs were “honest 
brokers,” meaning that they only wanted to support. However, some the 
national laboratories are generating intellectual property, which they 
license, and may work industry. 
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9. Appendix: Agenda 

October 5, 2010 

 Longwood Hall (Second Floor of Hotel) 

Time Topic Speaker Affiliation 

8:30 AM Registration/Continental 

breakfast 

  

9:00 AM Call to order Carl Crawford Csuptwo 

9:10 AM Welcoming remarks   

 ALERT Michael Silevitch Northeastern 

University 

 DHS Doug Bauer Department of 

Homeland Security 

 National Labs Harry Martz Lawrence Livermore 

National Laboratory 

9:30 AM Introduction and workshop 

objectives 

Carl Crawford Csuptwo 

10:30 AM Initial discussion All  

11:30 AM Reconstruction review Charles Bouman Purdue University 

11:50 AM Advances in CT medical imaging 

reconstruction 

Frederic Noo University of Utah 

12:10 PM Advances in medical imaging - 

large number of projections 

  

 Iterative reconstruction advances Charles Bouman Purdue University 

 Compressed sensing Marc Kachelrieß University of Erlangen 

 Sinogram processing Patrick La Riviere University of Chicago 

 Prior Image Constrained 

Compressed Sensing: Basics and 

Applications 

Tim Szczykutowicz University of 

Wisconsin 

 Photon counting Ken Taguchi Johns Hopkins 

University  

 Iterative reconstruction advances Xiaochuan Pan University of Chicago 

 SIRT Jens Gregor University of 

Tennessee 
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 Artifact reduction and dual 

energy reconstruction 

Yunqiang Chen Siemens 

Longwood Grille (Second Floor of Hotel) 

5:10 PM Reception sponsored by Csuptwo   

Fenway Hall (Second Floor of Hotel) 

6:10 PM Dinner   

 Segmentation grand challenge John Beaty Northeastern 

University 

 Outcomes of ADSA03: whole body 

imaging 

Carl Crawford Csuptwo 

 DHS/TSA topics George Zarur Transportation 

Security 

Administration 

8:10 PM End Day 1    

October 6, 2010 

Longwood Hall (Second Floor of Hotel) 

7:30 AM Continental breakfast   

8:00 AM Day 2 objectives Carl Crawford Csuptwo 

8:15 AM Advances in security reconstruction   

 Similarity and differences in 

medical and security CT 

reconstructions 

Homer Pien Massachusetts 

General Hospital 

 Initial Experience with Iterative 

Reconstruction for EDS 

Samit Basu Morpho Detection 

 A Fixed-Gantry Machine Using 

Iterative Reconstruction for Threat 

Detection 

Andrew Foland L-3 Communications 

 Iterative reconstruction for security Jeffrey Kallman Lawrence Livermore 

National Laboratory 

 Photon counting Tim White Pacific Northwest 

National Laboratory 

10:45 AM Enabling research and 

implementation in advanced 

Carl Crawford Csuptwo 
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reconstruction 

11:45 AM Review, next steps and discussion Harry Martz Lawrence Livermore 

National Laboratory 

1:45 PM Around the room All  

2:45 PM Closing remarks   

 DHS Doug Bauer DHS 

 ALERT Michael Silevitch Northeastern 

University 

3:00 PM Adjourn Carl Crawford Csuptwo 
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Frederic Noo University of Utah 
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Martin Richard Guardian Technologies 

Kristofer Roe Smiths Detection 

Jean-Pierre Schott Lawrence Livermore National Laboratory 

Emil Sidky University of Chicago 

Michael Silevitch Northeastern University 

Sergey Simanovsky Analogic Corporation 

Stephen Skrzypkowiak Transportation Security Administration 

Samuel Song Telesecurity Sciences 

Paul Southam University of East Anglia 

Frank Sprenger XinRay Systems LLC 

Greg Struba Department of Homeland Security 

Ravi Subramanian L-3 Communications 

Zachary Sun Boston University 

Timothy Szczykutowicz University of Wisconsin, Madison 

Katsuyuki Taguchi Johns Hopkins University 

Tim White Pacific Northwest National Lab. 

Suriyun Whitehead Department of Homeland Security 

Adam Wunderlich University of Utah 

Birsen Yazici Rensselaer Polytechnic Institute 

Zhengrong Ying Zomographic LLC 

George Zarur Department of Homeland Security 
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Steve Skrzypkowiak Samuel Song Paul Southam Frank Sprenger Greg Struba 

Ravi Subramanian Tim Szczykutowicz Katsuyuki Taguchi Timothy White Suriyun Whitehead 

Adam Wunderlich Zhengrong Ying George Zarur   

 

Kumar Babu 
Attending in personal capacity 
akbabu2763@mac.com 

Mr. Kumar Babu is the Corporate Vice President of Systems Integration at L-
1 Identity Solutions, Stamford, CT. L-1 Identity Solutions is one of the 
world’s leading providers of systems and technology in all aspects of 
Biometrics  and Secure Credentialing.  Prior to joining L-1, Mr. Babu has held 
many senior and key positions including those of Principal Systems Engineer 
at both Rapiscan and Analogic Corporation, Director of Engineering at L-3 
Communications – Security and Detection Systems and that of  Senior 
Member Technical Staff, in the Advanced Technology division of Texas 
Instruments Defense Systems (now Raytheon). In all he has, over twenty five 
years of experience in project and department management,  systems 
design, hardware and software engineering and algorithm development.  He 
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has a Master’s degree in Electrical Engineering from the Polytechnic 
Institute of Brooklyn, and a Bachelor’s degree in Electrical Engineering from 
Bangalore University.   

Samit Basu 
Morpho Detection 
sbasu@morphodetection.com 

Dr. Samit Basu is the Chief Engineer for Morpho Detection, a division of 
Safran that develops and sells automated explosives detection systems 
based on CT, X-ray diffraction and trace technologies.  Dr. Basu received his 
PhD from the University of Illinois at Urbana Champaign in 2000, and 
worked for the GE Global Research center until 2007 on various CT related 
research and development projects.  Since 2007, he has been with Morpho 
(formerly GE Homeland Protection) located in Newark, California.  Dr. Basu 
is the inventor or co-inventor on 45 issued patents, most of which are in the 
area of CT image reconstruction. 

Douglas C. Bauer 
Department of Homeland Security 
Science and Technology Division 
doug.bauer@dhs.gov 

Dr. Douglas Bauer is the Explosives Division Program Executive for Basic 
Research with management responsibility for multiple programs in basic 
and applied research, homemade explosives (HME) characterization, 
detection and damage assessment, development of the next generation EDS 
x-ray technologies, and counter IED basic research in prevention, detection, 
response and mitigation.  Dr. Bauer also has management responsibility for 
two new university-based Centers of Excellence addressing explosive 
threats in transportation through fundamental research.  Dr. Bauer holds 
engineering degrees from Cornell and Carnegie Mellon Universities (where 
he received his PhD), a law degree from Georgetown University Law Center, 
and a theology degree from Virginia Theological Seminary.  He served in the 
U.S. Navy as a line officer aboard surface ships, including service in DESERT 
STORM, and is now retired as a naval Captain. 

John Beaty 

Northeastern University 

jbeaty@ece.neu.edu 

Mr. John Beaty is the Industrial Liaison and Director of Technology 
Development for Awareness and Localization of Explosives Related Threats 
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(ALERT).  He is also the Director of Technology Development for the 
Bernard M. Gordon Center for Subsurface Sensing and Imaging Systems. Mr. 
Beaty has extensive experience managing research and development for the 
scientific instrument, semiconductor, and government contract industries. 
John spent 30 years with three companies, Thermo Electron Corporation, 
Schlumberger Test and Transactions, and FEI Company developing a wide 
variety of instruments and tools, using diverse technologies. In most 
instances, John procured development resources from a variety of sources: 
government, industry, industry consortia, and venture capital. 

Charles Bouman 

Purdue University 

bouman@purdue.edu 

Dr. Charles A. Bouman is the Michael J. and Katherine R. Birck Professor of 
Electrical and Computer Engineering at Purdue University where he also 
holds a courtesy appointment in the School of Biomedical Engineering and 
serves has a co-director of Purdue’s Magnetic Resonance Imaging Facility. 
He received his B.S.E.E. degree from the University of Pennsylvania, M.S. 
degree from the University of California at Berkeley, and Ph.D. from 
Princeton University in 1989. Professor Bouman's research focuses on 
inverse problems, stochastic modeling, and their application in a wide 
variety of imaging problems including tomographic reconstruction and 
image processing and rendering. Prof. Bouman is the Editor-in-Chief of the 
IEEE Transactions on Image Processing and a member of the IEEE Signal 
Processing Society’s Board of Governors.  He also is a Fellow of the IEEE, 
AIMBE, IS&T, and SPIE and has served Vice President of Publications for the 
IS&T Society. 

Douglas Boyd 

Telesecurity Sciences 

doug@telesecuritysciences.com 

Dr. Douglas Boyd has contributed to the fields of imaging technology, 
accelerator and beam physics, superconducting systems, nuclear physics, 
and medical physics.   Following his graduate studies in nuclear physics at 
Rutgers, Dr. Boyd continued his research at Bell Labs under a post-doctoral 
fellowship program.  He then moved to Stanford University and was the 
project leader for the world’s first pion radiotherapy facility.  As part of this 
program he was one of the early developers of fan-beam, Xenon-detector CT 
scanners.   In 1976 Dr. Boyd joined the faculty in at UCSF with the intent to 
establish a laboratory to develop the next generation of no-motion CT 
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scanners, with emphasis on cardiac imaging.  This led to the foundation of 
Prior of Imatron, Inc., which since 1982 became the leader in development 
of electron beam Cardiac CT Scanners (EBCT).  

Dr. Boyd’s team also pioneered in a number of related imaging 
developments, including the research leading to the first successful 
explosive detection scanners for airports, for which he was awarded the 
prestigious Safe Skies award in 1992. Prior to TSS, Dr. Boyd served as a 
founding director of InVision Technologies, Inc, a company that since 1990 
pioneered in the development of modern CT explosive detection systems 
that are installed at most major airports in the world today.  In 2006, 
realizing that EDS technology had not yet reached its full potential, Dr. Boyd 
established TeleSecurity Sciences with the objective to automate the threat 
resolution process. 

David Brady 

Duke University 

dbrady@duke.edu 

David Brady is the Michael Fitzpatrick Professor of Photonics at Duke 
University and principal investigator for the Duke Imaging and Spectroscopy 
Program. Brady has developed numerous computational and compressive 
imaging systems, including coded aperture snapshot spectral imagers, 
reference structure tomography, compressive holography and multiscale 
optical systems. Brady is a fellow of IEEE, SPIE and OSA. 

Peer-Timo Bremer 
Lawrence Livermore National Laboratory 
bremer5@llnl.gov 

Dr. Peer-Timo Bremer is a computer scientist and project leader at the 
Center for Applied Scientific Computing at the Lawrence Livermore National 
Laboratory (LLNL) since Dec 2006. Prior to his tenure at CASC he was a 
postdoctoral research associate at the University of Illinois, Urbana-
Champaign. Dr. Bremer earned a Ph.D. in Computer Science at the University 
of California, Davis in 2004 and a Diploma in Mathematics and Computer 
Science from the Leipniz University in Hannover, Germany in 2000. 

David Castañón 

Boston University  

dac@bu.edu 
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Prof. David Castañón received his B.S. degree in Electrical Engineering from 
Tulane University in 1971, and his Ph.D. degree in Applied Mathematics 
from the Massachusetts Institute of Technology in 1976.   From 1976 to 
1981, he was a research associate with the Laboratory for Information and 
Decision Systems at the Massachusetts Institute of Technology in 
Cambridge, MA. From 1982-1990, he was Chief Scientist at Alphatech, Inc. in 
Burlington, MA.  He joined the  Department of Electrical and Computer 
Engineering at Boston University, Boston, MA in 1990, where is currently 
professor and served as department Chair in 2007.  Prof. Castañón is 
Associate Director of the National Science Foundation Center for Subsurface 
Sensing and Imaging, co-Director of Boston University's Center for 
Information and Systems Engineering and a member of the Air Force's 
Scientific Advisory Board.  He is also a member of the IEEE Control System 
Society's Board of Governors, and has served as President of the IEEE 
Control Systems in 2008.  His research interests include stochastic control, 
optimization, detection and inverse problems with applications to defense, 
medical diagnosis and homeland security. 

Yunqiang Chen 

Siemens Corporate Research 

yunqiang.chen@siemens.com 

Yunqiang Chen is a Senior Researcher in Siemens Corporate Research at 
Princeton NJ since receiving his PhD from University of Illinois at Urbana-
Champaign in 2002. His research interests include image reconstruction, 
restoration, image registration, multi-modality fusion, and machine learning. 
Dr. Chen has been working on various image reconstruction algorithms for 
latest dual source CT modalities and fast parallel MR imaging, including 
iterative reconstruction algorithms, compress sensing techniques, and fast 
GPU based implementations. Dr. Chen also works on material 
separation/classification and image quality enhancement based on multiple 
sensors or multi-spectral images, including X-ray dual energy imaging for 
medical radiography and security surveillance, Ultrasound 
frequency/spatial compounding techniques and so on. 

Charles Choi 
General Dynamics AIS 

charles.choi@gd-ais.com 

Dr. Charles Choi is a Lead Systems Engineer at General Dynamics Advanced 
Information Systems (GDAIS).  He has served as a lead engineer on several 
programs developing advanced sensor systems from defense to homeland 
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security to medical imaging, ranging from R&D to prototype development to 
fielded operational systems.  Dr. Choi's specific expertise is in system 
engineering and signal and image processing for multiple sensor systems.  
He has led several projects for the U.S. Navy, Defense Threat Reduction 
Agency and serves as the GDAIS representative on the NEMA Digital Imaging 
and Communications in Security (DICOS) standards committee.  Dr. Choi is 
also supporting multiple business development initiatives and projects 
including undersea technologies and homeland security.  He has a BSE from 
Duke University and MS, MSE and PhD from the University of Michigan. 

Carl Crawford 
Csuptwo, LLC 
crawford.carl@csuptwo.com 

Dr. Carl Crawford is president of Csuptwo, LLC, a technology development 
and consulting company in the fields of medical imaging and Homeland 
Security. He has been a technical innovator in the fields of medical and 
industrial imaging for more than 25 years.  Dr. Crawford was the Technical 
Vice President of Corporate Imaging Systems at Analogic Corporation, 
Peabody, Massachusetts, where he led the application of signal and image 
processing techniques for medical and security scanners.  He developed the 
reconstruction and explosive detection algorithms for the Examiner 6000, a 
computerized tomographic (CT) scanner deployed in airports worldwide.  
He was also employed at General Electric Medical Systems, Milwaukee, 
Wisconsin, where he invented the enabling technology for helical (spiral) 
scanning for medical CT scanners, and at Elscint, where he developed 
technology for cardiac CT scanners. He also has developed technology for 
magnetic resonance imaging (MRI), single photon emission tomography 
(SPECT), positron emission tomography (PET), ultrasound imaging (U/S), 
and dual energy imaging and automated threat detection algorithms based 
on computer aided detection (CAD). Dr. Crawford has a doctorate in 
electrical engineering from Purdue University, is a Fellow of the Institute of 
Electrical and Electronics Engineers (IEEE) and an associate editor of IEEE 
Transactions on Medical Imaging. 

Xin Feng 

Marquette University 

xin.feng@mu.edu 

Dr. Xin Feng is an Associate Professor in the Department of Electrical and 
Computer Engineering at Marquette University in Milwaukee, Wisconsin.  He 
obtained his D.Sc. Degree in Systems Science and Mathematics from 
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Washington University - St. Louis.  Dr. Feng has more than twenty years of 
research experience in the areas of Pattern Recognition, Machine Learning, 
Data Mining, Algorithms Development, and Optimization.  He has directed 
20+ Ph.D. students and 50+ M.S. students, and has published 100+ referred 
articles and obtained more than one million dollars in research funding from 
NSF, NASA and other federal agencies. He also has collaborated extensively 
in the industrial setting with several industrial patents in the areas of 
intelligent control and automation, engine temperature control, signal and 
image processing. 

Dr. Feng is a senior member of IEEE, past Chairman of IEEE Computer 
Society-Milwaukee Chapter, and has organized several IEEE conferences and 
symposiums in data mining, machine learning, intelligent control systems, 
and artificial neural networks. 

Andrew D. Foland 

L-3 Communications 

Andrew.Foland@l-3com.com 

Andrew D. Foland received the Ph.D. degree from Cornell University as a 
Fellow of the National Science Foundation.  He has been an assistant 
professor and A.P. Sloan fellow in the physics department at Harvard 
University.  He is the author or co-author of over two hundred papers on 
high-energy detectors, accelerators, statistical methods, theory, and data 
analysis.  He is the lead inventor on over a dozen patents issued and 
pending.  He is currently a senior engineering principal at L-3 
Communications, where he designs X-ray scanning security systems, 
including as lead scientist on L-3's fixed-gantry machine. 

Tom Gamble 

Surescan 

tom.gamble@surescaneds.com 

Dr. Gamble received his B.S. from the University of Michigan, Ann Arbor, in 
1968 and his Ph.D. from the University of California, Berkeley, in 1978, both 
in Physics.  Dr. Gamble is the primary inventor of the x1000 technology. He 
spent over 20 years at ENSCO corporation before joining SureScan in 2007, 
where he is currently Chief Scientist.  Dr. Gamble has 35 years experience in 
physics research, signal processing, system design, and algorithm 
development in a wide range of applications.  These include 
superconducting magnetometer design, exploration geophysics, 
communication and radar Elint, physiologic and hemokinetic monitoring, 
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site security, acoustic and seismic target identification, non-parametric 
pattern recognition, X-ray tomography and machine vision. He holds several 
patents and has numerous publications, including one selected as the best in 
Geophysics in 1980. 

David Getty 

Harvard Medical School 

d.getty@comcast.net 

Dr. Getty is a Senior Research Associate at Harvard Medical School and the 
Center for Advanced Medical Imaging (CAMI) within the Radiology 
Department at Brigham and Women’s Hospital.  Over the past 35 years, Dr. 
Getty has conducted research primarily in three areas: (1) visual pattern 
recognition, (2) image-based medical diagnostic and decision-aiding 
systems, and (3) applications of stereoscopic human vision in medical 
imaging. 

As a now-retired Lead Scientist at BBN Technologies, Dr. Getty developed a 
medical imaging system to acquire and display stereoscopic digital 
mammograms.  In a recent clinical trial conducted at Emory University, 
stereo digital mammography was found to reduce false positive lesion 
detections by 46% compared to standard digital mammography while also 
improving detection of true positive lesions by 23%. 

Steve Godbout 

Optosecurity 

sgodbout@optosecurity.com 

Mr. Godbout is the Director of Technology Engineering at Optosecurity. He is 
responsible for Optosecurity’s algorithm development and scientific 
research team. Following Optosecurity’s CTO lead, his role is also to lay out 
the architectural road map to Optosecurity’s scientific innovations.After 
completing his Ph. D in Astrophysics, Mr. Godbout was awarded a 
government grant for Industrial Post-Doctoral research. With this grant in 
hand, he joined the ranks of the world’s leader in white light 3D digitizing 
hardware, InSpeck. Inc. As a scientific developer for InSpeck, he acquired 
enviable experience in 3D acquisition, modeling and editing. This experience 
carried over to a short period as a game developer at Ubisoft in Québec City 

Mr. Godbout joined the ranks of Optosecurity’s software team in January 
2007 as a scientific developer and soon moved to the Liquids Detection R&D 
team where his experience in physics played a pivotal role over the different 
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incarnations of Optosecurity’s liquid detection software. Mr. Godbout’s work 
and passion for scientific challenges helped him quickly climb the ranks at 
Optoscecurity as he was promoted in 2009 to Senior Technology Architect 
and then to head the entire team as Director of Technology Engineering.  

David Goodenough 
George Washington University 
goodenou@gwu.edu 

David J. Goodenough, Ph.D. received both his B.S. in Physics in 1967, and his 
Ph.D. in Medical Physics in 1972 from the University of Chicago.  In 1985, he 
was appointed a Professor of Radiology, and additionally in 1991 was 
appointed as Go-Director of The Institute for Medical Imaging and Image 
Analysis, with Professor Murray Loew of the School of Engineering and 
Applied Sciences at The George Washington University. 

Dr. Goodenough holds several patents and has received numerous scientific 
awards including service citations from the Society of Photo Optical 
Instrumentation Engineers, and commendation from the Philippines Nuclear 
Regulatory Commission.  He has worked as a consultant and study section 
member to many national organizations including NIH, NCI and the Veterans 
Administration. He has also served as an Expert to the International Atomic 
Energy Agency (IAEA) in Vienna, and the Pan American Health Organization 
(PAHO).  He is recognized as a Guest Professor at the First Medical 
University in Guangzhou, China, and was recently nominated by the U.S. 
State Department to serve as a member of the Expert Advisory Panel on 
Radiation to the World Health Organization (WHO). 

Jens Gregor 

University of Tennessee 

jgregor@eecs.utk.edu 

Dr. Jens Gregor received a PhD in Electrical Engineering from Aalborg 
University, Denmark in 1991. He then joined the Department of Computer 
Science at the University of Tennessee, Knoxville. Following a recent merger, 
he currently holds the rank of Professor in the Department of Electrical 
Engineering and Computer Science. His research spans the fields of pattern 
recognition, image reconstruction and large scale computing. This work has 
been published in a combined total of more than 65 book-chapters, journal 
articles and conference papers. He has developed and implemented 
statistical and algebraic imaging algorithms for medical and preclinical 
applications as well as waste management and non-destructive testing 
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applications. Over the years, he has served as a consultant to local industry 
and Oak Ridge National Laboratory. 

Timothy Harvey 

Department of Homeland Security (Support Contractor) 

Timothy.Harvey@associates.dhs.gov 

Tim is a Booz Allen Hamilton consultant providing support for the 
Explosives Division (EXD) of the DHS Science and Technology Directorate.  
He provides emerging technology strategy planning along with 
programmatic and systems engineering support across EXD programs.  Prior 
to Booz Allen, Mr. Harvey was the principal co-founder of two high-
technology startup companies; one DARPA funded and one venture capital 
funded.  In previous work at Raytheon/E-Systems, Mr. Harvey was 
responsible for reconnaissance, intercept system development that 
employed sophisticated, multi-aperture signal processing for signal 
intercept in a cluttered environment.  Tim has developed over 15 products 
with expertise ranging from R-F/analog subsystems, software radios, digital 
signal processing, holographic data storage, protein genetic engineering, 
enterprise data storage and LAN/WAN network systems.  Tim received his 
B.S. & M.S. EE from Virginia Tech. 

Dominic Heuscher 

University of Utah 

heuscher@yahoo.com 

Dominic Heuscher is a medical imaging research scientist and leader with 
extensive experience in the medical imaging business.  He has brought new 
concepts to market and developed several close collaborations with clinical 
and academic research partners. His specialties include:  CT image quality 
analysis, reconstruction algorithms, system physics, simulation phantom 
design, prototype design, technical management, and collaborations with 
clinical and academic partners.  Dr. Heuscher is currently a consultant and 
research associate at the Utah center for advanced imaging research. Topics 
with grant support include complete whole heart cardiac CT, low dose 
coronary CTA and low dose perfusion CT. Prior to his appointment at the 
University of Utah, Dr. Heuscher had been working at Philips medical 
systems as a Chief Systems Architect, Advanced Systems group manager, and 
Senior Scientist developing early clinical prototypes for cardiac CT, real time 
CT, multi-detector systems, and spiral CT.  In addition to several 
management awards and certificates, he has authored or co-authored 
numerous conference and journal publications and has been awarded over 
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35 patents. He attended Stanford University for his undergraduate and 
masters degrees in electrical and biomedical engineering and the University 
of Utah for his doctorate in Medical Biophysics.  His hobbies include 
photography, skiing, tennis, and golf. 

Eugene Ingerman 

Morpho Detection 

eingerma@morphodetection.com 

Dr. Ingerman worked at Morpho Detection Inc (former GE Security) as a 
Systems Engineer for over 4 years and has been the lead developer of the CT 
reconstruction for the CTX-9800DSi. Prior to joining MDI/GE, Dr. Ingerman 
was a postdoctoral researcher at the NSF Center for Biophotonics at UC 
Davis, developing algorithms for diffraction imaging, tomography and ultra-
high resolution microscopy. Dr. Ingerman got his Ph.D. degree in 
Mathematics at UC Berkeley. Dr. Ingerman was a recepient of the DOE 
Computational Science Graduate Fellowship. 

Marc Kachelriess 

University of Erlangen 

marc.kachelriess@imp.uni-erlangen.de 

Marc Kachelriess is Professor of Medical Imaging at the Institute of Medical 
Physics (IMP) of the Friedrich-Alexander University of Erlangen-Nürnberg. 
Originally, he studied physics with a focus on theoretical particle physics. He 
received his physics diploma in 1995. Then, he started with his dissertation 
at the Institute of Medical Physics (IMP) under the guidance of Prof. Dr. Willi 
A. Kalender. He developed reconstruction algorithms to reduce metal 
artifacts in x-ray computed tomography (CT). In parallel, Marc Kachelriess 
introduced a new method that allows to generate motion-free images of the 
human heart using standard CT data. Thereby the clinical feasibility of 
retrospective electrocardiogram-correlated image reconstruction from CT 
data was proven. This method is now in world-wide use in clinical CT 
scanners. Marc Kachelriess received his Ph.D. at the IMP in 1998. 

Jeffrey Kallman 

Lawrence Livermore National Laboratory 

kallman1@llnl.gov 

Jeffrey S. Kallman was born in Los Angeles, CA, in 1957. He obtained the B.S. 
degree in engineering from Harvey Mudd College, Claremont, CA, in 1979, 
the M.S. degree in electrical and biomedical engineering from Carnegie 
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Mellon University, Pittsburgh, PA, in 1981, and the Ph.D. degree in 
engineering applied science from the University of California at Davis in 
1994. He has worked at Lawrence Livermore National Laboratory, 
Livermore, CA, as an Engineer since 1983. His current research interests are 
computational integratedphotonics, inverse problems, and X-ray and 
ultrasonic imaging. Dr. Kallman was on the team that won an R&D 100 
award for the MELD (Multiscale ELectroDynamics) simulation code in 1997. 

W. Clem Karl 

Boston University  

wckarl@bu.edu  

William Clem Karl received the Ph.D. degree in Electrical Engineering and 
Computer Science in 1991 from the Massachusetts Institute of Technology, 
Cambridge, where he also received the S.M., E.E., and S.B. degrees.  He held 
the position of Staff Research Scientist with the Brown-Harvard-M.I.T. 
Center for Intelligent Control Systems and the M.I.T. Laboratory for 
Information and Decision Systems from 1992 to 1994. He joined the faculty 
of Boston University in 1995, where he is currently Professor of Electrical 
and Computer Engineering and Biomedical Engineering.  He has served as an 
Associate Editor of the IEEE Transactions on Image Processing as well as in 
various organizational capacities, including session organizer and chair for 
the Asilomar Conference on Signals, Systems and Computers special session 
on Inverse Problems in Imaging, session organizer and chair for the 
Conference in Information Sciences and Systems special session on Medical 
Imaging, and as part of the organizing committee for the First SIAM 
Conference on the Life Sciences. He is currently the general chair of the 2009 
IEEE International Symposium on Biomedical Imaging. He is a member of 
the IEEE Image, Video, and Multidimensional Signal Processing and 
Biomedical Image and Signal Processing Technical Committees, or which he 
is the vice-chair. Dr. Karl's research interests are in the areas statistical 
signal and image processing, estimation, detection, and medical signal and 
image processing. 

Alexander Katsevich 

Univ. of Central Florida  

akatsevi@pegasus.cc.ucf.edu  

Alexander Katsevich is Professor of Mathematics at the University of Central 
Florida. He has been working in the field of tomography since getting his 
doctorate degree in mathematics from Kansas State University in 1994. Dr. 
Katsevich worked from 1994-1996 at the Los Alamos National Laboratory, 
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and he has been with the Department of Mathematics at the University of 
Central Florida since 1996. Dr. Katsevich’s main area of expertise is 
tomographic image reconstruction. His most significant accomplishment is 
the development of a new class of exact and efficient image reconstruction 
algorithms for helical CT in 2001. Dr. Katsevich worked also on algorithm 
development in other areas of CT, e.g. local tomography, cardiac image 
reconstruction (motion estimation/compensation). Additionally, he studied 
some theoretical aspects of tomography (analysis of artifacts, resolution 
ability, etc.). Dr. Katsevich has extensive experience of collaborating with 
industrial partners, such as General Electric Medical Systems, Siemens 
Medical, and Toshiba Medical Research Institute. 

Ronald Krauss 

Department of Homeland Security 

Ronald.krauss@dhs.gov 

Dr. Krauss has been working at the W.J. Hughes Technical Center in Atlantic 
City, NJ for 19 years as a staff scientist in the Transportation Security 
Laboratory (TSL), in the area of physics-based methods for explosives and 
weapons detection. He is currently a Technology Lead for Bulk 
Explosives/Weapons Detection Research and Development.  The laboratory 
was first created under the Federal Aviation Administration, then 
transitioned to the Transportation Security Administration, and now reports 
to the DHS Science and Technology Directorate. In addition to contributing 
subject matter expertise to various R&D projects and product testing, Dr. 
Krauss manages the bulk detection and simulant laboratories at the TSL. 

Originally from Long Island, NY, Dr. Krauss received a B.S. in Physics from 
Rensselaer Polytechnic Institute in 1983, and a Ph.D. in Experimental 
Nuclear Physics from Texas A&M University in 1991. His doctoral research 
was performed at the Alternating Gradient Synchrotron at Brookhaven 
National Laboratory from 1987-1991. Working with the Medium Energy 
Physics group on K+ meson total cross section measurements in order to 
probe the effects of the nuclear environment on nucleon structure, Dr. 
Krauss concentrated on data collection and analysis.  

Patrick La Riviere 

University of Chicago 

pjlarivi@midway.chicago.edu 

Patrick J. La Riviere received the A.B. degree in physics from Harvard 
University in 1994 and the Ph.D. degree from the Graduate Programs in 

Algorithm Development 
for Security Applications

                       Final Report 
October 2010 Workshop

37



 
 

Medical Physics in the Department of Radiology at the University of Chicago 
in 2000. In between, he studied the history and philosophy of physics while 
on the Lionel de Jersey-Harvard scholarship to Cambridge University. He is 
currently an Assistant Professor in the Department of Radiology at the 
University of Chicago, where his research interests include algorithm 
development for tomographic reconstruction in computed tomography, x-
ray fluorescence computed tomography, and optoacoustic tomography. In 
2005, he received the IEEE Young Investigator Medical Imaging Scientist 
Award, then given every two years to a young investigator within 6 years of 
the Ph.D. for significant contributions to medical imaging research.  He is an 
author of more than 30 peer-reviewed articles and peer reviewed 
conference proceedings and 8 book chapters.  

Mike Litchfield 

Reveal Imaging Technology 

mike.litchfield@revealimaging.com 

Mike Litchfield is Chief Scientist at Reveal Imaging Technologies.  He is 
responsible for guiding the development and implementation of novel X-ray 
CT imaging instruments that have enabled successful applications of 
advanced, TSL Certified, Automated Explosive Detection algorithms running 
on relatively low cost, low maintenance, reduced size Explosive Detection 
Systems deployed extensively throughout the USA and worldwide.  Mr. 
Litchfield received his BSEE / MSEE from Worcester Polytechnic Institute 
and has 27 years of experience researching, developing and engineering 
scientific instruments for the Semiconductor Fabrication, Medical Imaging 
and Automated Explosives Detection Industries.  Instruments developed 
range from purely scientific endeavors such as the control and drive 
electronics for a Front End Oscillator of a 64 Beam Fusion Laser Device and a 
Terawatt Table-top Pulsed Laser X-ray Lithography System to more 
practical commercial applications such as a low cost, hand-held, medical 
Ultra-sound 3D Imaging system and precision analog and high speed digital 
Automated Test Equipment. 

Harry Martz, Jr. 

Lawrence Livermore National Laboratory 

martz2@llnl.gov 

Dr. Harry E. Martz, Jr. is the Director for the Center for Nondestructive 
Characterization (CNDC) and lead of the Measurement Technologies focus 
area in the Science and Technology Department at the Lawrence Livermore 
National Laboratory (LLNL). He is responsible for leading the research and 
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development efforts of different nondestructive measurement science and 
technology methods including but not limited to X- and gamma-ray digital 
radiography and computed tomography (CT), visual and infrared imaging, 
ultrasonics, micropower impulse radar imaging, and signal and image 
processing. This research and development includes the design and 
construction of instruments, and preprocessing, image reconstruction, 
analysis and visualization algorithms. Harry received a B.S. degree in 
chemistry from Siena College, Loudonville, NY, in 1979. In 1983, he received 
a masters degree and in 1986 a Ph.D. degree both in nuclear/inorganic 
chemistry and physics from Florida State University, Tallahassee, FL. After 
receiving his Ph.D. in 1986, he became a full-time employee at LLNL. From 
1986 to 1988 he was engaged in X-ray and proton radiography and CT 
techniques for material characterization, and gamma-ray gauge studies for 
Treaty Verification applications. From 1988 to 1990 he was the computed 
tomography project leader and in 1991 he became the CT project manager 
in the NDE Section. In 1994 Harry became the NDE Thrust Area/Research 
Leader and became the Director of the Center for Nondestructive 
Characterization in 1999. In 2006 he became the lead of the Measurement 
Technologies focus area. Dr. Martz received a 2000 R&D 100 award in the 
area of Waste Inspection Tomography using Nondestructive Assay. He 
received the LLNL 1998 Director’s Performance Award for Active and 
Passive Computed Tomography. He was given the Federal Laboratory 
Consortium for Technology Transfer 1990 Award of Merit. Dr. Martz is a 
member of Alpha Chi Sigma and Sigma Pi Sigma—the National Physics 
Honor Society. 

Eric Miller 

Tufts University 

elmiller@ece.tufts.edu 

Eric L. Miller received the S.B. in 1990, the S.M. in 1992, and the Ph.D. degree 
in 1994 all in Electrical Engineering and Computer Science at the 
Massachusetts Institute of Technology, Cambridge, MA. He is currently a 
professor in the Department of Electrical and Computer Engineering at Tufts 
University and hold an adjunct position as Professor of Computer Science at 
Tufts.  Dr. Miller's research interests include physics-based tomographic 
image formation and object characterization, inverse problems in general 
and inverse scattering in particular, regularization, statistical signal and 
imaging processing, and computational physical modeling.  This work has 
been carried out in the context of applications including medical imaging, 
nondestructive evaluation, environmental monitoring and remediation, 
landmine and unexploded ordnance remediation, and automatic target 
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detection and classification.  Dr. Miller is a member of Tau Beta Pi, Phi Beta 
Kappa and Eta Kappa Nu. He received the CAREER Award from the National 
Science Foundation in 1996 and the Outstanding Research Award from the 
College of Engineering at Northeastern University in 2002.  He is currently 
serving as an Associate editor for the IEEE Transactions on Geoscience and 
Remote Sensing and was in the same position at the IEEE Transactions on 
Image Processing from 1998-2002.  Dr. Miller was the co-general chair of the 
2008 IEEE International Geoscience and Remote Sensing Symposium held in 
Boston, MA. 

Rick Moore 

Massachusetts General Hospital 

rhmoore@partners.org  

Rick Moore, joined Massachusetts General Hospital (MGH) in 1974, initially 
working on radiopharmaceutical development, including the positron 
imaging of 18-F-FDG. In 1982 he embarked on developing radiology 
workstations for the hospital.Starting in 1984, he created patient-outcome 
tracking systems to measure clinical performance and then took on the 
leadership of the Breast Imaging Research laboratory at MGH with Dr. 
Daniel Kopans. Over the period of 21 years, they built a robust research 
program, co-developing many imaging and non-imaging diagnostic and 
screening systems including Digital Breast Tomosynthesis (3D 
mammography), clinical Patient Reporting Systems, the Ambulatory Cardiac 
Function monitor, the Ambulatory Renal Monitor, ultra-performing, GPU-
based MLEM parallel reconstructors and the design and clinical evaluation 
cycles for other instruments.Rick collaborates on design, development and 
analysis of devices and methods that employ biomarkers and morphology to 
detect, characterize and predict disease. He consults on data acquisition, 
database management, transmission presentation and interpretation of 
medical content. This includes managing collaboration sites, project 
coordination, technologist and physician training and supervision. Rick has 
co-authored more than 42 peer-reviewed papers, co-holds 8 patents, and 
lives with parrots. 

Frederic Noo 

University of Utah 

noo@ucair.med.utah.edu 

Frederic Noo is an Associate Professor of Radiology at the University of Utah. 
He holds adjunct appointments at the same level in Bioengineering, and also 
in Electrical and Computer Engineering. He is an IEEE member and an 
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Associate Editor for IEEE Transactions on Medical Imaging. He has co-
authored 51 peer-reviewed papers, and 67 conference records. His research 
is focused on image reconstruction techniques for medical imaging using x-
ray computed tomography (CT). His projects include the development of 
such techniques for helical CT, for cardiac CT imaging of the whole heart 
using cone-beam data collection within a single heartbeat, and for cone-
beam imaging with flat panel detectors in interventional radiology. One 
fundamental problem with cone-beam tomography is the handling of 
truncation in the projections. Significant progress has been made on this 
problem over the last few years, but many problems remain. This issue is 
integral to his research projects, along with the problem of task-based image 
quality assessment. 

Dan Oberg 

Rapiscan 

DOberg@rapiscansystems.com 

Se Baek Oh 

Massachusetts Institute of Technology 

sboh@mit.edu 

Se Baek Oh received the B.S. and M.S. degrees in mechanical engineering 
from the Korea Advanced Institute of Science and Technology (KAIST) 
Daejeon, Korea, in 1999 and 2001, respectively, and the Ph. D. degree in 
mechanical engineering from the Massachusetts Institute of Technology 
(MIT), Cambridge, MA, in 2009.  He is currently Postdoctoral Associate of 
Mechanical Engineering at MIT and working on optical information 
processing and diffractive optics engineering for multidimensional imaging 
and light synthesis.  Current research interests include shift variant optics, 
partially coherent imaging, phase retrieval with partially coherent light, 
multiplexed microscopy via volume holograms, Wigner analysis and phase 
space optics, depth variant PSF design, and wave-effect rendering for 
computer graphics. 

Xiaochuan Pan 

University of Chicago 

xpan@uchicago.edu 

Dr. Xiaochuan Pan is a Professor with tenure in the Department of 
Radiology, Department of Radiation and Cellular Oncology, the College, the 
Committee on Medical Physics, and the Cancer Research Center at The 
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University of Chicago. His research interest centers on imaging science and 
its biomedical applications. Dr. Pan has authored and co-authored more than 
300 journal and proceeding papers and is a Fellow of AIMBE, IEEE, OSA, and 
SPIE. He has served, and is serving, as a charter member of study sections 
and/or grant reviewer for NIH, NSF, National Science Foundation of China, 
Natural Sciences and Engineering Research Council of Canada, and other 
funding agencies and foundations. He is an Associate Editor for a number of 
journals in the field, including IEEE Transaction on Medical Imaging, IEEE 
Transactions on Biomedical Engineering, Medical Physics, and Journal of 
Cardiovascular CT. Dr. Pan has served, and is serving, as a conference-
program chair, theme chair, session chair, and technical or scientific 
committee member for international conferences, including conferences of 
IEEE Biomedical Engineering, IEEE Medical Imaging, Radiological Society of 
North America (RSNA), and American Association of Physicists in Medicine 
(AAPM). 

Doug Pearl 

Insight Consulting 

dcpearl@earthlink.net 

Doug Pearl has extensive experience in the biomedical industry and in the 
commercial applications of medical diagnostics.  He has written on the 
problem of False Positives in the screening of low risk (low prevalence) 
populations.  He has provided strategy and marketing advice to a variety of 
biomedical clients, including Fortune 500, public biotechnology and 
development stage start-up companies.  He has extensive experience 
working with clinicians, scientists and customers to determine key drivers 
of success in the marketplace, and parallel experience working with senior 
management, marketing, and R&D to transform this information into 
relevant actions.  Prior to launching Insight Consulting, Doug Pearl was Vice 
President, Business Development for Matritech, Inc., a public biotechnology 
company in Cambridge, MA.  Prior to Matritech, he was a consultant at Bain 
& Company in Boston.  Mr. Pearl has a Masters in Management from the Yale 
School of Management and an undergraduate degree, summa cum laude,  
from Princeton.  He has also worked as a Research Associate at the Harvard 
School of Public Health. 

Homer Pien 

Massachusetts General Hospital 

hpien@nmr.mgh.harvard.edu  
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Homer Pien, Ph. D., is Director of the Laboratory for Medical Imaging and 

Computations in the Department of Radiology, Massachusetts General 

Hospital, and Assistant Professor, Harvard Medical School. 

Lauren Porr 

Department of Homeland Security 

Lauren.porr@associates.dhs.gov 

Lauren Porr (BSEE, Fairleigh Dickinson ’00, MSEE, Stevens Institute of 
Technology ’04) spent 9 years supporting the Department of the Army at Ft. 
Monmouth, NJ working on a number of various communications/electronics 
projects related to RF and radar.  She currently supports DHS S&T TSL, 
Atlantic City, as a SETA contractor for Booz Allen Hamilton on 
developmental projects related to Advanced Imaging Technology. 

Carey Rappaport 

Northeastern University 

rappapor@ece.neu.edu  

Carey is Deputy Director for Awareness and Localization of Explosives 
Related Threats (ALERT).  He is also Associate Director of the Bernard M. 
Gordon Center for Subsurface Sensing and Imaging Systems. He has been a 
professor at Northeastern University since 1987. He received dual SBs, SM, 
and Eng from MIT in 1982 and the Ph.D. from MIT in 1987.   Professor 
Rappaport was the Principal Investigator of a $5M ARO-sponsored 
Multidisciplinary University Research Initiative in humanitarian demining, 
the lead researcher supporting Alion Science and Technology, Inc’s. $130M 
Omnibus Task Order with US Army Night Vision and the Electronic Sensors 
Directorate, as well as the Principal Investigator for a $4.9M Dept. of 
Homeland Security Advanced Spectrographic Radiation Portal Monitor for 
special radioactive materials. 

Martin Richard 

Guardian Technologies 

Martin.richard@guardiantechintl.com 

Mr. Martin Richard is a mathematical-physicist from University of Montreal 
Canada and Ecole Polytechnique of Montreal. Mr. Richard has instructed in 
postgraduate curriculum as well as working in many research and 
development efforts over the past 20 years.  Mr. Richard acquired a solid 
experience in software development in a wide range of fields such as 
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computer simulation, satellite image recognition, real-time system and 
business solutions in many environments and contexts. He has been 
intensively involved in government, military and private and public 
organization of all size and sectors developing generic and custom software 
solutions, doing consulting, research and development for R&D divisions as 
researcher, programmer, analyst, system architect, project manager, 
director of project or R&D vice-president. 

Kristofer Roe 

Smiths Detection 

kris.roe@smithsdetection.com  

Dr. Kristofer Roe is currently Director, Security and Inspection Technology, 
Smiths Detection.  In this position, Dr. Roe is responsible for imaging 
technology research and development for Smiths Detection’s Security and 
Inspection business in the Americas.  In addition, Dr. Roe leads a technology 
experts group which provides technical oversight for various programs and 
efforts with the Department of Homeland Security.  Recently, Dr. Roe was 
the principal investigator of the NextGen Checked Baggage Program 
(Manhattan II) program with TSA which was awarded “Best Presentation” at 
the Gordon Research Conference (2007).   In addition to his work at Smiths 
Detection, Dr. Roe collaborates with the Electrical Engineering Department 
at the University of Delaware in developing advanced technology imaging, 
sensor, and detection techniques.  Dr. Roe earned his Ph.D., MSEE, and BSEE 
degrees from the University of Delaware. 

Jean-Pierre Schott 

Lawrence Livermore National Laboratory 

jpschott@comcast.net 

Dr. Jean-Pierre Schott is the Senior R&D Technical Consultant and lead 
architect for medical devices, special effects and security industries at 
Lawrence Livermore National Laboratory.  Dr. Schott has over 20 years of 
experience in bombs and weapons detection, medical devices, computer 
vision, computer graphics, digital imaging and signal processing.  As Senior 
Director of imaging technology at Analogic, Dr. Schott managed CT 
reconstruction, image quality, explosive and weapons detection algorithm 
and software groups.  He prepared and presented reconstruction, image 
quality and detection designs for the PDR and the CDR phases of three lines 
of security scanners (checked and checkpoint luggage.)  
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Previously, Dr Schott was Director of Advanced Development at 
Medispectra, managing directors, managers, engineers, scientists and 
consultants of the algorithm, image processing, database and software 
groups. He also architected the overall classification and image processing 
algorithms and led the cross-functional team, including external counsel, 
which produced 9 patent applications covering the intellectual property of 
the key technology.  Dr. Schott has also served as Director of Engineering at 
Synapix, managing the entire engineering department, including 2D and 3D 
graphics groups, QA, documentation, UI and computational geometry.  

Emil Sidky 

University of Chicago 

sidky@uchicago.edu 

Dr. Emil Sidky received his undergraduate degrees in Physics, Mathematics 
and Astronomy-Physics from the University of Wisconsin - Madison in 1987. 
He then earned his Ph.D. in Physics at the University of Chicago in 1993. 
From Fall 1993 to Spring 2001, Dr. Sidky has taken post-doctoral positions 
at the University of Copenhagen, Denmark, University of Bielefeld, Germany, 
and Kansas State University, producing over 20 publications in the area of 
atomic physics.  Nine years ago, Dr. Sidky returned to the University of 
Chicago as a NIH post-doctoral fellow in the Department of Radiology and 
has published over 25 articles in the field of medical imaging. 

Michael Silevitch 
Northeastern University 
msilevit@ece.neu.edu 

Professor Michael B. Silevitch received the BSEE, MSEE, and PhD degrees 
from Northeastern in 1965, 1966, and 1971, respectively. He joined the 
faculty of Northeastern in 1972, and was appointed to the Robert D. Black 
Endowed Chair in Engineering at Northeastern in 2003. A College of 
Engineering distinguished professor with dual appointments in Electrical 
and Computer Engineering as well as Civil and Environmental Engineering, 
Silevitch is co-director of Awareness and Localization of Explosives-Related 
Threats (ALERT), a Department of Homeland Security Center of Excellence; 
director of the Bernard M. Gordon Center for Subsurface Sensing and 
Imaging Systems (Gordon-CenSSIS), a National Science Foundation 
Engineering Research Center; and research translation leader of the Puerto 
Rico Testsite to Explore Contamination Threats (PROTECT) program, funded 
through the National Institute of Environmental Health Sciences. Previously, 
he directed the Center for Electromagnetics Research (a National Science 
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Foundation Industry–University Center), the Center for the Enhancement of 
Science and Mathematics Education (CESAME), and the Gordon Engineering 
Leadership Program, a graduate program that provides an innovative model 
for training engineering leaders.  He is an elected Fellow of the IEEE for 
leadership in advanced subsurface sensing and imaging techniques. 

Sergey Simanovsky 
Analogic Corporation 
ssimanovsky@analogic.com 

Dr. Simanovsky is Principal Imaging Engineer leading a team of engineers 
responsible for the development of automatic explosives detection 
algorithms used on several EDS systems that have been successfully 
certified by TSA. He also worked on CT image reconstruction algorithms and 
beamline integration for a multi-slice EDS system and a single-slice low cost 
medical CT scanner. Dr. Simanovsky has a Ph.D. in Physics from Worcester 
Polytechnic Institute. 

Stephen Skrzypkowiak 
Transportation Security Administration 
sskrzypkowiak@earthlink.net 

Stephen Skrzypkowiak earned his PhD degree in electrical engineering from 
the University of South Florida (USF). He has also held teaching and research 
positions at USF. Steve is a consultant to the DHS, TSA and TSL and has been 
since 2002.  He currently supports these agencies in the technical review of 
various detection systems, revision of the explosive certification standard 
and the development of various detection and procurement specifications. 
He provides technical support for various TSL research projects. He is the 
TSA consultant Point of Contact to the DICOS committee in the working 
groups of Digital Radiography (DR), Computed Tomography (CT), Threat 
Detection (TD) and Technical committees. He was a DHS consultant as a 
technical support member to the IEEE P Draft Standard for Evaluating the  
Image Quality of X-ray Computed Tomography (CT) Security-Screening 
Systems. He developed the Computed Tomography Image Quality (CTIQ) 
hardware and software to measure the image quality of Explosive Detection 
Systems for the Transportation Security Laboratory (TSL). As Director of 
Engineering, Steve led the L-3 communication team from the development of 
the 3DX6000 through TSA certification and fielding before becoming 
Director of Advance Systems Engineering. He is a Florida Professional 
Engineer and member of the IEEE, SPIE and NSPE.   
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Samuel Song 
Telesecurity Sciences 
smsong00@gmail.com 

Samuel M. Song, Ph.D. received the S.B., M.S. and Ph.D. degrees from MIT, 
UCLA and USC, respectively, all in electrical engineering. From 1983 to 1991, 
at Hughes Radar Systems Group, he was the lead designer of several radar 
signal processing algorithms for a number of different radar modes such as 
search/track and mapping which earned him a Hughes Doctoral Fellowship 
from 1985 to 1991. From 1992 to 1993, at Stanford University, he developed 
several medical image processing techniques for MRI and CT images.  From 
1994 to 1995, at UCSF, he led the development of a mini-PACS system for 
archiving digital radiographic images. From 1995 to 2001, he was a co-
director of Communications and Signal Processing Laboratory at Korea 
University and from 2001 to 2005, he was the director of Visualization 
Systems Laboratory at Seoul National University.  At both institutions, he 
advised some thirty graduate students in the field of signal and image 
processing that resulted in numerous journal publications and patent 
applications. 

Paul Southam 

University of East Anglia 

Paul.southam@uea.ac.uk 

Paul Southam received a BEng degree in Media Engineering (2002) and a 
PhD (2006) from the University of East Anglia (UEA), UK. After a period 
working in investment banking and market research, he is now a researcher 
at UEA interested in image analysis and plant development. 

Frank Sprenger 

XinRay Systems 

fsprenger@xinraysystems.com 

Dr. Frank Sprenger is the Director of Research and Development at XinRay 
Systems. He has extensive experience in the development of X-ray 
technology for medical and security applications. Before joining Xinray 
Systems he worked as a project manager at the innovation department of 
Siemens AG Vacuum Technology Division on high power rotating envelope 
X-ray tubes and field emission electron sources. Prior to that, Dr. Sprenger 
worked at the Max-Planck-Institute for Nuclear Physics in Heidelberg, 
Germany on ultra-cold electron beams. Dr. Sprenger received his Ph.D in 
Physics from the University of Heidelberg, Germany in 2003. 
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Greg Struba 

Department of Homeland Security 

Greg.struba@associates.dhs.gov 

Gregory is a Booz Allen Hamilton consultant who provides SETA support to 
the Explosives Division of the DHS Science and Technology Directorate. 
Greg’s efforts have been focused on the Manhattan II Next Generation 
Program, the Homemade Explosives (HME) Program, and Basic Research 
Programs. Specific projects include Whole Body Imaging, Novel Threat Data 
Collection, and Safety Standardization. Greg Struba received his Bachelors 
degree in Mechanical Engineering from Rochester Institute of Technology, 
Rochester NY, and his Masters degree in Engineering and Technology 
Management from The George Washington University in Washington DC. 
Prior to joining Booz Allen Hamilton (December 2008), Greg Struba worked 
for Lockheed Martin Corporation for 5 years as a systems engineer in 
support of the Intelligence Community.   

Ravi Subramanian 

L-3 Communications 

Ravi.Subramanian@l-3com.com 

Ravi Subramanian received his Bachelor of Technology (Mechanical 
Engineering) from Indian Institute of Technology, Chennai, India and Master 
of Science (Computer Science) from University of South Florida, Tampa, 
USA.  He has been working with various aspects of machine vision and image 
processing over the past 20 years.  He is currently employed with L3 
Communications, Security and Detection Systems, St. Petersburg, FL as a 
Principal Engineer in their algorithm development group.  His current 
interests are in the areas of image reconstruction, image segmentation, and 
threat discrimination as applied to the security industry. 

Timothy Szczykutowicz 

University of Wisconsin-Madison  

szczykutowic@wisc.edu 

Timothy Szczykutowicz is currently a PhD student working under the 
direction of Dr. Guang-Hong Chen at the University of Wisconsin-Madison 
Medical Physics Department. Timothy received his Bachelors of Science 
degree in physics from the University at Buffalo and his Masters of Science in 
Medical Physics from UW-Madison.  Some of the CT research being 
conducted at UW-Madison includes phase contrast CT imaging, CT dose 
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reduction methods, cardiac CT imaging, dual energy CT, flat panel CT 
imaging using interventional and radiation therapy C-arm systems and 
perfusion imaging of the brain. Many of these projects involve the use of the 
Prior Image Constrained Compressed Sensing (PICCS) algorithm developed 
at UW-Madison.   

Katsuyuki Taguchi 
Johns Hopkins University 
ktaguchi@jhmi.edu 

Katsuyuki Taguchi is one of handful of scientists in the world who have led 
and are leading the cutting edge research projects in both the medical 
imaging industry and academiaHe is an Assistant Professor in The Russell 
Morgan H. Department of Radiology and Radiological Science at the Johns 
Hopkins University School of Medicine. From 1991 to 2005, he worked as a 
researcher, later as a senior imaging scientist, for Toshiba Medical Systems 
in Tochigi, Japan, and Toshiba America Medical Systems in Tustin, California. 
He was among a few who initiated two major research fields, from 
conceptual designs to simulations to prototypes to products: multi-slice x-
ray computed tomography (CT) imaging and cardiac CT imaging. Dr. 
Taguchi's research interest includes the following three areas of novel CT 
imaging methods: (1) novel CT imaging with energy sensitive photon 
counting x-ray detectors; (2) time-resolved four-dimensional CT imaging; 
and (3) C-arm CT imaging for interventional radiology. Dr. Taguchi and his 
team have been developing photon counting detector models and image 
reconstruction methods with detector degradation compensations. Dr. 
Taguchi has co-authored 23 journal articles and 6 monographs, 3 book 
chapters, and invented 26 U.S. patents and 90 Japanese patents. 

Timothy White 

Pacific Northwest National Laboratory  

timothy.white@pnl.gov 

Dr. Timothy White is a Research Scientist in the Radiation Detection and 
Nuclear Sciences groups at PNNL.  Previously, Dr. White worked for 14 years 
in the Materials Characterization department at the Idaho National 
Laboratory (INL).  At the INL, he was involved in a number of digital 
radiography (DR) and computed tomography (CT) projects covering a broad 
range of applications, including: development of a field portable, fan-beam 
DR and CT system for the characterization and remediation of chemical 
munitions; characterization and modeling of cargo x-ray scanners in order 
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to generate accurate synthetic radiographs; development of lightweight, 
portable x-ray imaging systems and visualization tools for examination of 
improvised explosive devices; and the demonstration of CT techniques for 
materials characterization in hot cells. His research interests are in helical 
cone-beam x-ray tomography, three-dimensional x-ray imaging from 
limited-view data, visualization and interpretation of radiographic data, and 
applications of low-field nuclear magnetic resonance for contaminant 
detection. Dr. White received his Ph. D. in Optical Sciences from the 
University of Arizona. 

Suriyun Whitehead 

Department of Homeland Security (Support Contractor) 

suriyun.whitehead@associates.dhs.gov  

Suriyun is a Booz Allen Hamilton consultant who provides SETA support to 
the Explosives division of the DHS Science and Technology Directorate. He is 
focused on the Manhattan II Next Generation EDS, Whole Body Imaging, and 
Basic Research Programs into enabling technologies, common standards and 
detection requirements.  Suriyun received his Masters degree in Computer 
Systems Engineering from the University of Bristol, in the United Kingdom.  
Over the past 10 years, Suriyun has been involved in the design and 
development of large scale  systems of systems, advanced security and 
sensing systems, enterprise data management, data fusion, and related 
airport security programs. 

Adam Wunderlich 

University of Utah 

Adam.Wunderlich@hsc.utah.edu 

Adam Wunderlich earned a B.S. in Electrical Engineering (highest honors) 
and an M.S. in Theoretical and Applied Mechanics from the University of 
Illinois at Urbana-Champaign in 1999 and 2002, respectively.  Subsequently, 
he studied Mathematics at Oregon State University, receiving an M.S. in 
2006.  In 2009, Wunderlich was awarded a Ph.D. in Electrical and Computer 
Engineering from the University of Utah under the direction of Frederic Noo.  
He is currently a postdoctoral fellow at the Utah Center for Advanced 
Imaging Research, a division within the Department of Radiology at the 
University of Utah.  His research interests include task-based image quality 
assessment, estimation of noise in CT images, and analytical image 
reconstruction algorithms for x-ray CT.   
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Zhengrong Ying 

Zomographic LLC 

zying@ieee.org 

George Zarur 

Department of Homeland Security 

george.zarur@dhs.gov 

Student Participants 

Limor Eger 

Boston University 

limor@bu.edu 

Zach Sun 

Boston University 

Zsun86@bu.edu 
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12. Appendix: Questionnaire 

ADSA04 attendees were asked to fill out a questionnaire providing feedback 
on the workshop.   The questions are listed below; the answers appear in 
Section 13, grouped by question. 

 
1. What opportunities are there for developing advanced reconstruction 

algorithms? Please answer this question from your perspective, as an 
algorithm developer or as a representative of an incumbent vendor, 
government, national lab, or other industry.  Please indicate if the 
algorithms would be applicable to the following topics: 

a. Types of CT scanners 
i. Few-view (<50) and multi-view (>150) scanners 

ii. Photon integration and photon counting detectors 
iii. Single energy,  dual energy and spectral CT 
iv. Rotate-rotate and non-mechanical rotation 
v. Full and truncated projections 

vi. Full and partial rotation 
b. Types of reconstruction algorithms (not limited to the following) 

i. Iterative/statistical 
ii. Sinogram processing 

iii. Targeted artifact removal (e.g., scatter, beam hardening, 
streaks) 

iv. Hybrid including improvements to filtered back 
projection 

v. Post-processing 
vi. Other 

2. What acceptance criteria should be used for image quality?  For example, 
what quantitative or subjective metrics can be applied to the images? 

3. If you are not under contract to or representing an incumbent vendor, 
a. What information and material would you need to develop 

advanced reconstruction algorithms?  
b. What issues would be barriers for your participation? 
c. How much time would you need to develop reconstruction 

algorithms? 
d. What challenge problems are advanced algorithms best suited to 

solve, and what is the maturity of such solutions – how much 
money would it take to get to something actionable? 

e. Do you want to get involved in the security field? 
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4. If you are working for an incumbent vendor, 
a. How could third parties benefit your company? 
b. How could third parties hurt your company? 
c. What is the best way to use third parties? 

5. Do you have recommendations for hardware improvements to existing 
CT scanners or recommendations for new types of CT scanners for 
security applications? 

6. What did you like about this workshop? 
7. What would you like to see changed for future workshops? 
8. What topics would you like to see addressed in future workshops? 
9. Where are you employed (e.g., academia, national lab, incumbent 

vendor, other industry, government) and what is your function (e.g., 
manager, algorithm developer, professor, student, staff)? 

10. What other comments do you have?  
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13. Appendix: Questionnaire responses 

13.1 Question 1 responses 

Q: What opportunities are there for developing advanced 
reconstruction algorithms? Please answer this question from your 
perspective, as an algorithm developer or as a representative of an 
incumbent vendor, government, national lab, or other industry.  
Please indicate if the algorithms would be applicable to the 
following topics: 

a. Types of CT scanners 
i. Few-view (<50) and multi-view (>150) scanners 

ii. Photon integration and photon counting detectors 
iii. Single energy,  dual energy and spectral CT 
iv. Rotate-rotate and non-mechanical rotation 
v. Full and truncated projections 

vi. Full and partial rotation 
b. Types of reconstruction algorithms (not limited to the 

following) 
i. Iterative/statistical 

ii. Sinogram processing 
iii. Targeted artifact removal (e.g., scatter, beam 

hardening, streaks) 
iv. Hybrid including improvements to filtered back 

projection 
v. Post-processing 

vi. Other 

Response A 

A). i 

B). i 

Few –v view and versions of “2.5 D” one not well explored.  We have been 
surprised at the utility of non-uniform resolution with aspects of 10:1:1 in 
mammography.  We’re taking a 40% reduction in false positives with a likely 
5-10% increase in true positives. Iterative methods deal very well with our 
acquisition artifacts. 

Response B 

A.) i, ii, iii, iv, v 
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B.) I,ii,iii,iv,v,vi 

Opportunities are high, but I would encompass pre- and post- correction as 
part of the reconstruction problem. 

Response C 

A) i, iv 

B) none  

Response D 

A) i-vi (all) 

B) i-vi (all) 

Algorithms for classifications/analysis or unreconstructed 
data/reprocessing for analysis prior to image reconstruction may be 
particularly useful. 

Physics-based models for detection beyond construction morphology based 
analysis will be useful. 

Response E 

A) None selected 

B) None selected 

Multi-view, hybrid including improvements to FBP 

Response F 

A) all selected 

B) all selected – other: self-calibrating 

Response G 

None selected. 

Response H 

None selected 

There are obviously opportunities in all of those areas. I believe that multi-
energy CT, sinogram processing (restoration) and hybrid improvements to 
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FBP offer the most practical solutions. (Multi-energy CT obviously has the 
most technical challenges for implementation). 

Response I 

A) i,v,vi 

B) i,iii 

Response J 

A) i, ii,iii,v,vi 

B) i,ii,iii,v (iii is very important) 

Response K 

A) i,iii,v 

B) i, ii 

A. 

i) Multi-view – well established, power/dose issues few view-image quality 
issues, iterative reconstruction /TV regularization  

iii) Dual energy greatly beneficial for discerning objects 

v) ROI detector/hierarchical approach has promise 

Response L 

([1-10] scale: [10] highest/best) 

A. 

Few-view(<50) [2], multi-view (>150) [8] 

ii. [3] 

iii. Single energy [9], dual energy[9],spectral CT [9] 

iv. Rotate-rotate [9], non-mechanical rotation [5] 

v. Full projections [8], truncated projections [3] 

vi. Full rotation[8], partial rotation [8] 

B.  
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i.[9], ii. [9], iii.[10],iv.[7],v.[9], vi. Partial volume non-lineartes [9] 

Opportunities are high-particularly to correct for non-lineartes and artifacts 

Response M 

A) i,ii,iii,iv,v,vi 

B) . i,iii,v 

Many opportunities. In many applications the PICCS algorithm allows 1. 
Relaxed hardware constraints  or 2, new applications with existing 
hardware. These are two thus that would be the explosion –detection field 
as well. 

Response N 

Not qualified to say.  I heard range of opinion.  JHU expert said he expected 
them to, but not yet "evidence." 

Day one started implying not obvious it would help in Medical, asking why it 
was not used, but by end of day it looked clear it would, and some said it was 
already "baked" into new medical CT machines in the works. 

For security, it appeared by end of day 2 that most thought they'd help, but 
again proof of gain on ROC curve TBD, at least as best I heard, but with 
strong suggestion they would. 

Response O 

It is possible to develop algorithms (most likely iterative algorithms) for all 
of the cases above provided that the task-performance measures are 
understood and defined. 

Response P 

Answer regarding many views, non-mechanical rotation, without truncation 
and full revolution, fast scanner (~0.5m/sec): 

There are plenty of opportunities in my opinion. First of all, there is always 
need for off-line benchmark tools to create a gold standard reconstruction. 
Computational complexity is then of less concern. In a more long-term 
perspective there might also be of interest for on-line implementations. 
However I don’t see iterative reconstructions finding its way into products 
soon. More advanced sinogram corrections (possibly iterative as presented 
by Patrick La Riviere) is more likely to have an impact in the near future.  
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Response Q 

There is much progress in algorithmic techniques demonstrated on medical 
imaging problems.  There are also new classes of algorithms that will work 
well with new scanner concepts, including few-view scanners, photon 
counting detectors, multienergy CT, and truncated views or projections.   

As an algorithm developer, I found limited guidance as to what are the 
salient problems that these algorithms needed to target: artifact removal, 
scatter, streaks, etc.  It was also unclear as to what features needed to be 
enhanced for further processing: are edges the key, or is texture more 
important?  In an environment where shape is less important, does it make 
sense to do total-variation (compressive sensing) reconstruction? 

Response R 

A) 

Few-view (<50) and multi-view (>150) scanners 

Photon integration and photon counting detectors 

Single energy,  dual energy and spectral C 

B) 

Iterative/statistical 

Sinogram processing 

Targeted artifact removal (e.g., scatter, beam hardening, streaks) 

Response S 

I would imagine being able to screen using few-view, low-resolution 
reconstruction, and save multi-view, high-resolution reconstruction for 
luggage that needs a closer look. Not knowing what the threats look like 
though, I could be wrong. Perhaps everything needs to be screened at high-
resolution in which case speed is a major issue. 

Advanced medical imaging algorithms seem focused on finding “few pixel” 
abnormalities. Threat detection appears to be looking for “multi pixel” 
abnormalities. Both clearly benefit from iterative reconstruction but the 
better algorithm for one is not necessarily the better for the other.  
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Accurate modeling of the geometry and related image formation 
considerations seems to be very important. The ability to parallelize the 
algorithm is also critical. 

Response T 

There seems to be minimal work done in academia regarding reconstruction 
algorithms for fixed-source few-view scanners.  These systems have 
additional artifacts  not encountered in the prevalent rotating scanners.  
Iterative reconstruction and artifact removal for these few-view geometries 
is a potential area for fruitful research. 

Metal edge streaking is a much more severe issue in bags than in people and 
might bear targeting. 

Response U 

Currently we are working on the artificial neural network (ANN)-based CT 
image reconstruction algorithm, with the initial results encouraging. It 
belongs to the “iterative/statistical” or “other” category. The research of 
applying ANN to this area has a more than 10-year of history but are not 
really getting into the main stream yet. But we believe it is promising and we 
will continue working on this research subject. 

Response V 

I think the most effective contributions from academia would be in exploring 
scanner configurations of radically new design, because our strength is in 
recon. theory so we have a better idea of sufficiency conditions, stability 
analysis and possibly simulation. From what I heard at the conference, the 
vendors appear to have a fairly decent idea on how to proceed once the 
scanner design is set.  Of course, limited consulting may help in this phase, 
but I'm skeptical about it being worthwhile. 

Response W 

By advanced reconstruction algorithms, I understand this to mean 
reconstruction algorithms which are not presently used or modifications to 
the existing reconstruction algorithms. 

The areas for advanced reconstruction algorithms start with the Iterative 
Reconstruction algorithm, where reconstruction is performed without using 
all existing views.  In this case, image quality can be equal to or greater than 
the existing reconstruction algorithm.  If the image quality can be 
maintained using less views and less or equal amount of time, these 
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approaches would be welcomed.  This could also work for data that may not 
be complete as a result of system or image errors. 

All the above methods have their advantages, but the real issue is whether 
they can be modified to run in real time.  In some cases the advanced 
reconstruction algorithms image quality surpasses the present FBP methods 
but they may require from ten (10) minutes to 120 minutes to complete the 
reconstruction.  This time frame is unacceptable for real-time EDS 
application. 

The methods described at the workshop will work well with full, truncated 
projection and partial rotation data which may have some advantage to 
EDSs’ for the removal of streak artifacts.  The problem lies in the time 
required to determine which method can be used.  The algorithm selection 
problem can be solved with additional computer power running different 
reconstruction methods in parallel but this would add additional cost to the 
EDS.  

One of the main problems for the advancement of reconstruction algorithms 
is that the DHS must provide an incentive to the EDS vendors for them to 
make the change.  Presently there is no incentive for the vendors to make 
changes to their equipment. 
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13.2 Question 2 Responses 

Q: What acceptance criteria should be used for image quality?  For 
example, what quantitative or subjective metrics can be applied to 
the images? 

Response A 

 Object contrast recovery 

 Object volume accuracy 

Response B 

For early developments, subjective on engineering figures of merit may (e.g, 
strength of streaks, uniformity measures, bios/variance over repeated scans 
model observers) be fine. Otherwise the image quality must be tied with the 
task. 

Response C 

Varies case by case. 

Response D 

 Metrics should focus on PD rather and image quality. 

 Metrics should focus specifically on functional requirements (work flow, 
false alarm rates, specificity and PD) 

Response E 

Not an expert in this area. 

Response F 

PSF, NTF, CNR, Homogeneity Artifact contact, Reconstruction of sheets in 
different orientations. 

Response G 

IQ has not been definitively tied to acceptable Pd/Pfa performances, 
although studies have been done.  It is likely that IQ is more critical for 
screener-based alarm resolution. For projection-based imaging, these 
requirements already exist, using the ASTM F-792(?) standard and test 
article. I don’t know if similar requirements have been established for CT. 
For automated detection, the government can establish IQ criteria if it wants 
to but these should be minimum requirements that we know are not very 
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good based on examiner CT (3min) resolution, which is certified. But it 
might exclude Surescan who had to add a high res projection image. 

Response H 

IQ should be quantified relative to performance of a task. (e.g. How well can 
CT density be quantified? How well can image segmentation be performed?) 
We need to ask what tasks are being performed by the threat detection 
software and by the human operator. The performance of tasks can often 
(but not always) be quantified with ROC curves. If we do not clearly 
understand which (sub) tasks are being performed with the images, we 
cannot meaningfully address image quality. 

Response I 

The usual – noise, resolution, and artifact evaluation using a representative 

set of artifact-generating phantoms. 

Response J 

No response 

Response K 

i) Iterative reconstruction has computational issues but that helps with 
artifact reduction. 

ii) Sinogram preprocessing to ensure reconstruction has valid data 

Roc curve – Pd/Pdf image quality yield better PD/PDF? 

discernable features (e:g lines in a phantom) 

Metal artifacts  (lots of metal in bags) scatter Artifacts 

Image quality or object classification? Which matters more ? 

Does one help the other? 

Response L 

Sensitivity, specificity , roc curves, (PD vs PFA). The image itself can be 
analyzed for resolution(MTF), uniformity, slice thickness, and artifacts. 

Response M 
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Any metric must have predictive power. Meaning we must be able to tie 
together metric valves with diagnosis capability of the images. For medical 
CT we know his relation… for explosive CT? 

Response N 

Not qualified to say.  Ultimately goes to ROC curve, I'd think, since the 
"image" is not the true goal. 

Response O 

Visualization in different formats (grey scales, ROI, zoomed-in, …) 

 Quantitative metrics 

Task-specific evaluation (estimation, detection, segmentation, registration, 
…) 

Response P 

NIST have some suggestions regarding spatial resolution and contrast 
discrimination that can be used.  However the relevance of these is 
questionable. 

I think it should be possible to come up with a security equivalent to the 
standard phantoms used in the medical field.  For example it could be some 
idealized laptop on a sheet , different profiles (and/or planes) through that 
sheet could then  be used for some “lap-top on sheet” metric. Similarly 
perhaps a phantom with some liquids close to water can be used, some 
divergence measure between the distributions can then be used (i.e. 
measuring the “cloud separation” ). 

Response Q 

Sadly, this depends on further processing that is not specified at this stage.  
At a minimum, accurate pixel reconstruction of energy absorption at 
different energies seems important for materials characterization.  Metrics 
that relate to the ability to segment areas consisting of similar material 
should also be important, but this is harder to specify. 

Response R 

There should not be acceptance criteria on IQ. EDS systems should be 
evaluated by their detection performance (Pd, Pfa) and throughput. 
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Detection performance can be potentially evaluated and compared on a test 
data set, specifically developed for such purpose. However, relevant data set 
may not be practically achievable due to: 

a) security concerns 

b) potential overtraining of any algorithm to the test set 

IQ criteria such as MTF, SSP, noise, and artifacts can be used for comparison 
applicable only to “operator mode” (images displayed to the operator).  

In case operator mode is not a decision factor, IQ criteria should not be used 
as acceptance criteria.  

Response S 

No response 

Response T 

Complexity of the task probably precludes an unambiguous answer.   Several 
issues are involved.  

 Criteria depend on type of image (CT#, Zeff,Compton, Photoelectric etc.) 

 Image quality depends on position in tunnel (in some systems more than 
others) and may have dealt with at a later stage 

 Simple criteria (like ANSI N42.45) while useful for tracking image 
quality between incremental changes to a system, may not be useful to 
judge images from different systems processed by different 
segmentation algorithms. 

 Success at detecting threats may be at least as correlated to detection 
algorithm as to image quality  

Response U 

My responses: 

1) Noise Uniformity/Overall Signal to Noise ratio 

2) A “benchmark” measurement system should be established within the 
research society so there will be a standardized comparison for evaluation 
of new algorithms. 

Response V 
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This has to be task based. Especially, for iterative algorithms, which make 
assumptions on the underlying object function, it is important that test 
objects have very similar characteristics to the actual subject class. 

Response W 

MTF, CDF, CDC and Contrast Discrimination 
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13.3 Question 3 Responses 

Q: If you are not under contract to or representing an incumbent 
vendor, 

a. What information and material would you need to develop 
advanced reconstruction algorithms?  

b. What issues would be barriers for your participation? 
c. How much time would you need to develop reconstruction 

algorithms? 
d. What challenge problems are advanced algorithms best 

suited to solve, and what is the maturity of such solutions – 
how much money would it take to get to something 
actionable? 

e. Do you want to get involved in the security field? 

Response A  

11. All the basic physics of the detector, motion, the geometry including all 
corrections. 

12. Comparison of SOTA medical cement installed base for the same bags. 
13. Access to archives of cement installed base to understand low-hanging 

fruit. 

Response B 

A) Raw data, both prior and after corrections, plus clear description of 
geometry. 

B) Funds above 60K/year should be guaranteed for two years minimum and 
research agreement with university can be lengthy due to IP issues. 

C) 4 months of implementation of existing methods; 2 years for new 
developments. 

D) truncation handling and cone-beam artifacts elimination techniques are 
ready to use. 1 to 2 years of funding. 

E) this is exciting science, so yes! 

Response C 

No response 

Algorithm Development 
for Security Applications

                       Final Report 
October 2010 Workshop

66



 
 

Response D 

A) I work on integrated sensing and processing. Detailed physical models, 
coded and adaptive sampling are needed for my work. 

B) None. 

C) I develop systems end to end rather than just algorithms. I think that 
changes in sampling strategy are needed to improve PD. 

D) Direct classification and adaptive control from generalized samples. 
Money is not unreasonable for initial results (~$250K) 

E) I am involved in security already. 

Response E 

A) Specific information about the main challenges (e.g. metal artifact 
reduction, etc.) 

B) Availability of funding. It is not clear how to apply for this funding. 

E) Yes. 

Response F 

A) Problem specification  

B) Time/funding 

C) 6 man months (for one approval) 

D) None 

E) yes 

Response G 

B) DHS S&T seems to exclude TSL in just about everything in this area. 

D) This has been covered well. Reduce metal artifacts and streaking, reduce 
noise, and improve spatial resolution. 

Response H 

Regarding D and E: 

Substantial funds over 2-3 years time periods need to be made available. 
Moreover, the mechanisms for distributing such funds need to improve. 

Algorithm Development 
for Security Applications

                       Final Report 
October 2010 Workshop

67



 
 

Small, one-time 75K awards will not be of much use to academics. Without 
such funding opportunities, I see no reason to get involved in security, 
because other funding sources offer ore return for the efforts required. 

Response I 

No response 

Response J 

A) Scanner: geometry, scan conditions, objects: shapes, materials, 
orientations 

B) Publications, SSI, fund. 

C) 3 months to 2 years depending on complexity of problems. 

D) Various correction methods developed for clinical CT should be tweaked 
and tried for security systems. 

E) Probably 

Response K 

A) Not critical but helpful – a good simulator of modality data on what to 
look for to build a model 

B) Openness of dialogue 

C) Depends on algorithm, incremental improvements possibly a couple 
months 

New algorithms (already ) years? (depends on complexity ,maybe more) 

D) Artifact reduction is probably the quickest thing to address since 
algorithms already exist for many domains. 

E)  As a part of ALERT in a way already am  

Response L 

a. target size, 5NR, target description 

b. classified data 

c. 1 year 

Algorithm Development 
for Security Applications

                       Final Report 
October 2010 Workshop

68



 
 

d. artifacts; non-linear effects; scan speed(?) –> still lots of work to be done 
in evaluation metrics. 

e. Yes 

Response M 

A. system geometry basics. #view , the capabilities, detector config…. Etc. 

Response N 

NA 

Response O 

Some information about system geometry and data information 

Funding  

Depending upon the complexity of reconstruction problems, it can range 
from several months to a couple of years. 

Reduced data reconstruction, including few-view, limited-angular range, 
truncations, multi-energy, and stationary sources, … 

Yes, I would like to get involved in the security field. 

Response P 

No response 

Response Q 

With respect to a, one would need information on typical scanner 
configuration and a class of problems that would be “difficult” for standard 
techniques, that would require advanced reconstruction ideas.  
Development of new algorithms needs a “target” or “challenge”, and those 
have not been articulated clearly. 

As far as b. goes, the main issues would be access to sample data and 
information describing such a challenge problem.  In terms of time, c., this 
would depend a lot on whether known techniques existed in other domains 
for these problems.  If so, development time would be in the order of a few 
months.  Otherwise, it would take longer to develop a new technique. 
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With respect do d., available advanced algorithms are best suited to limited 
geometry problems involving streaking or artifact reduction.  As far as e., the 
answer is yes. 

Response R 

Not applicable 

Response S 

3a. Raw projection data and detailed geometry information including 
source-detector location, detector pitch and offsets, etc. 

3b.  -    As a foreign national, I don’t have clearance. 

- Getting funded for doing the work. One possible solution to the 
“student involvement problem” might be buy-out of my time which 
my department head could then give me back to support a student 
working on generic, fully publishable work. I would then translate 
the work back into the threat detection world. This way everybody 
wins: the sponsor would be happy since the work would get done, 
my department would be happy as there is money on the table, the 
student would be happy as he/she would be doing fun and 
interesting work that would be published, I’d be happy for all of the 
above reasons, etc. 

3c. Maybe a few months to do proof-of-principle on simple data with existing 
codes. Several months or longer would be needed if new ideas need to be 
developed from scratch or if the requirements to existing codes are such 
that substantial code rewrites are needed. Also please keep in mind that 
other on-going projects (including classroom instruction!) can’t easily be 
pushed aside at moment’s notice. 

3d. The basic algorithms are well-understood. How they behave on this 
“unknown” data is hard to say. Money wise, I cost about $150/hr including 
benefits and university overhead. That’s about $6K/week or $24K/mth. 
Total cost obviously depends on effort needed but a month or two is not a lot 
of time. 

3e. Yes. 

Response T 

No response 
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Response U 

a)  (data) 

b) Lack of data sources and lack of funding opportunities. 
I have been working very hard trying to get in touch with industrial vendors 
in the hope of starting up collaborative R&D efforts but so far with limited 
success. They always said that they have seen too many academic members 
trying to sell them new algorithms and ideas. They also said they have “seen 
them all.” I have not seen many government funding opportunities yet. 

c)  10 hours a week of my time for the next 3-6 months. 

d)  The most challenging problem:  Since the ultimate goal of ADSA series is 
to develop the automated detection algorithm with learning capability (with 
the keywords of “automated” or “intelligent”), which is aimed to reduce the 
false alarm rate (as George from TSA mentioned many times), the advanced 
algorithm must be capable of extracting/deriving/creating additional and 
improved features that can be used for further segmentation and 
classification. 
I am suggesting that a vendor and the government agencies form a 
“Research Consortium,” to start off a focused research core team to attack 
the identified problem, by soliciting industrial and academic experts to work 
together. 

e)  Absolutely yes! 

Response V 

3a I feel that I already have the info, from the workshop talks, I need to make 
a decent simulation to explore different geometries. 

3b I need time and bodies, i.e., a good student. 

3c This is hard to answer. We have flexible simulation software. So there 
may be something easily done with what we have. But I suspect that it will 
take a year or two to come up with something of interest. In any case, design 
of  good test phantoms could take weeks. 

3d How about this: Given, say, 10 X-ray source locations, detectors of such-
and-such properties, and the following test objects, design a scanner that .... 

3e Probably not directly. But possibly I would be more inclined to look at 
problems in medical imaging that have significant overlap with security 
scanning.  
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Response W 

a. The geometry of the system, FOV and x-ray detector characteristics.  The 
problems that the vendors are experiencing with their present 
reconstruction algorithm. 

b.  The vendors informing the developer of the real problems in the 
reconstruction process.  The vendors at the workshop were not free to admit 
the problems they are experiencing.  If the vendors are not willing to admit 
the problems they must be able to propose the problems without revealing 
any SSI information. 

c. For advanced algorithms:  at a minimum of two (2) years. 

d. This is unknown to the author. 

e. Yes. 
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13.4 Question 4 Responses 

Q: If you are working for an incumbent vendor, 
a. How could third parties benefit your company? 
b. How could third parties hurt your company? 
c. What is the best way to use third parties? 

Response A 

DNA 

Response B 

N/A 

Response C 

No response 

Response D 

No response 

Response E 

No response 

Response F 

C) Consulting, funding to have them develop algorithms and high 
performance code. 

Response G 

No response 

Response H 

N/A 

Response I 

Academia is great at developing ideas that will be implementable in 5-10 

year time frame. 

Response J 

Fund, problems to solve. 
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Response K 

No response 

Response L 

N/A  

Response M 

No response 

Response N 

NA 

Response O 

No response 

Response P 

a. Financially and getting hold of good data. Publishing might be an issue, 
but it should be possible to work around. 

b. Breach of NDA. Perhaps also more subtle and accidental information 
leaks if a researcher is doing research for many companies at the same time.  

c. Probably before and during a prototype phase of a machine, where many 
different approaches might be interesting to consider.   

Response Q 

Not applicable 

Response R 

a) Help in development of advanced algorithms, using independent funding 
source. 

b) Possibly using same development for another vendor 

c) Through one-to-one collaboration on a narrow problem (such as 
evaluation of certain algorithm / technology, invented by the said third 
party) 

Response S 
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No response 

Response T 

a)  Non academic third parties can provide expertise in areas where vendors 
cannot make a long term investment.  This can be done on a contract basis to 
solve ad hoc problems, or as a pool of general understanding from which 
good ideas can develop. 

Academic institutions can develop long term relationships with vendors 

- Get government  funding for basic research that helps the vendors 

- Internship and future employment for students 

However there might be geographic limitations, in addition to IP and SSI 
issues. 

b)  Perceived or practical issues in enforcing NDAs.  This might be no more 
than what vendors face with their own employees and consultants. 

c) Use in areas where problem can be meaningfully translated without 
compromising SSI / IP . Community should take care to separate usefulness 
of fundamental understanding (which can disrupt or inspire/kick off vendor 
projects, but which cannot be meaningfully planned for or financially  
supported by vendors) from usefulness of vendor specific problems (which 
can be part of a project plan and financial support of a vendor). 

Response U 

(N/A) 

Response V 

No response 

Response W 

N/A. 
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13.5 Question 5 Responses 

Q: Do you have recommendations for hardware improvements to 
existing CT scanners or recommendations for new types of CT 
scanners for security applications? 

Response A 

14. Multi-energy detections 
15. Limited angle geometries 
16. Low-dose transmission systems 
17. Multimodal sensor integration 

Response B 

Flying focal spot might be useful to improve the resolution 

Response C 

Yes 

Response D 

Yes. Changes in source and detection sampling and coding structure can 
yield more material specific data. 

Response E 

I think that having more sources should improve image quality and 
detection. 

Response F 

No response 

Response G 

 Cheaper-cheaper-cheaper 

 TSA is buying inferior technology at least partially because superior 
technology is too expensive (and too big). 

 CT needs a revolution in decreasing cost. 

 I have concerns about reliability and stability of emitters in non-
geometry CT. 

 Photon counting 

 Addition of scatter detectors to help detection (coherent scattering 
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imaging?) 

Response H 

No response. 

Perhaps more effort should be put into x-ray tube design to enable increased 
mAs/power. 

Response I 

No response 

Response J 

No response 

Response K 

Very focused on rotation based CT, is this the best in terms of 
cast/performance? Other ways to achieve angular diversity than rotation, 
(stereo imagery replies on angular diversity but achieves it through many 
ways. 

Response L 

Use COTS medical scanners  

Response M 

No response 

Response N 

-- 

Response O 

No response 

Response P 

No response 

Response Q 

No response 
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Response R 

No response 

Response S 

No response 

Response T 

No comment, being from a vendor, any recommendations will be submitted 
to our internal IP process. 

Response U 

I strongly believe the new scanners must be able to deliver more features for 
the ATD. To date, the dual-energy scanner seems to be the one, more to 
come hopefully. 

Response V 

Can't answer that yet. But I am thinking about it. 

Response W 

The hardware recommendations would be: 

 The ability to replace the reconstruction computers with the latest state 
of the art with minimal changes to the code. 

o Add additional computing power to perform more than one 
reconstruction algorithm and/or have the ability to perform high 
resolution reconstruction on selected regions of interest. 

 Moving from a rotating disk to a standard disk.  Removes many of the 
rotational problems exerted on the disk bearings and components 
mounted on the disk. 

 Make the systems dual energy either by making the High Voltage Power 
Supply (HVPS) a modulated power supply or put in dual energy 
sandwich detectors. 

 Move repetitive operations to an ASCI or other form of programmable 
logic.  

 Update the x-ray detectors with more efficient and higher quality 
detectors when they become available. 

 Current modulation of the HVPS to allow for the higher image quality 
scanning of dense material.   
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13.6 Question 6 Responses 

Q: What did you like about this workshop? 

Response A 

 Open 

 Frank 

 DHS “there” and accessible 

 Realistic “rules of engagement” 

Response B 

 Good crowd of people from academia and industry 

 Good job regarding the promotion of discussion, while staying on track. 

Response C 

Presentations from top academic researcher in reconstruction algorithms. 

Response D 

Discussion was open, the rules of engagement were great. Vendor 
presentations were interesting. 

Response E 

I learned a lot about challenges in this field. 

Response F 

Interactivity 

Response G 

 That medical academia is working on security is fabulous. 

 Workshop forum is good. 

Response H 

The discussion/ease of discussion. 

Response I 

Variety of perspectives presented, quality of some presentations, interaction 
among participants. 
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Response J 

No response 

Response K 

Covered an incredible amount of background. 

Response L 

Nice cross selection of advanced image processing techniques, Good 
opportunity for dialog/discussion  

Response M 

The interruptions are good arguments/Conversation 

Response N 

Great combo of various types of participants.  Good information transfer.  
(Despite criticism it was not enough, which I also agree with.)  Great 
opportunity to meet. 

Response O 

Stimulating 

Interesting, but challenging, problems. 

Response P 

Hearing some of the talks regarding image reconstruction and corrections, 
given by world class researchers, and having the opportunity to discuss 
things relatively openly. 

Response Q 

I liked the lively interchange between algorithm developers, vendors, and 
government and national laboratory representatives.  It was an excellent 
assembly of folks who know the state of the art in algorithms and others 
who know the state of the practice in scanning technologies for homeland 
security.   

Response R 

Good sample of presentations covering many directions of advancement in 
algorithm development by both academia and industry. 
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Response S 

Being introduced to a new and interesting application. Hearing everybody’s 
side of the story. Although not being told the full story made it hard to 
appreciate the true challenge of the problem. 

Response T 

Provided a forum for competing vendors to get together and discuss 
common issues. 

Good to see people from academic institutions showing interest in practical 
problems of a niche industry. 

Highlighted government agencies’ initiative in getting working solutions to 
security concerns even with limited government funding. 

Chance to speak openly and directly to government representatives 
concerning how to move field forward. 

Response U 

 The interactions/discussions 

 Some presentations such as the difference of reconstruction algorithms 
between the purpose of medical diagnosis and the security scanning. 
The emphasis on the importance of iterative reconstruction algorithms 

 The availability of data and the opportunity of contest announced by 
ALERT Center on Tuesday evening. 

 The logistics was excellent, especially the location in the hotel is very 
convenient. 

Response V 

The vendor talks, and the talks on photon counting were excellent. I feel like 
I understand the issues fairly well. 

Response W 

 The workshop contained very up to date and valuable information.   

 The papers presented were very interesting and timely but not enough 
time was allowed for the presentation or questions. The workshop may 
want to consider having papers published which go along with the 
presentations.   

 This workshop contained a more open dialog between academics and 
the vendors than in previous workshops. 
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 Having the workshop located in the hotel.  There was no transportation 
issued from getting from the hotel to the workshop. The refreshments 
and meals were excellent. 
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13.7 Question 7 Responses 

Q: What would you like to see changed for future workshops? 

Response A 

 Better audio for audience participation 

 Vendor ID’s (perhaps new to field) 

Response B 

 Encourage too much propaganda; it is easy to manipulate the data to 
show exciting results. 

 Outline the goals of each talk through pre-discussion with the speaker. 

 Force the # of slides to be less than 10. 

Response C 

Discussion of the process to gain clearance. 

Response D 

In a workshop format fewer and stronger presentations while allowing time 
for challenge problem discussion and breakout groups might be more 
effective. 

Response E 

I think the choice of topics should be more balanced. This workshop was 
very biased towards iterative recon. 

Response F 

Computational performance should play a role. 

Specific Examples for scanner designs should be provided. 

Response G 

Somewhere along the way sensitive information should be discussed if 
possible. But that may be too exclusionary. 

Response H 

I would have liked to see more clarity up front regarding the post-processing 
sub-tasks (segmentation, etc.) that need to be performed with the 
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reconstructed images. Similarly, the practical limitations need to be 
acknowledged at the beginning. 

Response I 

Greater focus on technical issues, or, alternatively, a separate workshop on 
the topic of how to organize, frame, and fund industry/academia 
collaboration. A workshop on Concept of Operation for security systems. 

Response J 

Guidelines to prep talks. For example, I wanted to know what the problems 
when I prep talk. I could have directed my talk to their problems and 
showed (potential) solutions. 

Response K 

No response 

Response L 

More discussion of evaluation methods.  

Response M 

More equal time limits for speakers. If some speakers will be allowed to talk 
for over 40 minutes and some less. Give each speaker a 15 minute 
uninterrupted talk time followed by 15 minute open discussion.   

Response N 

One comment by example: The "background" presenter on "iterative" ended 
up skipping all his "background" section and discussion immediately went to 
those already expert in the field.  If goal of this particular talk was to 
"educate" non-experts on "iterative" vs. "traditional" it may have been better 
to cover the "intro" slides that were skipped.  This comment is meant as an 
analogy for future confs. 

Some logistic issues  were handled much better at this workshop than at 
ADSA 3.  It was easier to hear people most of time, esp people in audience.  
(Better room choice.)  The "lag" switching between speakers (transfer of 
memory sticks etc to laptop) was handled much much better.  All in all, 
smoother logistics. 

Response O 
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Better control of presentation and discussion time. Time for earlier 
presentation/discussion was not quite well managed. This has resulted in 
the unexpected, (unfair) reduction of presentation time for later speakers. It 
does not matter whether the time allocated originally to the speaker is short 
or long. Once it’s given, it should be shortened especially right before or 
during his/her presentation. This may not work best to the workshop. 

Response P 

I like the idea that presenters were encouraged to start with a summary and 
then go into more details. I do however think that the questions fragmented 
some presentations too much. I like the idea to give the presenter the chance 
to finish his/her point first. Perhaps shorter talks (5-10 min), without major 
interruptions, followed by discussions is a better approach.  

Response Q 

I’d like to add some discussion of a specific problem, with examples of 
limitations of current technology, together with discussion of possible 
approaches for solution. 

Response R 

More focus on technical aspects, and less focus on discussing venues to 
collaboration, getting students to work on issues, getting grants. I think the 
venues to collaboration and how to get students to work and on what issues 
should be resolved on case by case basis by individual parties and there is 
no need to devote valuable time to discuss these issues. 

However, I would like to see more direct information on research grant 
opportunities, what grants are available from DHS, TSA, how to apply, etc.  

Response S 

No response 

Response T 

Longer duration, even if over a weekend. There were more interesting and 
potentially valuable speakers than it was possible to usefully interact with 
during the available time.  There was very little opportunity to spend time 
together beyond exchanging cards and contacting afterwards.  Part of what 
can be valuable in a conference is having more than pair-wise interactions. 

Response U 
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The desperate things: 

- Gather and identify the specific technical problems that need to be 
attacked.  
- Formation of several focused groups targeting the identified problems. 
- Put all items into actions, actions, and actions. 

Response V 

I think it might be good for presenters to have 10 mins. uninterrupted to 
give an overview of what they want to say, then have people jump in and ask 
detailed questions or have discussion.  

Response W 

 Provide more time for the presentation of the papers and questions of 
the author. 

 Dr. Crawford does a great job as the moderator, but I feel that section 
chairs from academia, industry and government would relieve some of 
the work load from Dr. Crawford and bring the workshop members into 
a more active role.  This would also make/allow the section chairs to 
present their ideals and believes the workshop for review and 
comments. 

 Provide a list of problems or issues that will be addressed by the 
workshop.  Presently it is too general and success is very difficult to 
measure. 

 A list of action items for government, industry and academia to go back 
and work on and, at a future date, present the results of the action items 
to the workshop.  This would provide hard direction to the workshop 
and would make work continue on the selected topics well after the 
workshop has ended.  

 

  

Algorithm Development 
for Security Applications

                       Final Report 
October 2010 Workshop

86



 
 

13.8 Question 8 Responses 

Q: What topics would you like to see addressed in future workshops? 

Response A 

 Conops 

 Test setups with Red-teaming 

 Get secret clearance as needed to work to really dig into the problem 

Response B 

 How to get the segmentation and recon folks to work together. 

 Separating the two problems is bound to lead to a suboptimal solution 

Response C 

No response 

Response D 

A workshop with broader participation of leaders in generalized 
measurement theory, sensor system physics and machine learning might be 
useful. 

Response E 

Other reconstruction approaches. 

Response F 

Artifact reduction 

High Performance computing 

Response G 

 Xray diffraction 

 Phase contrast imaging 

 Test and evaluation. 

Response H 

What aspects of image quality should we optimize reconstructions for? 
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Simply hoping that better SNR will translate to better detection performance 

is overly simplistic. Ditto for artifact reduction, MTF, CNR, etc… 

See answers to #2 and #7.  

To answer this question, we need input from the image (post) processing 

community. 

Response I 

Technical issues/discussions that could lead academia in direction of 
research that would be useful in ~5 years rather than ~10 years. 

Response J 

No response 

Response K 

Discussion of overall problem? Right now algorithms feels like throwing 
darts and guess work on what we’re trying to solve. 

Response L 

Requirement for “Future” scanners and screening plans 

Response M 

Phase contrast X-ray imaging 

Response N 

Incentives vendors need to move forward on ROC curve, esp cutting PFA at 
constant PD.  We heard vendors say "the perception is that govt does not pay 
for performance.  If that perception changes, then I'm sure vendors will 
respond."  But it was clear from discussion later that it was not fully clear 
that the perception HAS changed.  DHS thinks they have changed it w/ 
adding "total cost of ownership (TCO) to the criteria for being chosen.  But 
listening to vendors, they were unclear this would really be implemented.  
One said, "the acquisition process is dominating the DTE process."  And even 
if they believe TOC will be "a factor" it still goes into a vague black box that 
leads to "choice" which may also be influenced by other things including 
politics.  I would advocate discussion of "incentive pay" where the "price 
paid" per machine would go up if PFA goes down.  THis would be separate 
from the certification process and assuming a constant PD.  They get 
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certified on meeting spec.  If they exceed spec on PFA with constant PD then 
they get extra money per machine.  This could be "win win" for TSA and 
vendors.  Only loser might be TSO, which might also need to be discussed. 

Response O 

Reconstruction algorithms, segmentation, task-specific image quality 
assessment (segmentation, detection tasks, … 

Response P 

Image quality phantom specification, agreed by as many as possible would 
be an interesting thing. 

Response Q 

Clearly, the topic of automated recognition needs to be addressed some 
time, but security issues may interfere with this.   

I think a follow-on workshop on reconstruction algorithms that include 
specific challenge problems and data would be very valuable. 

Response R 

Linkage between IQ and segmentation performance ?  

 - some theoretical work exists in this area. 

Linkage between image quality and detection performance? 

- more difficult to address but someone may have some practical 
results… 

- it would help to guide recon algorithm development 

Response S 

I agree code-level discussions are un-interesting, but I wouldn’t rule out 
implementation discussions per se. In medical imaging, for example, 
advanced algorithms have been published that are inherently sequential 
meaning they can never be applied to large-scale problems in real-time. It 
would therefore make sense to address the issue at least at an abstract level. 
This includes whether a particular algorithm is best suited for course-grain 
or fine-grain parallelization including why and how. 

Response T 
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Ways to protect IP, SSI in collaboration among vendors, national labs and 
universities 

Response U 

The emphasis on the overall automated detection algorithms development 

Initiation on more contest based topics so we can participate in solving real 
challenging problems. 

Response V 

No response 

Response W 

A workshop on funding issues and resolutions that can be provided to the 
universities and graduate students to resolve the outstanding issue in the 
security field.  There are many good ideas from academia, but without 
funding, there will be no results for the security industry.  The government 
cannot wait on the vendors for sole funding, since the vendor has a single 
purpose in mind and will not share the results of the research.  
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13.9 Question 9 Responses 

Q: Where are you employed (e.g., academia, national lab, incumbent 
vendor, other industry, government) and what is your function (e.g., 
manager, algorithm developer, professor, student, staff)? 

Response A 

Other academia 

Response B 

Academia 

Response C 

3rd party algorithm company 

Response D 

Academia, professor, also as consultant to several companies. 

Response E 

Academia/professor 

Response F 

Academia/professor 

Response G 

Government laboratory 

Response H 

Academia 

Response I 

Algorithm developer (vendor) 

Response J 

No Response 

Response K 

Academia, student 
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Response L 

Academia, professor 

Response M 

Academia, student 

Response N 

Independent consultant.   

Response O 

Academia 

Response P 

Vendor. 

Response Q 

Academia 

Response R 

Incumbent vendor 

Response S 

Academia 

Professor 

Response T 

Algorithm developer (vendor) 

Response U 

Academia/professor 

Response V 

Research staff. 

Response W 

Government, technical staff  
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13.10 Question 10 Responses 

Q: What other comments do you have?  

Response A 

 Carl is good at this. 

 Carl and Harry are a good team. 

 Food was great! 

Response B 

Thank you for the opportunity to attend. 

Response C 

The general problem seems to be resources limited due to insufficient 
funding. The DHS must find ways to increase the level of R&D funding for 1) 
vendors, 2) 3rd parties, and 3) academics. 

Response D 

None 

Response E 

This was a very useful workshop. 

Response F 

No response 

Response G 

The TSL has resources that should be utilized, as well as visiting scientist 
program and summer interns (through ORISE). There may be opportunities 
for partnership. 

Response H 

No response 

Response I 

Great workshop! 

Response J 
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No response  

Response K 

No response  

Response L 

Last couple of hours were very redundant, although not bad, could have 
utilized the participants more. Must know more about current detection 
technology limits. Need data files to optimize. 

Response M 

If we are supposed to explain how our methods can apply to explosive 
detection -> we should have vendors speak first. For new algorithm 
development we need to know more about hardware. For example, with 
PICCS, we are motivated to solve problems.  

1. Enable new application on existing hardware that would 

otherwise require more hardware. 

2. Enable current applications w/ less hardware 

3. Enable new applications using existing hardware   

Response N 

Thank you! 

Response O 

The workshop is outstanding in general. It would be great that the 
presentation/discussion time can be managed better. 

Response P 

No response 

Response Q 

Excellent workshop, providing a good start.    

Response R 

The workshop was great and should be continued. My recommendations to 
make it more useful are in 7. 
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Also, I recommend setting up the workshop in a location with better parking 
option. Parking lot is extremely crowded. On day 1, my car was damaged 
(fortunately the driver was caught by the attendant) in the parking lot. On 
that day, at least 2 cars were damaged in that lot. 

Response S 

The issue of funding seems a bit confused. Industry wants graduates that 
know how to do the work. Faculty wants to train these students but can’t 
attract and hire them without funding. One idea might be to give the national 
labs (say LLNL and ORNL) money for student support that faculty can apply 
for. The work should be limited to “things relevant to security” without 
having too many strings attached. 

Response T 

It was encouraging to hear the actions taken from the previous workshop 
(segmentation grand challenge) 

Response U 

1) It had been discussed intensively among participating faculty that the 
DHS needs to be more proactive in funding the research, either through the 
ALERT center, and directly. 

2) Industrial vendors should be able to propose and “spell out” the  
“changing problems” that we could participate in solving them. 

Response V 

I thought the image reconstruction talks on iterative were a bit incoherent. 
The discussion on parameters of the algorithms made it seem like such 
recon. is not yet turn key and that algorithms have to be fiddled with for 
every object. Is that really so? Also, the discussion frequently mixed up 
different concepts such as the optimization problem, the algorithm to solve 
it, and the design of the each. We had multiple speakers on compressive 
sensing, but nobody defined it. 

Response W 

 Form a working committee that will resolve the issues of SSI material 
and the requirement of students needing secret clearances to work on 
the issues of the security industry.  The committee should be made up of 
academia, government and the industry.  The committee should have at 
least one legal representative to address the legal questions.   The 
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problem is that at every workshop two (2) hours at the beginning of 
each workshop is spent discussing this questions with no resolution. 

 From a working committee to generate a common bag set that can be 
available for all workshop members which will demonstrate the 
problems that the vendors are experiencing.  This can be a direct bag set 
from the vendors or a general bag set from a medical CT scanner that 
demonstrates the problem. Again, this question comes up at every 
workshop and two (2) or hours is spent discussing it with no firm 
outcome. 

 In order for the security industry to obtain the recognition and research 
funding, there needs to be publication (IEEE Trans., SPIE, or ?) solely 
developed to the security industry that addresses the problems of 
security, for example; segmentation, reconstruction algorithms, image 
quality and explosive detection algorithms .  

 A list of published papers that the attendees can review off line if the 
presentation by the author is not completed.  
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13.11 Other comments 

Respondent 

 The meeting was useful in that it exposed vendors to technology they 
were not aware of and allowed them to get acquainted with MI players. 

 The financial situation of vendors favors a short-term, short-notice 
collaboration that involves the direct effort of experienced MI scientists, 
as opposed to indirect efforts through students. Whether they can get 
such help is unclear. They could get mine only if they would reach me 
when I am not buried into the preparation of NIH proposals. 

 Many academicians live on soft money, and so will hesitate a lot before 
committing themselves to a short-term project. This could be a bad 
financial/career move for them. But the vendors have two things playing 
in their favor: the academicians love science and difficult problems, and 
some might have a sense of duty. 

 The imaging problems that the industry is facing are challenging and 
require the help of experienced scientists. So, the grad-student mold is 
probably not appropriate at this stage. Somehow, the academia should 
start creating a working force for this industry. One related issue is the 
lack of good journals where to publish. 

 Would have been nice to hear the opinion of some of the silent folks, but 
maybe I was talking too much to allow this ;-) 

 So far, the industry has been driven by the need to pass a test, not by a 
need to be outstanding at what they do. The new "top-tier" concept 
might change that. If not, it would be good to change the certification test 
on them from time to time. 

 Availability of data might not prove useful/attractive because of 
relevance: the vendors are working on new geometries for the new 
generation, and the geometry should be closely incorporated within the 
model to achieve high success. 

 Separating reconstruction from segmentation is bound to yield a 
significantly suboptimal product. 

 Giving access (under clearance if needed) to a few challenging cases and 
data acquisition geometries may incite academicians to tackle the 
problem. 

 We need to somehow pitch into the NSF funds. From my side, I will 
contact […] to see if he can provide (non-financial) support for such an 
application that I would submit with […]. 

 Developing mathematical phantoms could be a very good thing. 
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14. Appendix: Acronyms 

Term Definition 

2D Two-dimensional 
3D Three-dimensional 
AAPM American Association of Physicists in Medicine 
ADSA Algorithm Development for Security Applications 
ADSA01 First ADSA workshop held in April 2009 on the check-point 

application 
ADSA02 Second ADSA workshop held in October 2009 on the grand 

challenge for CT segmentation 
ADSA03 Third ADSA workshop held in April 2010 on AIT 
ADSA04 Fourth ADSA workshop held in October 2010 on advanced 

reconstruction algorithms for CT-based scanners. 
AIT Advanced imaging technology. Technology for find objects of 

interest on passengers. WBI is a deprecated synonym.  
ALERT Awareness and Localization of Explosives-Related Threats,  

A Department of Homeland Security Center of Excellence at 
NEU 

ART Algebraic reconstruction technique 
ASIR Adaptive statistical image reconstruction 
ASTM American Society for Testing and Materials 
AT Advanced technology 
ATD Automated threat detection 
ATR Automated threat resolution; a synonym of ATD. 
BAA Broad agency announcement 
BHS Baggage handling system 
BIR Baggage inspection room 
BLS Bottled Liquids Scanners 
BPSS Boarding Pass Scanning Systems 
BU Boston University 
CAD Computer aided or assisted detection 
Cambria TSA procurement program for next-generation check-point 

scanners 
CAPPS Computer Assisted Passenger Prescreening System 
CAT Credential Authentication Technology 
Gordon-
CENSSIS 

Center for Subsurface Sensing and Imaging Systems, a National 
Science Foundation Engineering Research Center at NEU 

CERT Certification testing at the TSL 
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Term Definition 

CIA Central Intelligence Agency 
COE Center of excellence, a DHS designation 
CONOP Concept of operations 
COP Concept of Operation 
CPI Cast & Prosthesis Imagers 
CPU Central processing unit (a general purpose computer) 
CRT Certification readiness testing 
CT Computed tomography 
CTreconGC CT reconstruction grand challenge; in places “GC” is deleted 

from this acronym, 
CTsegGC CT segmentation grand challenge; in places “GC” is deleted 

from this acronym, 
DAS Data acquisition system 
DHS Department of Homeland Security 
DHS S&T DHS Science & Technology division 
DICOM Digital Imaging and Communications in Medicine; 

http://medical.nema.org 
DICOS Digital Imaging and Communications in Security. NEMA 

standard for image format for security; NEMA IIC Industrial 
Imaging and Communications Technical Committee.  

DOD Department of Defense 
DOD Department of Defense 
DR Digital radiology 
EDS Explosive detection scanner that passes TSL’s CERT. 
ETD Explosive trace detection 
EXD Explosive detection directorate of DHS 
FA False alarm 
FAA Federal Aviation Administration 
FAT Factory acceptance testing 
FBI Federal Bureau of Intelligence 
FBP Filtered back-projection 
FDA Food and Drug Administration 
FOUO For official use only 
FOV Field of view 
GC Grand challenge 
GPU Graphical processing unit 
HME Homemade explosive 
HMS Harvard Medical School 
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Term Definition 

HVPS High voltage power supply 
IED Improvised explosive device 
IEEE Institute of electrical and electronic engineers 
IGT Image guided therapy  
IHE Integrating the Healthcare Enterprise 
INL Idaho National Laboratory 
IQ Image quality 
IRT Iterative reconstruction technique 
JND Just noticeable difference 
L-3 L-3 Communications 
LAC Linear Attenuation Coefficient 
LLNL Lawrence Livermore National Laboratory 
LS Line scanners (projection scanners) 
Manhattan 
II 

TSA procurement program for next-generation EDS 

MBIR Model based iterative reconstruction 
MC Monte Carlo [modeling] 
MI Medical imaging 
MIC Medical Imaging Conference (IEEE) 
MMW Millimeter wave 
MRI Magnetic resonance imaging 
MV Multiple view 
NDA Non-disclosure agreement 
NDE Non-destructive evaluation 
NEMA  National Electrical Manufacturers Association 
NEU Northeastern University 
NIST National Institute of Standards and Technology 
NQR Nuclear Quadrupole Resonance 
ONR Office of Naval Research 
OOI Object of interest 
OSARP On screen alarm resolution protocol/process 
OSR On screen resolution 
OUO Official use only 
PC Photon counting 
PD Probability of detection 
PET Positron emission tomography 
PFA Probability of false alarm 
PPV Positive predictive value 
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Term Definition 

QR Quadruple resonance 
RED Remote explosive detection (stand-off) 
RFI Request for information 
ROC Receiver operator characteristic  
ROI Return on investment or region of interest 
RPI Rensselaer Polytechnic Institute 
RSNA Radiology Society of North America 
SAT Site acceptance testing 
SBIR Small business innovation research  
SCS Standard Communication in Security 
Sensitivity Probability of true positive 
SIRT Simultaneous iterative reconstruction technique 
SOC Stream of commerce 
SOP Standard operating procedure 
Specificity 1 – probability of false positive 
SPECT Single photon emission computed tomography 
SPIE International society for optics and photonics 
SR Statistical reconstruction 
SSD Security system developer. Vendor of complete security device 

such as L-3, Reveal, Analogic or Morpho Detection 
SSI Sensitive security information 
STIP Security Technology Integrated Program 
TBD To be determined 
THZ Tera-Hertz imaging 
TIP Threat image projection 
TMI Transactions on Medical Imaging. An IEEE journal publication. 
TQ Threat quantity; minimum mass required for detection. 

Value(s) is classified. 
TRX TIP-ready x-ray line scanners 
TSA Transportation Security Administration 
TSL Transportation Security Lab, Atlantic City, NJ 
TSO Transportation security officer; scanner operator 
TV Total variation 
WBI Whole body imaging; a deprecated term for AIT 
XBS X-ray back scatter 
XRD X-ray diffraction 
Z Atomic number 
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15. Minutes 

15.1 October 5, 2010 

MBS:  I am Michael Silevitch, the co-director of ALERT.  I look forward to a 
very exciting exchange of ideas.  Behind the impetus of these workshops are 
the academic and third party industrial communities who have not been 
given the opportunity to engage in the development of screening 
methodologies for Homeland Security.  We are attempting to involve them 
and make the next generation leap of technologies.  There is no such thing as 
a naïve question; whether you think it is trivial or obvious, ask the question.  
That is all I want to say.  Please talk and interact.  Don’t just sit and listen to 
the talking heads; be argumentative.  With that I’d like to welcome you and 
introduce my colleague Doug Bauer from DHS. 

DB: I thank everyone for attending and participating.  I hope to share my 
perspective from DHS.  In Washington, DC we live in a very stressful time 
with elections near.  The research community is under huge pressure to 
solve practical problems involving screening luggage and people.  The 
current technologies are inadequate with regards to accuracy and cost.  My 
directorate’s main customer is TSA; they are patient with science, but not 
infinitely so.  We must show progress and lead in transformative 
technologies.  Please join us in showing why this work we do is valuable and 
how it is of value throughout  the world. 

HM:  Welcome.  This is the fourth ADSA workshop.  This is a challenge for 
the government and the national labs to get the information out to the 
science community.  One of the problems we have is struggling to get the 
data we have out so you can educate us on the capabilities you have now.  Is 
there low hanging fruit we can achieve now while setting us up for the long-
term solutions to these problems? One of the questions Carl sent out was out 
to get the data we have.  We have it and this data is available to you.  This 
will educate us about what you have and it will educate the government 
about what we can do. 

CC: Good morning, I’m Carl Crawford, the moderator.  I emphasize that this 
is not a conference; this is supposed to be interactive. All attendees are 
required to participate.  Interrupt and ask questions.  This applies to 
everyone.  What is the definition of success?  We have third parties working 
on advanced reconstruction.  This will happen by contracting or consulting 
vendors.  Funding will come through the government or through ALERT.  We 
also will get students trained for working in industry. 
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HM:  For national labs and the government, we need to educate them about 
what we can do. 

MBS:  Many of our students are not U.S. citizens.  How do we deal with this? 

CC:  Right now it is a problem.  It is probably not going to happen.  We can 
try to break the problem up in parts to deal with this. 

MBS:  Sabbaticals too? 

CC: Yes. 

MBS:  I bring this up as we have to grapple with this problem. 

SSK:  What are you looking for the student s to do? 

CC: Reconstruction in this case, we are looking for students to get hired by 
vendors.  There is a shortage of students. 

SW: One model is through the vendors, but it is not the only model.  It is one 
of the easier models. 

CB:  I didn’t know there were so many job openings.  Maybe the Center could 
act as a clearing house for job openings.  I don’t think this knowledge is 
widely available to students. 

KR:  (?????????????) 

PL:  Do you need clearance to work with a lab? 

PTB :  Once he is an employee at the lab it is easier.  Not all data is classified.  
For foreign nationals there are not generally restrictions. 

AF:  We are able to work with foreign nationals.  Related to the job 
questions, if you are looking for a job, a vendor is more likely to hire you if 
they think they will be able to get clearance on you.   

FN:  How can a student publish his thesis if he works with classified data? 

CC:  We haven’t worked this out yet. 

PTB: Some of this is short-term. 

HM:  We have done this in the past with universities and we’ve been able to 
get students published.  The national labs do want to publish and it is 
beneficial to us. 
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MBS:  Part of the issue is that we need to have long range research.  Part of 
our funding will be towards this.  Medical imaging deals with this.  We have 
to strike a balance and we can.   

CC: Carey, can you comment on your student Justin’s thesis?  Any problems? 

CR:  No.  Just to mention that 80% of graduate students at NU are foreign.  
About half of them are Chinese.  So it will be difficult to do this type of work 
there.  My idea is that it is reasonable to involve them in basic research but 
the secure work has to be divided and protected.  It has to be clearly defined. 

DB:  When I did my research in nuclear physics at the height of the Cold 
War, we still produced graduate students.  Somehow the nuclear industry 
figured out how to keep the nuclear secrets of the nation safe but at the 
same time, educate the students and build the student base we needed for 
the future.  It might be fruitful to engage the nuclear industry and find out 
how they “threaded the needle.”  We aren’t the first to do this. 

JB: Security is a red herring; if we find a good student we will figure a way to 
work with them.  We should focus on getting good students.  Then we can 
figure out how to work with them.  I really think this is not a point of issue.  
We should keep a list of people who are interested.   

CC: We will come back to this issue tomorrow.  Third parties are honest 
brokers.  National labs are not considered third parties; this is a mistake we 
made at the previous workshops.    

HM:  One of the things DHS has done is to stand up the database.  We have 
10s of terabytes of data.  We have more than we can analyze most of the 
time.  This is data that can go to third parties though they might have to go 
through an NDA.  The question is, “How do we get this information out to 
them?”  We want to start doing this. 

CC:  Another type of third parties is ???????????  It is our job to educate the 
third parties????? 

HM:  What aren’t we aware of that can help the government become aware 
of what we can do? 

CC:  (Shows slides of terrorist threats recently in the news, including the 
shoe bomber).  The reality is you can go on the internet and buy books on 
how to build bombs.  Now we call them homemade explosives.  The 
problems that we deal with are terrorists attempting to blow up planes, 
create homemade explosives, etc. 
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HM:  There’s a real threat out there.  We need to perform better. 

SSK:  Has the government sat down and said, this image is good enough?   

CC:  There is no insight from the government into what is the acceptable 
criteria.   

Mike L.: We didn’t note anywhere that over the past two years the national 
labs have been working with NIST to develop _______???????? It provides 
industry with what they think are valuable characteristics in the image. 

CC:  I’m surprised you haven’t mentioned that the government normally 
doesn’t pay for performance.   

GZ:  That is not true now.  (Hard to follow.????????????) 

CC: (Shows the big vendors on slide including AS&E, Reveal, etc) Some of the 
material we have is from the vendors.  We are not criticizing them by 
looking for new vendors. 

HM: The problems are getting more difficult. 

CC: We want to augment the abilities of system vendors with third party 
involvement.  The purpose of this workshop is to facilitate this involvement.  
AIT is acronym which is the politically correct term for whole-body imaging.  
(Goes over slide called “Certification Requirements,” none of this 
information is classified). 

HM:  None is classified. 

CC: for this workshop, assume implementation is not ___________.   

(Lost??????????)  A good image?  

DG:  It is 450 bags an hour correct?  Someone help me with this. 

Mike L.  The actual throughput is now strictly based on average bag time.   

CC:  The minimum floor is about 225.   

SW:  TSL goes through certification and sometimes it takes longer but it will 
be certified if it passes the PDPA requirement. 

CC: The issue with iterative reconstruction on medical is acceptance criteria.  
You have to resell image quality to the community.  That is a conversation 
for this workshop, what does it take to make a good image? 
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JPS:  In the medical arena, there is a stratification approach.  There is a 
whole chain in the medical arena where you try to separate those who are 
imaged. 

CC: For the sake of the workshop we’re talking about one box.  The object of 
this workshop is just talking about reconstruction algorithms for CT. 

HM: There is some stratification (differs by country) could change.  Both 
technology and profiling. 

KT: We are talking about reconception right now, but it seems that this has 
to be combined with explosives detection algorithm. We need to figure out a 
way to combine these two subcommittees and improve the performance.  If 
we don’t know what others are expecting, improving our performance may 
be too optimistic. 

CC: These machines are measuring mass density, volume and homogeneity.  
One measure of image quality is minimizing streak artifacts.  Eventually 
there’s also an aggregation program.  Piles of magazines, etc.  The goal in 
terms of image quality is how to improve it and a lot of explosives are 
homogeneous, so it’s reconstruction of homogeneous objects.  It should be 
obvious that measure of image quality is splitting aggregation, estimating 
parameters.   

Medical folks: We can’t stop you from scanning stuff.  Funding is another 
issue. We just talked about morphology.  Some objects, both threats and 
non-threats, make it impossible to use homogeneity threats in some 
situations.  So do we need separate hetero/homogeneous object 
reconstruction paths?  The goal of the whole workshop is to shrink the size 
of the cloud. 

PLR: How many of the scanners are dual- vs. single-energy? 

CC: (segue about foreign/US scanners).  The only deployed dual-energy 
scanner is the Reveal scanner. (Slides about different company scanners)  In 
terms of the scope of the workshop, we’re talking about machines that have 
between 2 and 100s of views per rotation.  U.S. govt. is spending $1B/$1.5B 
on false alarms per year. 

KR: Let’s talk about the different applications for the technology. 

CC: I don’t think that is required, just that we know about it. 

KR: I would say yes and no. The measurements are so different; I think 
people need to know.  The throughput requirements are different. 
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AF: The money level in terms of checkpoint/checked bag machine is very 
different, so the industry view of design/resources is very different. 

FN: The main artifact I see in these images is photon starvation.  We could 
spend a lot of time on algorithms that deal with that problem, so why don’t 
we spend time on creating the photon flux? 

CR: Yes, but it’s not all starvation. 

HM: We did look at different energy, but then you run into contrast 
sensitivity.  There’s a tradeoff there. Higher energy, is it better or worse? 

DG: ??? It’s not just starvation. 

RM: Definition of photo starvation 

CC: The amount of photons coming out is less than the electronic noise. 

AF: You also have to worry about the dynamic range of your detector, 
depending on machine. 

HM: That also very nicely eliminates the security problems.   

EI: Maybe we should expand this workshop to topics of segmentation? 

CC: That was the focus of the second workshop – we’re running a grand 
challenge on segmentation now. 

FN: You can scan a longer time; this is how you will get more photons.  I’m 
trying to distinguish where reconstruction efforts should be put first. 

CC: We’re trying to compartmentalize the problem.   

FN: There are fundamental limits, however. 

TG: The first order of metal artifacts has nothing to do with photons, it’s 
simply contrast range. 

XP:  I agree, you can simulate your data with no starvation at all, but you will 
still have artifacts. 

GZ:  Carl, I think we’re losing sight of practical conditions on the ground.  
What we’ll really end up doing is finding 1000 bags/hour is like 6 airports, 
and for each one of those there are 20 airports that scan like 20, 50 bags an 
hour.  ATL, largest airport in US, is not a single airport because there is no 
baggage handling central point.  So we need to solve the problem for 200 

Algorithm Development 
for Security Applications

                       Final Report 
October 2010 Workshop

107



 
 

bags/hour, etc… but when we get to 1000 find a different solution.  
Remember, the 9/11 hijackers started in Portland, Maine, not JFK. 

CC: You’re all right that hardware improvements will help but we have to 
stay focused. 

MS: There’s a need for forward simulation capability, an aid to people that 
want to get into the field but don’t have access to the data. 

CC: (scope slide) 

AK: You mentioned earlier that the ultimate outcome should not be sheet-
dependent? 

CC: For sure with certain explosives, but not with liquids for example. 

AK: Some intermediate algorithms could be of use, though. 

RK: You cannot declare an object to be innocuous on the basis of its shape 
alone.  You can certainly use it as a tool to determine attenuation, etc. 

CC: (Questionnaire, questions slide) 

DB: There’s another perspective people should be aware of.  With respect to 
this fiscal year, we need it to be accessible to us and we suspect that given 
the political atmosphere, a budget will not be agreed upon until deep into 
the fiscal year. 

CC: (More slides)  

DH: How do you plan on integrating the expertise of academia into 
reconstruction? 

CC: The easiest way is to go consult, and then you’ll be integrated right away.  
For students it’s a little more difficult, but there will be the public algorithms 
we’ll talk about tonight. 

AK: I’m confused about funding.  Some people say it’s hard to get funding; 
however, some funding is flowing?  Can you describe the situation more 
specifically?  I am completely in the dark.  More details about this limited 
funding would be great. 

CC: It is confusing.  One way is to network today with the vendors, etc.  
Everyone sitting here should be talking to the vendors.  This doesn’t solve 
George’s problem where we want it to be open to everyone, that’s another 
issue.  Suriyun, comments about BAAs in general? 
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SW: We put out a BAA every year.  Specific, targeted RFP.  It covers 
everything from chemical and biological threats to explosives to whatever.  
It’s not overly specific but it’s got some requirements, white paper first, then 
if we like it we’ll encourage a proposal.  That’s an open call for white papers 
on any topic. 

PS: Open to non-US? 

SW: Yes, it is.  It’s a little tricky when you have foreign nationals based over 
here, though.  We’re open to having potential ideas flowing in.  With this 
type of work, I don’t think we’re at the stage where we’ll be putting out 
targeted RFPs. 

PTB: What do you consider long-term? 

SW: The long-range BAA (first, has to be innovative in some way, studies fall 
under that).  Delivery, anywhere from 1 – 8 years.  But typically we would 
fund the initial portions and you would show how it extends to technologies 
down the road. 

CC: Let’s come back to that tomorrow.  The answer: Don’t apply without 
talking to somebody, some type of mentorship, don’t waste your time. 

AK: Is this BAA suitable for people from academia, basic research, or is it 
more like a complete system in a sense?  Like I have an idea not related to a 
scanner… 

DB: That’s permissible. 

CC: DHS also created the CoE to solve some of the funding problems. 

MS: We have money available for new starts – not a lot, but some – but there 
are other avenues like the grand challenge.  In general, come and talk to me 
about your ideas and we’ll figure out a win-win. 

SW: Talk to me and we’ll figure out what best serves the potential idea. 

CC: Hopefully the output of this workshop will lead to a reconstruction 
grand challenge similar to the segmentation grand challenge. 

AF: About working with industry, the comment is the same… come and talk 
to one of us, make contact and we’ll walk through. 

Morning Break 

Charles Bouman 
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CB:  I appreciate the opportunity to speak especially given the distinguished 
audience.  My first talk is a tutorial on reconstruction and the second one is 
on iterative reconstruction.  I wasn’t sure where the dividing line is so I 
merged the two.  I want to talk about the basic methodologies of 
reconstruction.  (Shows the summary slide).   

CC:  Why don’t you combine the talks? 

CB: Okay I will.  After 40 years inversion data is still a difficult problem.  
There are two general categories of methods for CT reconstruction.  Direct 
algorithms are the mainstay of the industry.  You take the measurements. In 
the iterative approach you take the measurements and create a physical 
model of the system. You can also model properties of the image you are 
creating.   

CC:  What does the model do? 

CB:  A very good point.  You put in a lot of work to create an accurate model; 
the hope is that it will create a better result but it doesn’t always.  There is a 
lot of statistical analysis trying to quantify the improvement.   

CC:  Let’s bridge the gap for the vendors.  What did it do for modeling? 

MBS:  How is tweaking the model different from reconstruction? 

CB:  Let me go to iterative reconstruction. You make a bunch of 
measurements and you have a model but the image doesn’t match the 
results. This type of algorithm breaks down into 3 parts: the forward model, 
the prior modeling (textures of different threats), and the optimization 
technique.  The first two pieces control the quality of the image and the third 
only controls the speed of the result.  You don’t always achieve the optimum 
so this changes the results.   

MBS:  What happens if I replace the physical system with accurate 
simulation data? 

CB:  In my opinion you would get a good result. 

MBS:  I’m saying simulated data. 

CB:  I think there would be a lot of value in that.   

Tom G.: I agree with what you say but how you define optimum, in the third 
part, really defines what you get. 
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CB:  I agree.  In OSCM with PET scanners it is more of an Art definition.  One 
thing I want to say is the image mode can contain a sophisticated ________ but 
in many cases it doesn’t.  Prior models don’t catch many sophisticated items 
that a human would. The good thing about models is they give you a good 
answer if correct and they give you a bad answer if wrong.     

JB:  There is a real issue related to iterative reconstruction.  In medical 
imaging the sample is really defined and the characteristics are understood.  
In baggage, this is not the case.  It changes frequently and is a very 
interesting problem.   

CB: I agree with your view but I disagree with your implied opinion that it 
isn’t transferable.  I have my own biased opinion that it is transferable.  The 
questions you raise are very important.  Algorithms in reconstruction that 
adapt, as Carl mentioned in some of his slides, is doable I believe.  There are 
a lot of methodologies coming out outside of the imaging community that 
might be applicable. 

Kumar B: (?????????????????) 

CB:  I wouldn’t imagine that this would occur in time.   

CB:  There has been a lot of interest in iterative algorithms in CT scanning 
but people didn’t know if it was cost effective.  To get high quality output 
you need to implement this carefully.  In the medical case, in my opinion, the 
data shows you can get much higher quality.   

CC:  Why do you think everything out there is based on direct methods of 
reconstruction? 

CB:  Because most of the stuff based on iterative reconstruction is of low 
quality. 

TG:  Our methods used direct (ART) because we based ours on the work 
done by the U. of Penn.  If you figure out a good model for yours it is a real 
competitive advantage. 

CB:  I agree.  What he is saying is model determines the whole thing. 

DG:  You can’t overlook the FDA regulations.  

TG:  I have personal experience with a small company that closed because 
they couldn’t get their equipment medically certified. 

CB:  The methods I help create are being used in medical communities now.  
We have a huge amount of data. 
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DG:  But that is one algorithm.  You are very lucky if you got that far.  It is 
very difficult for a lone person.  

CC:  One of the big problems is the question, “What is better?”  Let’s leave the 
idea of FDA approval on the side. 

CB:  (Shows slide “Which artifacts can MBIR help with?”)  

AF:  Help how?  Relative to direct? 

CB: Yes.  I think beam hardening can be addressed by direct… 

HM:  Are you modeling the energy spectrum? 

CB:  No.  If you model the energy spectrum you should be able to make the 
beam hardening go away.  This is something which can go away with proper 
modeling. 

KT:  It is a bit misleading but beam hardening … 

CB:  In my defense, this isn’t something we just did.  We’ve been working on 
it for 10 years.  We haven’t solved beam hardening.  We have been able to 
reduce the noise with iterative reconstruction.  I think iterative has gone 
beyond being a science project. 

HP:  At my institution, in the next two or three weeks we are going to enter 
some experiments to prove the value of iterative reconstruction.  This is in 
the process over the next two or three years of being introduced into 
medical practice. 

CC:  So tell DHS, can this help DHS and make an impact in the area of 
security? 

CB:  In my opinion, yes.  I think it can help reduce the noise and artifact.  IF 
you got cleaner images it could help.  I want to be cautious that when you 
have an optimized system and you replace a piece you have to do a lot of 
work to re-optimize.  It’s a lot of work but it is worth it. 

Paul S.:  How do you define/measure noise? 

CB:  The noise of the center and the noise of the reconstruction?  Iterative 
offers more potential than just post-processing.   

DB:  My only confusion is that there are people with different levels of 
knowledge.  People with a lot of knowledge are having a valuable dialogue.   
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MBS:  Looking at these images and having you tell us what are the 
takeaways is very valuable. 

CB:  (long technical explanation) 

Advances in Medical Imaging-large number of projections 

Frederic Noo 

FN:  What I am trying to explain is that there is no general silver bullet.  
There are methodologies.  They need to be used on a case-by-case basis, but 
at least the methodology exists.  Data is not monochromatic, but we’re 
getting really close to it by doing some preprocessing of the data.  If the pitch 
is too high and you don’t want to restore a priori, I would say there are 
limitations that cannot be beaten.  Either you come up with an unstable 
solution or you come up with an approximate stable solution. 
Basically what I’m picturing is that we have an object to scan and it’s within 
a convex step.  My whole talk, I’m assuming that the measurements are line 
integrals.  A lot of preprocessing has been devised to make the data look 
very close to line integrals.  You have to trade approximation for stability.   
If you have a lot of planes that do not intersect the source trajectory, you 
need to come up with some a priori information to compensate. 
(Technical explanation of slides) 

So my main message is that even if you have data, if your data geometry is 
not well designed it will be flawed. 

Understand that there is a lot of redundancy and you don’t want to use every 
bit of reconstruction available. 

(Technical explanation) 

(Explanation of helix) 

There is a sophisticated formula that will allow you to do reconstruction 
with truncated data, but these tools are not ready to be used, the 
methodology needs to be refined. 

(Differentiated back-projection technique technical explanation)  It’s been 
found that by just back-projecting the derivative, it doesn’t matter what 
route you take to get to the result. 

CC: Who came up with the phantoms, how long did that take to do this?  DHS 
is interested in funding this. 
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MK: There was a first version of this phantom provided by Siemens.  Then 
we had a big collaboration between several universities and came up with… 
(another) phantom. 

CC: Think literally what it would take to do this, how much money and time 
it would take. 

FN: (technical explanation of phantom) 

???: Can you say where the invalidation will be? 

FN: You need to have a little bit of a priori information.  You won’t be able to 
do a good reconstruction if you aim for one point.  There’s always a limited 
angle problem. 
We can avoid cone beam artifacts, which is the main problem I know in 
luggage scanning.  Direct reconstruction problem:  It’s very difficult to know 
how to optimize data. 

CC: One of the things here is that there’s a point that a lot of the math has 
applied to different methods of filter-back resolutions.  Carey has data 
showing that high-res scanning of explosives are important. 

AK: I’m not sure that the main emphasis is resolution; I thought it was 
dealing with truncated data/cone beam artifacts. 

CC: A second machine. 

AK: But then it’s not really clear which methodology will be better. 

CC: And yes, at very high resolutions, texture is important. 

AK: From the engineering perspective, if you want to build a machine with a 
small detector, what do you do about a big explosive? You get truncated 
data, low-res image.  How do you do positioning? 

FN: We should think of a scanner that has a low-resolution scanner for a 
large object and a high-res scanner for targeting. 

AK: So how do you move this small detector around? 

CC: That’s an implementation issue, but I can tell you the machine that you 
describe has been built already. 

XP: What do you mean by resolution? 

AK: Theoretically they’re all the same, but when you talk about discrete data 
you see differences. 
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CC: But nobody says it has to be exact. 

JG: I’m going to show you anecdotally that I can hone in on a region and give 
you a high-res image. 

FN: Sure, there are a lot of non-linearities, but pre-processing techniques can 
solve 80% of those, artifact reconstruction for the other 20%.  You can try to 
have a unified system, but that’s problematic. 

DH: I think we’re stepping beyond that.  We have an intelligent 
segmentation algorithm, that’s different from medical.  We don’t presume 
that it will make the decision on whether to look at the image in medical. 

CC: For the sake of the workshop, we’re assuming that better reconstruction 
is better.  We will be handling segmentation independently.  We have to 
decouple them. 

FN: Iterative reconstruction can improve the image, but I don’t think it’s a 
good tradeoff between cost and improvement. 

Marc Kachelriess 

MK: Good afternoon.  It appears the iterative reconstruction makes images 
from complete data and our second speaker spoke about doing it from 
incomplete data.  With compressed sensing, an iterative method, I would 
suggest you use if you have incomplete data.  I find this is a new method to 
incorporate a priori knowledge.  What we have found is that with special 
cases parameters need to be tuned.  The principle behind compressed 
sensing is quite interesting.  (Shows a slide with some papers he suggests 
people read.)  Compressed sensing uses a priori knowledge into the image 
being scanned.  CS aims to recover an image from a small number of 
measurements (e.g. projections).    “Typical Problem Formulation” slide 
show-goes over the equation.  Prior image constrained compressed sensing 
is used if you have a good prior image of the item to be scanned with the 
image you want to scan.  The image can show where the two images differ.  
You can get impressive images from this approach.  (Shows slide “Patient 
Reconstruction with Low Projection Count”)   

MBS:  What are the problems with the image? 

MK:  We would expect some noise in the image.  The background should 
show some soft tissue contrast but it doesn’t.  They are looking too smooth, 
no noise.   

PS:  You are saying that humans can use the noise as a textual queue? 
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MK:  Yes. 

CC: So when you talk about the sparsification then you don’t do that if you 
want to see texture?  So it is possible to tweak the heuristics to see the 
texture? 

MK:  Yes. 

IE:  In security scanning the sparsity is it the same as in this image? 

MK:  No, it is different. In medical imaging it is always the same but with 
luggage you can’t make any assumptions.  (Goes over a series of slides 
showing how compressed sensing improves CT image scans.) Metal artifacts 
will be a big problem in your luggage.  Here I recommend you also use 
compressed sensing and you get a very nice image.   

ML:  On most of these slides where do you get the first gradient image?  You 
do some type of filter back projection then iterate? 

MK:  Something like an iterative reconstruction and then try to minimize it 
by a few small steps.  This helps minimize it.  There are alternatives to CS 
with metal objects.  (See slide Normalized MAR(NMAR))  This is very 
effective and it is not iterative.    The problem with the total variation is that 
it is iterative.  My conclusion is that CS image reconstruction offers a new 
mechanism to incorporate a priori knowledge.  It might take longer as it is 
iterative. 

Patrick La Riviere 

Sinogram restoration for computed tomography (title of presentation) 

PL:  An approach we’ve been pursuing is, rather than do processing in a 
piecemeal place, is to do sonogram restoration to reduce artifact and to do it 
in a statistically principled way.  (See “Conclusion” slide).  It has its 
limitations though.  There are lots of deviations from the model such as 
noise, beam hardening (causes cupping), and off-focal radiation.  (Technical 
slides)   
Scatter’s not something we’ve tackled directly – this doesn’t give you a way 
to estimate scatter.   

(Technical explanation) 

(Four potential strategies slide) 

(All the effects + examples slides) 
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(Geometric modeling + examples slides) 

(Comparison to fully iterative methods slide) 

CC: So Paul talked about the use of blobs or something equivalent.  Is there 
something analogous? 

PL: I’m not sure there would be a lot of advantage in using blobs in the 
sonogram domain. 

DG: In a cone-beam scanner, do you have to make the corrections… wouldn’t 
it be a different optimization? 

PL: X-Ray optics in 3-D is something we haven’t done yet.  In the cone beam 
it might not be so simple. 

SD: How do you choose effective energy? 

PL: We choose the average energy of the spectrum we emulate.  We 
definitely computed that non-linear mapping by calculating projections 
through a water phantom.  In practice, on commercial scanner some 
manufacturers use polynomial model and those are known. 

Tim Szczykutowicz 

TS: PICCS algorithm was developed at UW-Madison and can reduce 
radiation dose, lower system requirements.   
Another project I am working on, we built a bench top face-contrast CT 
system, you can look up the research we’ve been doing… face contrast is a 
contrast mechanism for the absorption of photons. 
(Technical explanation of algorithm)  The more assumptions we can make 
about an object, the less data we need to do a reconstruction. 

(Slides explaining mathematics of PICCS) 

Any artifacts in our prior image that aren’t consistent with prior data will be 
removed; consistent will remain. 

MBS: When you say prior image, it really is an image of the space you’re 
interested in, the actual area.  Is that right? 

TS: Yes.  It should be similar to the target image but yes. 

MBS: The question is, how different?  There’s a point where the difference 
will be greater than the savings. 
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TS: We’re still investigating how far we can push it, how similar it needs to 
be. 

CC: Any thoughts right away? 

TS: Of use with truncated data (???) (kVp switching slides) 

??? : How did you get the prior image? 

TS: For this study, we averaged two projections together.  Artifacts do 
present a problem at a really low slew (?) rate.  We wouldn’t see that here, 
but the problem does exist at low rates. 

MK: We presented artifacts we had to correct for this year.  How do you do 
this in your case? 

TS: I guess I’m just pointing to the paper we have published where we did 
the study.  We didn’t use any kind of beam hardening correction here. 

CC: I think in the literature it talks about how the use of phantoms translates 
very well in analytical reconstruction for medical imaging, but it does not 
translate for this. 

TS: We always start by doing numerical simulations, phantoms, and then 
patient studies.  We haven’t really had an issue with this so far. 

FN: How big is the diameter of the phantom? 

TS: I want to say 33 centimeters, it’s a big phantom. 

CC: This is dose reduction, for constant dose, if you apply PICCS, do you get 
better image quality? Reciprocal? 

TS: (Didn’t get explanation) 

SD: (exchange about how exactly PICCS works) 

RS: (technical question) 

TS: The higher alpha gets, the more similar the reconstruction will be to the 
prior image. 

(More slides about PICCS applications) 

Ken Taguchi 

KT:  Photon counting allows us to obtain material specific information such 
as density which allows you to identify the material.  We want to take 
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advantage of this.  It doesn’t matter what type of material it is it allows us to 
use the spectrum to identify materials.  Multiple energy beams allow us to 
reconstruct the image.  An advantage of this approach is increased contrast 
noise.  The equation breaks down to energy component and spatial 
component.  It is important to have 3 or 4 energy beam to get the data.  
Myths are that PCD has perfect energy resolution, does not add noise, and 
records the energy spectrum as transmitted.  We need to come up with a 
modeling approach to correct for this.  In conclusion the photon counting 
method allows us to identify materials more exactly.  To do this we need to 
create models and compensation/reconstruction methods. 

Xiaochuan Pan 

XP:  The purpose of my talk is to inform you of algorithm advances that can 
be transferred from the __________ community to the security community.  
Hopefully this will stimulate discussion.  We need to look at real data so I 
will go over some real data examples.  I will then look at some optimization 
based algorithms.  The equation is very simple (see slide for algorithms.  
Shows slide “CBCT Study of Porcine-kidney Specimen” along with several 
other slides of real images).   

One thing I like to mention is that it is popular to do fine focal spots and you 
can increase the density which allows you to decrease the artifacts.  So much 
for the examples.  In terms of algorithm development, the imaging process is 
very complex.  We came up with a model.  There is another set of algorithms 
which take measurements.  Please note the discrepancy between the model 
and the real world.  It can be minor but it can also be huge.  (Goes over the 
slide “Different Optimization Formulas”)   

Once you have the optimization problem you have to solve for it.  When you 
talk about convergence you have to talk about practical solutions.  The 
specified solution might not be the best solution.  (Slide “Is Image-based 
“Convergence” meaningful?”)  Evaluation is very important.   

The first purpose is to make sure you have achieved the specified solution.  
Once you do that you need to make sure you have the desired solution.  
When you do all of this you need reference images so we use FDKs.   

Jens Gregor 

Iterative Reconstruction using SIRT and Focus of Attention 

JG:  How to breathe new life into an old algorithm called SIRT.  Some of this 
applies to iterative reconstruction in general.  It works like most iterative 
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reconstructive algorithms.  Why on earth would I want to use 40-year-old 
algorithms?  I coded up a bunch of algorithms and when I compared them to 
SIRT there wasn’t much difference and I saw that there was room for 
improvement.   
I don’t believe in large matrices having identical lambda min values. 

(Something about Fibonacci numbers with orthogonalization)  So what you 
need to do with this is a priority queue – a data structure that magically 
gives you what you want in the very first element that you’re looking at. 

CC: What was your initial condition? 

JG: 0. one iteration with 30 subsets.  This all computes in a couple minutes 
using simple PCs.  This is ax+b in its purest form with nothing except 
geometry. (???)  Disclaimer: This is unpublished work, I haven’t looked at 
the literature for it, and I have no idea if there were patents out there.  
(Shows initial few-view reconstruction slide) 

Yunqiang Chen  

YC:  We designed sensors to improve the convergence rate of the iterative 
algorithm. (?)  (shows dual energy CT slides) We can see that the non-
organic and organic layers separate really well.  Notice we only have two 
inputs... if there are more than 2 materials, traditionally we wouldn’t be able 
to handle that, but we have learned to separate into more layers.  In dual-
energy due to constraints the second detector is a little smaller, so we can 
only get a cropped view.  We tried to extrapolate the image to the whole field 
of view.   
(Traditional formulation slide) Each subset contains an (?) signal and it can 
be corrupted by noise.  This doesn’t incorporate all the prior knowledge we 
have yet.  The estimated noise is currently negative to each other.  They 
should be independent and instead they are fully correlated.  So can we 
utilize this constraint to improve and do a better restoration?  This 
information is not easy to optimize but it’s still doable.   

(Streak artifact reduction solution slide) (Algorithm Diagram of each 
Iteration) 

We know that the two images are of the same image, but they are not 
identical; the contrast level is very different. 
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15.2 October 6, 2010 

Homer Pien 

HP:  Within the medical community, you have different kernels which can be 
used for different applications. Number of projections-security scanners do 
1000 or more.   

Here is a clinical example.  Suffice it to say the upper left picture is at full 
dose.  The middle bottom picture is at 10% dose but with only a few views.  
This is the data you get.  We seem to be able to compensate for the loss.  The 
rotation rate is 3-4x/sec.  You see a lot of motion blurring effects.  For image 
acquisition rate for security the rate needs to be 10-30cm/sec.  It requires 
image formation to keep up with the data acquisition.   

Without a huge optimization of the code we should be able to achieve real 
time iterative reconstruction in the near future.  The power consumption is a 
major concern for the security providers.  On the clinical side this example 
shows FBP at 25%.  IRT at 25% .  This is of a elderly women in the IRT image 
it is much clearer to see.  It is very hard to see the margins of the lesion but 
with the IRT image it is much clearer.  This is an example of using IRT to see 
things we couldn’t before.   

Blooming artifacts-occurs in the presence of X-Ray dense objects.  It happens 
with calcifications and bones.  Beam hardening we talked about his 
yesterday with regards to cupping.  Here is an image of the skull with the 
characteristic cupping effect.  Here is an image of a backpack viewed using 
FBP on one side and with IRT on the other side.   

We used Siemens equipment to scan it.  On the FBP image you can see cross 
sections of the wires.  This is a very difficult image to see.  When you have 
many dense metal spots it is hard to correct  so with IRT it is some trick to 
compensate for this.   

CC:  Can you use the Siemens equipment to do DHS work? 

HP:  Our use is up to us. 

CC:  Hypothetically could use take a contract to do IRT with this equipment? 

HP:  I don’t see any problem with this.  Here is a different case with a 
cardboard box with stuff including a laptop, water bottles, and some Israeli 
explosive simulants.  You can see cross sections of the items in the image.  
We are trying to answer the question if using multi-energy to improve the 
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Zeff estimation?  There seems to be some evidence that we can improve the 
ZF.   

Ken Taguchi’s colleague has a wonderful photo of a phantom stenosis that, 
using multi-energy spectrum they can tease out the various components of 
the image.  In this image on the right you can actually see it is lit up and this 
is an indication of a rectal tumor.    

Here is another image.  In the top image you can see a precontrast image.  On 
the bottom right you can see the thrombus.  The point is there are some 
exogenous materials we bring in to enhance the image.  High quality images 
may be the endpoint for medical imaging.  Although CAD is emerging as a 
medical tool.   

In conclusion, there are considerable similarities between clinical and 
security CT.  The use of iterative reconstructions and other techniques can 
enhance security CT images. (See conclusion slide for full details.) 

DH:  Is there a difference between the resolutions you get in security versus 
in medical? 

HP:  I suspect there is, but I don’t know for sure. 

CC:  There are no requirements by the federal government that the machine 
see a certain number of lines per second.   In whole body imaging, Homer is 
now working with ALERT but he works for MGH.  Can you talk about how it 
is handling secure data in a medical setting?  What did it take you to do this?  
Was it worth it? 

HP:  MGH is part of Harvard Medical School and is both a liberal and 
conservative institution at the same time.  They are reluctant to take on this 
type of work but they justified it as some of the applications from security 
will cross over to the medical area.  Frankly, it is a pain.  I made some 
mistakes at first.  It allows us to try some different tools and techniques in a 
different domain.  From my perspective it has been both rewarding 
satisfying.   

CC:  Are you going to get tenure? 

HP:  HMS doesn’t give tenure. 

CC:  Do you see a future in it? 

HP:  Absolutely. 

CC:  Does the student think it is worthwhile? 
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(??):  Yes, but it is a pain.   

CC:  How about the risk of her thesis being classified at the end of it? 

(??): I would be disappointed if this happened.  I think the challenge is to 
take the key intellectual challenges and make them more abstract.  I think it 
is better the more realistic you can keep it but if you have to you make it 
abstract.   

GZ:  Would it be different if one of the vendors came to you?    Would Mike 
be able to come to you and have you work on one of their problems? 

ML:  We are trying to do this.  We are attempting to fund Ph. D. students. 

HP: The technical dialogues are continuing but we are not doing anything 
under contract currently. 

DB:  Where do you draw the line with what a student can publish?   

ML:  I’m not sure.   

(??):  Vendors are time sensitive and PhD students don’t operate on that 
schedule.  They don’t know where they are heading at first. 

DB:  A takeaway is the way ALERT works is we review their work plan 
annually.  Maybe there should be a multi-year review.   

MBS:  We create a multi-year plan of work.  It is very critical for the 
academic community to access to data sources.  We are negotiating with 
several vendors about the idea of taking older machines under sensitivity 
guidelines with TSA to use them to create data sets.  We don’t necessarily 
need the most current equipment. 

GZ: Tackle the problem head-on.  If TSA does not see the problem, they’re 
not going to see the funding benefit. 

MBS: Can you help us? 

GZ: Yes, we do have the lawyers. 

MBS: The real problem is that you take a DSA-certified machine, every image 
is SSI by definition.   

GZ: In reverse, god forbid we have another incident.  You have to be more 
aggressive. 
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MBS: We need to be partners so let’s figure out the strategy and we’ll both 
do our parts. 

AF: It’s very difficult for an institution to regard vendor money as a stable, 
consistent funding source for students. 

PTB: You need to find the funding afterwards. 

MK: But you can intelligently combine funding sources… 

PTB: Only if they’re for the same thing: 

EM: The way things seem to be going with govt. is that there are many short-
term funds, hard to get stable long-term funding.  Bottom line: More stable 
the funding, the better off we all are. 

MBS: On funding German collaborators.  We are working on a collaboration 
with the Fraunhofer Institute – there are funding vehicles. 

CC: There are people in the medical imaging community who are working 
for common vendors.  How does that work? There’s an assumption that the 
medical imaging industry is benefited by having third party involvement.  Q: 
I assume you’re getting money directly, are they getting a payback? 

FN: I can comment on the collaboration with Siemens. First thing, they’re 
very open about communications.  As soon as the project is done they’re fine 
with us publishing the work.  There is also strong incentive for the students 
in that if it goes well, they are pretty much guaranteed a job offer.  It helps 
them a lot to hire a student that has worked on their specific problems. 

DG: Some of the vendor payback is what I call scientific marketing, it helps 
to have luminaries working on a program whether or not it works out.  It 
isn’t always a quid pro quo. 

CC: I understand there’s a marketing aspect but I’m just wondering if 
Siemens is getting value out of it. 

DG: I think that working with people like that is part of the answer. 

MK: I think they are getting a lot of value, educating students, getting a jump 
on evaluating prospective employees, methodologies.  They have a 
possibility to compare things before they bring it into their products.  Plus 
it’s cheaper to do this at universities than elsewhere.  Having a PH. D. 
student funded for three years will create positive output and ROI. 

CC: Andrew, are you convinced? 
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AF: I’ll say later. 

DBoyd:  I’d like to support DG comments in a more specific way.  There are 
huge benefits in the industry for marketing and academic support.  The 
engineering benefits are indirect and hard to justify internally.  I think that 
also applies to security.  I would not be surprised if some of the ind/acad 
support from a security perspective is influenced by this.  The budget we 
spent on those activities came from the marketing part. 

KT: I think for those collaborations from MD/PHD is different from a vendor 
point of view.  If we work with PhDs, we’re more interested in developing 
methodologies.  Motivation may be different. 

FN: It’s pretty illegal for medical companies nowadays to tie research money 
to marketing. 

KR: There has to be some ROI involved, there has to show some benefit 
against showing an internal person from my group to work with the 
company.  A lot of these times these fail because we get a lack of 
information/understanding from the academic side. 

DBauer: In response to DBoyd, if those benefits are indirect they still have 
to be articulated.  In the world in which at least I work, that would be an 
argument for funding to stop.  Because we are not the NSF, we are a mission 
agency and we need to be able to make an argument for connectivity to our 
specific requirements. 

??: It’s different from our requirements. 

Samit Basu 

SB: I’m the chief engineer at what is now called Morpho Detection.  Let’s 
show some initial experiences with iterative reconstruction for security 
systems.  My experience is primarily medical.   

(Conclusions slide) 

SB: What performance in next year, Homer? 

HP: 100 slices per second. 

SB: That’s pretty impressive, comparable with what we are delivering right 
now in our state of the art. 

MBS: So you think speed is an issue. 

SB: Yes, although I may be biased. 
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MBS: GPU-intensive? 

SB: Not necessarily. 

CC: Why isn’t money an issue? 

SB: I don’t believe that adding 100K of equipment will solve the problem.  I’d 
still need to justify the added expense and show that it will add to 
performance.  Our company is trying to push the state of the art for security 
in image quality and we think iterative will play the role there for detection.  
This is not on a six month timeframe, we still have computational issues. 

MK: I’d be interested to hear about any proposal of yours for a grand 
challenge. 

XP: In ~3 weeks there will be a medical imaging conference with a 
workshop on high performance. 

DB: Can you send information about this? 

XP: Will do. 

SB: (Slides about Morpho Detection) 

(Explosives detection systems) 

So there were a lot of comments earlier about pre-post processing for 
reconstruction.  Essentially, the knowledge here and here doesn’t go away, it 
just gets cast in a different form, just move it to a different point in the 
processing chain. 

(Image quality consideration slides) 

Noise is less important to us than in the medical world, at least for our 
systems.  It’s not a big driver for EDS in terms of bulk objects. 

Almost every medical correction that I know about assumes that you are 
basically a bag of water with some bones thrown in. This does not apply to 
bags and scatter is an area where it really starts to hurt. 

CC:  In my experience it’s the gradients of HD materials that really screw up 
scatter. 

SB: Resolution is required to image thin objects.  I don’t believe you can 
eliminate artifacts just by making the beam harder.  We do have fewer than 
in a medical scanner. 
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MK: How would you quantify that? 

SB: (Technical explanation) Just because something is high density in a bag 
probably means it’s metal, but what metal?  It’s challenging.  People who’ve 
worked on dental CT for heads see similar sorts of issues. 

KT: We do have a similar problem in medical imaging.  Sometimes we use a 
2nd post correction.  These problems are before applying those corrections, 
but you don’t have the luxury of taking so much time for post-correction.  If 
you could you could possibly twist the medical imaging constraints into both 
fields. 

SB: We are working with this to try to do some more sophisticated metal 
artifact reduction.  The 3D ones are very challenging.  Even doing the two 
pass beam hardening corrections are very challenging.  This is a fair amount 
of data, probably 2 gig of floating point data that make up one bag.  While we 
don’t want to talk about practical constraints here, the fact is we have to 
deliver an image like this in a few seconds and that’s a consideration. 

DG: Partial volume imaging is poorly understood.  (technical explanation)   

SB: This is very significant in the security world, metal sheets etc, the major 
constraint. 

CC: So the question is, do you have enough information to simulate this. 

SB: So this is a case of electronics, you’re looking at a scan of a laptop.  It’s 
basically the motherboard with some stuff.  (shows another image quality 
consideration slide)   

(Impact on Statistical reconstruction slide) 

We will probably need to invest much more effort into the physics models 
than we have in the past, more than on medical side.  Prior models less 
significant. 

We do have some iterative reconstructions in house.  (shows sheet object 
near metal slide)  This is with our current product, direct/iterative is almost 
identical.  (Bulk object near metal slide) again, very comparable once it’s 
gone through the reconstruction process. 

(effect on sheet explosions slide)  We showed a significant improvement 
here, but images SSI. 

MBS: Going back to sheet explosions slide, you’re saying direct method gives 
you ~10x of iterative?  Is that ground truth 1st column? 
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SB: No, that’s what the algorithm gave us.  In a couple of cases you had 
significantly more voxels than estimated… (lost part of explanation) 

MBS: And you can’t tell us ground truth? 

SB: No. 

AK: If you applied image-based filtering, maybe the numbers would go up? 

SB: Possibly.  Predictability is important.  We need to know the algorithm is 
essentially unbiased, goes back to accuracy.  Having a biased result is very 
difficult in this case. 

CC: Issue with potential SSI issues in slides. There is no equivalent of IEEE 
security for medical.  These are issues govt is trying to balance, between 
protecting public without letting vulnerabilities getting out and enabling 3rd 
parties. 

DG: Can you explain why it goes from 3 seconds to a few hours?  Is it just 
your computational hardware? Seems like huge gulf. 

SB: Algorithms we use for direct are “fast alg”, very highly optimized.  
Inherent lower alg complexity + optimization gives you 150 FPS you need.  
Iterative tends to be more expensive project/backproj options.  It’s really 
good, fast as a direct method, but not as fast as the algorithms we use for the 
product.  On top of that, problem doesn’t parallelize perfectly, taking several 
passes. 

XP: 3-D iterative reconstruction? 

SB: Yes, fully 3D. 

XP: Size of data set? 

SB: ~2G. 

XP: # of views? 

SB: Between 1 and 2000 views per rotation, between 500-1K pixels per view 
for each image.  We do region of interest, extract air to reconstruct on what’s 
in the bag. 

MK: isn’t this a problem for variability? (????) 

SB: Yes.  It’s a reconstruction vs. inspection time difference.  Reconstruction 
is the same, post-processing different.  We cannot deliver an inspected bag 
within a specific time period.  That’s tolerated today. 
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XF:  What solution have you chosen? (???) 

SB: I believe we need better algorithms, 1-2 orders of magnitude better, 
deployment on things like massively parallel CPUs, highly optimized 
software implementation, in that order. 

Andrew Foland 

AF:  I will be talking about a machine that we are working on at L-3 
currently.  It is a fixed gantry machine that uses iterative reconstruction.  
Conclusions, iterative reconstruction can be made practical for security. It 
can be used in a simpler, rugged fixed-gantry system.  Security settings can 
be on a tarmac, constantly misted by jet fuel and moisture.  You can count 
our X-ray source position on your fingers.  There are many other 
considerations than image quality.  “Reduction to practice” is an intellectual 
achievement.  A great deal of the work creating this machine has revolved 
around this. 

CC: Why do you have a limited amount of money? 

AF:  We have funded it out of our budget.  This machine doesn’t exist 
without collaboration with third parties.  We have got results and returns. 

DB:  Have you had to compartmentalize your work?  How you pose 
problems to universities?  If so can you speak to this? 

AF:  Yes, I can.   

RS:  ????? 

AF:  To get someone to work on the reconstruction we have to reveal some 
of our IP. There are those issues to deal with. 

HM:  So you don’t let them publish? 

AF:  No, it goes into the machine. 

DB:  DHS is very concerned not just about security, but also IP and 
protecting it. 

AF:  “Do I have to kill you?” (slide title) The IP in the development was used 
building a prototype for TSA under this award.  One thing I want to touch on 
is we see everything in luggage.  You can’t believe some of the stuff we see in 
them.  We see a very wide range of configurations but there are a very 
narrow range that drives the creation of the machine.   

CC:  Yours isn’t an explosives detector but a density detector. 
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AF:  You asked why we don’t have more money.  There is the initial outlay, 
false alarms, maintenance, bag throughput all these add up to the cost per 
bag.  We don’t get paid for false alarms but we get paid on the other factors.  
The conceit of the machine is let put together a simple, not aoff the shelf, 
machine that isn’t complex.   

DB:  Do you think total ownership cost, which is one of the values TSA will 
use in assessing what they use, will drive your creation of the machine. 

AF:  It is one of them. 

CC: So the machine in the upper right is the type of the machine deployed in 
50% of the cost.  If this costs the govt. ½ billion dollars/year why aren’t you 
trying to sell the govt. an upgrade to address this problem? 

GZ:  (????????)  This is why we changed the rules.  We are now going to favor 
machines which reduces the false detection rate. 

AF: There are a whole of set of technical issues that go with addressing this 
problem I won’t go into here in a public forum.  Practical considerations 
really drive this machine.  If your machine doesn’t fit into the physical 
dimensions of the airport system they are not going to redesign the airport.  
The machine has numerous pending and granted patents.  The innovation in 
this machine includes the use of ART to reconstruct 3-D volume.  There is no 
“privileging of 2-D slices.  It is a fixed gantry X-ray machine.  This gives us a 
lot of geometrical freedom.  Geometry - we do a volumetric reconstruction 
from multiple views of the bag.  There is time multiplexed detector source 
operation.  A lot of work goes into the design.  There are a lot of physics 
corrections that go into the design.  There are a number of challenges to get 
a machine like this functioning; we touched on the low noise and dynamic 
range issues.  Especially compared to medical scanners.  

RM:  What happens when the machine breaks? 

AF:  There are ways of dealing with this.  There is a lot of software to deal 
with this.  About the design process, there is nothing too mystical here.  We 
got real data, use simulated projection.  In the course of design this allows 
you to look at different machine geometries and …..  We built a prototype 
and in simulation we demonstrated in the simulation that by going through 
this process we can hit the diction and false alarms goals.  We get spatial 
resolution better than the currently used examiner and density resolution  
as well.  I think you can clearly see here the pot and someone could hide 
something inside the pot.  
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MK:  You won’t need it because…. 

AF:  I just want to say one thing; the decision to create one of these machines 
involves many millions dollars so vendors have to develop these  things.  
When is input from third party most helpful?  If the project is a 24 hour day, 
it is most helpful between midnight-3pm and then at 4pm-6pm and one 
more window at 11:55pm.  I think this is useful for people to understand the 
design process.  You can have the best algorithm in the world but at some 
points in the design process we can’t use it.  It should be certified in less than 
3 years.   

Alex K.:  What consideration do you take in figuring out if this machine can 
be fooled? 

AF:  It is the number one consideration I would say and this is all I can say.  I 
think the key ideas are sound but there are things I would change now if I 
could.   

CC:  These vendors have to pass a test in Atlantic City so all of them focus on 
passing this test. 

AF:  It is a hard test.   

GZ:  The issue on the table now is false alarms but the system we have now 
is pretty darn good.   

ML:  You wouldn’t say how high it is to pass. 

GZ:  No you want to let industry figure out how high they need to go. 

ML:  I have to ask you to clarify that there are you have less than 10 sources 
of projections. 

AF:  That is not entirely true.   

ML:  You are obtaining better volumetric resolution than a certified 
examiner. 

AF:  Yes.  I haven’t told you everything we do.  There is some magic I’ve held 
back.   

Panel Discussion 

Mike Litchfield, Samit Basu, Andrew Foland, Ravi Subramanian, Tom 
Gamble, Kristofer Roe, Dan Oberg 
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ML:  I think it is incredibly beneficial that I’ve benefited from this workshop 
in two days.  Reveal has reached out to academics and it has always 
impacted our plans.  As a result of this meeting I have  a list of items I want 
to go back and contact people.   

CC: What are the issues?  Both positive and negative? 

ML:  There has been concern about publishing and those may be issues but I 
think the concern is larger than the actual problem.  Especially in terms of 
reconstruction but I might just be naïve.  Whether we’ll be able to 
collaborate it remains to be seen.  I think that getting a PhD who needs 3 
years this could be a problem. 

AF:  I have a lot of the same reaction to this.  It has been incredibly useful 
these meetings.  We need to make sure of what we can and can’t do.  We 
can’t necessarily support this pool of people who work on these problems 
but it is important to have this pool so we can access it.  I mentioned in my 
talk that there are times in a products development where we will need to 
access peoples’ help. 

MBS:  What if  in the COE ALERT if we had a pool of graduate students, say 
30-50, that could be placed in companies that would eventually the students 
would be supported by the companies with the understanding the students 
will be supported by the companies and funded by them?  Is this something 
the vendors would be interested in? 

SB:  Generally speaking yes.  It can be done but it is a process that could take 
years.  It does make sense to start talking about sponsoring interns maybe in 
the summer.  They could come out to California and work.  We could slowly 
train them in the field while they are getting a proper education.  This would 
probably be the only option as there doesn’t seem to be a lot of graduates 
with the correct skill set.   

AF:  It’s important to maintain a pool of senior type people. 

MBS:  An ecosystem. 

TG:  There is still a lot of concern about IP.  You are going to want to make 
sure people sign a NDA when working on a machine.  We have hired 
academics before and when asked about publishing we’ve said no.  This 
workshop has been incredibly useful.  The utility of using characteristics of 
what you are reconstructing, as Charles Bouman has said, is very useful.  In 
medical scanning there is a huge amount of room for optimizing parameters.   
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DB: I want to ask a question about the effectiveness of NDAs.  Is it possible 
to abstract from the detailed work you are involved with, can a graduate 
student extract from this work, high quality publishable material, while 
maintaining the privacy.   

TG:  If I was wearing the hat of the corporation I would say no.  I want to 
read the nitty gritty. 

DB:  Do NDAs work?  Are there still anxieties by vendors even after NDAs 
are crafted? 

TG:  Yes though I don’t know of any NDAs broken after them.  I don’t think 
there is any problem with the legal intent of them. 

DB:  The last question is about patents.  The time between filing the patent 
and the couple of the years it takes to issue it, is there anxiety during this 
period? 

KR:  We don’t like to have anything released until it granted.  90% of the 
solution is what is the problem to be solved.  A clever person can come up 
with another solution once you’ve defined the problem. 

SB:  My experience is that there are a lot of papers published even when IP is 
involved.  GE is incredibly concerned about this and papers are still 
published.  It is a solvable problem.   

CB:  You need a legal agreement for the company to be protected.  From the 
academic point of view you always need to be constantly communicating 
with the company so you make sure you are within not just the letter of the 
law but the spirit of it.  I find academics to be very aware/concerned about 
this.  Generally I find all the organizations I’ve worked with to be concerned 
about this.  I don’t find it to be  particularly onerous.   

CC: In medical imaging most of the vendors have cross-licensed each others  
product.  At the highest levels among the major manufacturers.   

PTB:  I understand how industry can be paranoid about their IP but they 
can’t  be more paranoid than LLNL is about their classified material.  They 
have been publishing for years.  What makes this problem unique that it 
can’t be solved? 

AK:  (??????????????) 

KR:  One way we’ve gone about it is to identify undergraduates and have 
them work on basic task and less complex problems.  We then can cherry-
pick the students.  This kind of works into what you are saying and 
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management can feel they have more trust as they are involved in the 
process.  One thing that causes angst is when I can’t hire a student who has 
worked for our product and a competitor hires them.   

TG:  That’s where hiring graduate students work well.  There is a large pool 
of students that doesn’t necessarily have to be supported.   

MBS:  One problem is the quantity of U.S. graduate students is winnowing.  
They go into finance or other fields.   

KR:  Maybe the government could support students who work for several 
different companies.  

DB:  Economic competition for students.  Can we compete with the market 
for beginning associate patent attorneys from the major schools, which is 
$160k, plus $30k signing bonus. 

AF:  No, we can’t match this.  We should let those people who are motivated 
by money pursue that and go after the rest. 

SB:  In the absence of government facilitation in this activity, industry has to 
fund this.  As a result of this meeting I am meeting with my bosses to try and 
get this going.  It is a much harder process and the spending has to be 
justified every year.  The results would work for both industry and academia 
but we just have to go do it. 

ML:  I don’t think the problem will come about from anxiety about 
publishing or data security.  I think it has to do with culture.  The medical 
community has been doing this for years and we need to do it. 

CC:  When I used to manage people and someone would come with an idea 
that could potentially revolutionize fields, this can make companies money.  
How do you want to seed this? 

ML:  I’m not sure where your uncertainty is. 

CC:  You are saying you’ll compartmentalize the problem, now go and solve 
it. 

KR:  I am happy to talk with anyone.  I promise I will take your ideas to bring 
them back and change our culture.  If you have ideas come talk to us.  We can 
find things for you to work on that aren’t too dangerous.  We will meet you 
halfway.   
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MBS:  An industry/academia alliance is one gambit I want you to give your 
opinions about.  Each company puts in seed money then vote and fund the 
best ideas.   

KR:  I think it’s a good idea but what I might think is a good idea is different 
than another company might.   

ML:  The industry is a lot smaller; it’s a different culture.  It is a much 
younger culture.   

KR:  The economy is down and things are tight.  I might want to not fund it 
and hold on to an employee or two more. 

DB:  Could cross-licensing agreements work on security IP or is there 
something fundamentally different? 

SB:  Many of the medical scanners that are sold have fundamentally the 
same thing. In the scanning industry our products are heterogeneous.  They 
are very different. 

ML:  The customers are very different.  We have one customer domestically.   

SW: You don’t sell overseas? 

ML:  Even overseas it’s to regulatory agencies so maybe there are eight 
customers. 

PTB:  If the government would provide matching funds to match industry 
funding.  We do this with the Office of Science.  Are there ways we can 
leverage products with matching funds to stimulate this? 

DB:  Some of the earliest funding I did was matching funds.  It worked well 
at the beginning but then they stopped doing this in the security area.   

ELM:  STTR/SBIR and MURIs are similar mechanism which provides stable 
funding at a fairly high level.   

JB:  One thing that is fairly obvious to me is I have attended all the ADSA 
meetings and this discussion would not have been held at ADSA1 or 2.  
There is a level of trust present now that wasn’t present earlier and it shows 
the ADSA platform is working.  It is obvious that what the national labs need 
and the vendors need are somewhat complimentary.  The discussion to 
increase this dialogue is already taking place informally; maybe it can be 
made more formal.  This workshop has created trust and we might be able 
to take the next step in develping this relationship. 
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CC: How to revolutionize the field?  What do we do to make this happen?  It 
happened in the CT area. 

SB:  That might be a dangerous comparison to make.  You can’t build your 
strategy around a groundbreaking discovery.  It could happen but we 
probably will make it happen based on smaller improvements.  

TG:  The thing we are trying to do is automatic explosives detection.  There 
doesn’t necessarily have to be an image.  If you can do this without one it can 
put us all out of business.   

KR:  The more the government goes down the road of quantifying overhead 
costs the better it will be for us.  Do  I point at the absolute cheapest cost or 
at what the future is?  Government procurement practices have been unclear 
to say the least.   

HM: You seem very skeptical. 

CC:  I thank the panel and I apologize if I pushed to hard on you.  As of right 
now, the only data we have is from Doug Boyd of Telesecurity Sciences.  
We’re working through some issues but hopefully in the next few months we 
will be able to distribute this data.  Seemeen Karimi also built suitcases (?) 
and hopefully this will lead to putting simulation tools in the public domain. 

Harry Martz 

CC: Feedback what you’ve heard, message back to DHS. 

HM: Now’s a good tine to fill out your questionnaire.  I’ll put up what Carl 
and I think we’ve heard through this conference and see if you guys agree, 
and then discuss next steps. 

I wasn’t clear what the question actually was. (shows slide: Review 
Response to Questions) 

MK: I think we heard a lot about the design of the machines.  Aside from 
Andrew, they look a lot like clinical CT scanners. 

HM: The CT systems are optimized to be about the same except for these 
new machines going through certification. 

???: It will be another year or two. 

(continues with slide) 

CC: Note that National Labs have additional role of supporting DHS, TSA.   
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HM: Action item: How do we get data into hands of people here. Need to 
know problem to solve it. 

(continues with slide) 

I think the other third party role is very similar to incumbent vendor. 

TSz: We need to know how machines work.  Mainly motivated by enabling 
new apps on existing hardware or streamlining current apps.  Need 
parameters. 

HM: The way to get parameters to you would be an NDA. 

CC: Tim, how did the strong relationship get established with a vendor? 

TSz: I’m in my 3rd year, that was before my time.  If companies here were 
worried about displaying their IP type information, we have a relationship 
with GE but we don’t know a lot of what they do. 

HM: But do you have all the data you need to do your job? 

TSz: We hope so. 

HP: We bought $50M worth of equipment from Siemens.  When we buy 
equip, we try to peg it to research agreement frequently.  We can pick from 
~4 vendors with similar performances, vendor being willing to sponsor 
research often tips scales.  That’s how our imaging sponsored research 
programs have evolved. 

ML: The question, how did the relationship begin? Well, after this 
conference I’ll contact 5-6 people who sparked our interest, give them an 
NDA, etc, it begins here. 

XP:  How do you define optimization and accomplishments? 

ML: Whoever we choose to talk with, as long as we sign the NDA I’m sure 
we’ll be giving them very detailed information. 

HM: So do you have a problem signing those NDAs? Academia, etc. 

DG: These paradigms are very different.  Medical grows from free-market 
economies.  But this is a single-customer, closed-loop system.  If vendor 
gives money it comes from govt.  I keep thinking we’re trying to force 
models here that don’t hold water.  The idea that these vendors should be 
carrying the research load here when the govt funds them and buys from 
them… it seems to me that the govt should be putting up the money for 
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research like they did for ALERT.  When I see us bottom-feeding for money, 
it’s embarrassing. 

DC: I don’t think we’re talking about funding research so much as the 
maturation of research.  As we’ve heard there are a bunch of ideas floating 
around that may be useful, but it’s speculative.   

DG: 9/12, there’ll be a lot of money that you need and a lot of finger-
pointing. 

DC: So the question is, what’s the next step to evaluate it in a place where 
you can tell if it has real applied potential?  That gap is one that we’re 
struggling with a little bit.  That’s the open question. 

DG: I think that’s a red herring, the NDA, because the company can afford to 
hire whoever they want.  Why not hire someone who’s completed their 
study rather than a grad student? 

XF: I came to find the problems to solve.  Your problems, not mine.  That’s 
what I’m looking for, unless we know the problem we can’t solve anything. 

HM: Have you heard what the problem is to be solved? 

Multiple: No. 

ZY: Based on the vendor panel, I don’t think we’ll learn the problem from the 
vendors directly.  I think it has to be from the government.  The machines 
should be in this room.  Where’s the accompanying research money to study 
these machines? 

PTB: Are you talking about reverse engineering? 

ZY: So vendors agreement to sponsor some type of research, could be built 
into govt purchasing. 

CC: You mentioned 9/12, David G. Remember, DHS has been doing this for 
10 years only… they’re learning it as they mature. 

DG: All I’ve heard is that the PFA is too high.  Discussion of other techs, but 
nothing too concrete.  This is sort of this amorphous, got to get the PFA 
down, PD is okay.  That’s too nebulous. 

CC: You don’t have a security clearance but you did some work in this field.  
I’ll tell you I read it and you came very close, you didn’t know the problem 
but you solved some of the problems.  You didn’t know what problems you 
were solving and your report started to solve it.  You advanced it and 
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identified some issues.  It’s very difficult to say it’s this 
threat/math/location, and that info will not be turned over without 
clearance. 

DG: This isn’t about me, this is about others like me starting from a sub-
optimum starting point.  If you help people get security clearances, I think it 
could be done. 

HM: One option is to go classified.  It doesn’t mean you can’t get a clearance 
and be briefed on what the problem is. 

ES: I guess it just depends on the type of problem to me.  It seems like such a 
new field that you can do a lot with simulation.   We know enough about the 
problem to know roughly what you’re trying to, but then you have the more 
detailed problem where you’ve got a scanner, trying to get it to work. 

CC:  We have some many-view, some few-view scanners.  All the scanners 
have a problem with metal.  People saying artifacts can be reduced.  You can 
go off and simulate that.  What more do you need from a technical point of 
view? 

ES:  Things came out bit by bit, like that you need to cover the whole bag 
from wall to wall on the conveyer belt, that kind of information is very 
useful.  What Andy said was really good, about splitting up into different 
parts of the day. 

FN: I feel that general algorithms would yield suboptimal results for each 
vendor.  The specific is important.  Also, do we really have enough data?  If 
we do that type of research and you don’t give us the information about the 
mats we are aiming for, unclear it’s useful at all.  Is this exciting for academia 
or the company, I don’t think so. 

JB: Almost identical discussion in ADSA01, ADSA02, formula was laid out for 
providing answers to the questions I’m hearing: a body of data with 
sufficient geometry to allow us to do reconstruction from the bottom up.  
This is happening, just taking a lot longer than we want it to.  Once that’s in 
hand, I think another infusion of resources of funding will be forthcoming 
from govt to apply community’s understanding of data.   

DG: Where is the intensity and zeal in the problem? We may not have a year. 
It’s hard for me to see the time factor, which translates to money, I just don’t 
see the urgency to get things done. 
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DC: The way to communicate issues is examples. So we need to identify 
relevant examples. The data we’re collecting is for 1 machine/configuration. 
Great if it’s your machine, not for new ideas.  We need to increase BREADTH 
of representative data for configurations; need to show array of streaking 
artifacts for metal, for example. 

HM:  Working on vendor data can be SSI/Secret, bottom line.  (Next Step 
Issues to be Resolved slides).  Some pieces of info unclassified on their own 
can become classified in combination.  It’s called mosaicing.   

TW: SSI is not classified, it’s not a barrier except that you have to know the 
rules. 

CC: It’s a much different problem than medical imaging, it involves real 
issues of national security.  Put the real problems out there, real problems 
lead to vulnerabilities.  This is a balancing act. 

HM: There are ways to publish and to deal with this.  If you want the bottom 
line, get a clearance and you will be informed what hat problem is. 

CC: The other way is to run the numbers on photon starvation, etc.  You 
don’t need to know that that corresponds to a certain configuration 
explosive to solve problem. 

FN: But I need to know the geometry to solve it.   

CC: We can let you know how many photons are coming in, etc. 

HM: You can do a general or generic. 

CC: Action item: Put the rough numbers out there. Vendors, is that 
something you would disclose? 

TG: Depends on the vendor.  Personally, if academia is interested in a 
particular problem that is also the vendor’s particular problem, the only 
thing that’s going to work is if they match up.  This conference has been good 
for this, for networking.  That’s the end product here. 

HM: (Continues showing Next Steps slides)  Would it be useful to show H&E 
CT images; to develop a process to allow that to happen, with an NDA or 
otherwise? 

(Response to Questions continued slide) 

??: Homogeneity is missing on the list. 
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MK: Do you think the L3 system would be accepted according to this 
criteria?  What’s happening is when you have this data… (technical 
explanation).  Causing non-threats to alarm. 

BY: From an academician point of view, I’m not so interested in solving 
particular short-term problems.  I’m mostly interested in medium- to long-
term problems.  I need to understand the problem space.  I need to have 
some idea as to what the desirable attributes of this explosive detection 
system are going to be, and what does TSA/security really care about?  I 
need to be able to identify some technical challenges that I can focus on. 

PTB: Is there any way that the vendors and DHS could give us the specs for, 
not next gen, but next-next gen, problems after that which we’ll need to 
solve in a very general way? 

CC: Not from an imaging point of view but from a threat detection point of 
view, yes. 

Doug Bauer 

DB: Underscore appreciation on behalf of DHS for your taking the time to be 
here and making this enterprise more inclusive.  Also: We at DHS have 
problem of proceeding and persuasion.  You’ve discussed your needs.  We 
need to be able to make the case for research.  Our world is one in which 
translation to immediate customer use is the problem of the day.  We need 
to extract from the work that’s been going on what the opportunity cost is 
associated with not proceeding with research.  What will we be losing in 
terms of capabilities if we don’t proceed in these avenues?  Next burden of 
transportation, need to convince TSA, our customer, that particular insights 
should be requirement in next acquisition.  I hope you can answer Harry 
Martz’s questions that were the first presented, regarding opportunity cost 
for iterative reconstruction.  Some insight, even anecdotally, from the 
problem it’s had in medicine. 

MBS: I want to echo Doug’s sentiments.  Thank you, everyone.  I think we’ve 
seen a tremendous evolution in terms of the trust that we’re establishing as 
we become a community.  We’re going to continue this ~6 month meeting, 
dialogue, to bring people together and discussing, we’re going to continue to 
focus on that.  In terms of real-world impact, I want to ask: In addition to 
sending out your questionnaires, send me vignettes, examples, of 
collaboration, from acad/natl lab/vendor side etc.  Just so we begin to build 
up knowledge of 3rd party connections being made across the community.  
Knowing about successes will be a great help.   
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CC: I apologize if I offended anyone by cutting them off.  Thank you for 
participating, everyone.  To emphasize, the questionnaires are very 
important to us.  We desperately want them.  Your feedback is important 
and they do show up in the final report.  We do remove all the names.  Any 
other feedback about process, talk to Michael or me.  ADSA05 in six months, 
thanks for coming. 
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16. Presentations 

This section contains the slides presented by speakers at the ADSA04 
workshop.  The slides appear in the order that talks were given as shown on 
the ADSA04 agenda.  Some of the presentation slides have been redacted to 
ensure their suitability for public distribution. 
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16.1 Carl Crawford: Call to Order
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16.2 Carl Crawford: Introduction and Workshop Objectives
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16.3 Charles Bouman: Reconstruction Review
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16.4 Frederic Noo: Advances in CT medical imaging reconstruction
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