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1. Executive Summary
The sixteen federal intelligence agencies and the Director of National Intelligence have documented their need for a sustainable flow of educated and trained Intelligence Analysts capable of responding to the ever-changing threat environment mounted by global terrorist organizations. Furthermore, they have realized the increasing need for expertise in geospatial intelligence, as geospatial analysis is essential for a variety of intelligence activities. In response to this realization, the US Geospatial Intelligence Foundation (USGIF) has been working with these agencies to develop guidelines and curriculum content criteria to accredit programs for geospatial intelligence analysts. The Mason Geospatial Intelligence graduate certificate (GIGC) program proposed in this document will address this emerging situation, covering a need in practice and academia. 

The proposed GIGC comprises core and elective courses that will expand our students’ primary knowledge base, will offer advanced training in specialized intelligence areas and will certify that graduates will perform in simulated problem environments successfully as individuals and in coordinated teams. Our program’s coursework includes courses in remote sensing, geospatial intelligence, GIS and applications, and information technology. Through them, students will acquire analytical skills, creative thinking, and the ability to select, use, synthesize, and demonstrate the techniques, skills, and tools necessary to solve geospatial intelligence problems. Completion of the certificate will enhance the careers of those students already in the intelligence field and can also serve as an intermediate step towards a Master’s Degree in a related field within COS. 

2. Description of Proposed Graduate Certificate

2.1 Mission and Objectives

This is a graduate certificate program for students employed in geospatial intelligence applications (i.e. federal agency and/or corporate/association personnel), or persons interested in getting into this field. The objective is to offer these students fundamental knowledge on basic geospatial intelligence issues and the ability to apply this knowledge to a diversity of ever changing threat environments. More specifically, a graduate of this program is expected to have
:

(a) An ability to apply knowledge of earth image processing/remote sensing, geographic information technology, computer science, and analytic processes 

(b) An ability to find and interpret data and to conduct analysis that results in recommended actions

(c) An ability to function effectively in a collaborative environment 

(d) An awareness of professional and ethical responsibilities 

(e) An ability to communicate effectively  

(f) Knowledge of how human actions affect geospatial intelligence analysis  

(g) An ability to select, use, synthesize, and demonstrate the techniques, skills, and tools necessary to solve geospatial intelligence problems. 

2.2 Administrative Structure

The Geospatial Graduate certificate will be administered by College of Science (COS). The collaboration, cooperation and support from several COS departments and other Mason organizations has been actively sought and received either verbally or in writing. The Academic Director for this certificate will be Dr. Anthony Stefanidis, appointed by the Dean of COS. His duties include to supervise the admission of students into the program, monitor student progress, advise students, coordinate course offerings and assure compliance with Graduate Program and USGIF requirements in order to obtain and maintain accreditation by the US Geospatial Intelligence Foundation (USGIF). 

An advisory board will be formed by members of the participating Mason units, comprising one representative each from Geography, ESGS, COS, and Volgenau, and a representative from one of the stakeholder organizations (e.g. from the National Geospatial-Intelligence Agency). All members of the advisory board will be appointed by the Dean of the College of Science. The Geography and ESGS representatives of this board will participate in the student admission process, making recommendations to the academic director, who has the final decision on this matter. The Advisory Board provides constructive comments and recommendations on education and research issues, Intelligence Community education and research needs, future directions for the program, near term priorities, and guest speakers and capstone course assessors from the several agencies, and supports relevant interdepartmental coordination issues (e.g. regarding course offerings).

2.3 Admission Requirements

Applicants to this graduate certificate program should hold a B.A. or B.S. degree in a discipline related to the certificate’s theme from an accredited university, with a minimum GPA of 3.000. Applications will be processed by COS. Applicants must submit a completed GMU graduate application, along with official transcripts, resume, VA domicile classification form, and TOEFL scores if they are foreign nationals. GRE scores and letters of recommendation are not required, but will considerably strengthen an application, if available. Applicants should have undergraduate backgrounds that include courses in differential and integral calculus, and they should possess working knowledge of a computer programming language. Depending on the background of the individual student, the Coordinator may recommend remedial or preparatory courses tailored to student’s needs. Students may not pursue this certificate concurrent with any other graduate degree programs or certificates offered by COS (because this certificate will charge students a differential tuition rate). However, students enrolled in academic programs outside COS may enroll in this certificate program concurrently. Students may transfer no more than 3 credit hours into the certificate program with the approval of the academic director.

2.4 Curriculum Requirements

The Geospatial Intelligence (GI) certificate requires a total of 18 credit hours, or 6 courses. These comprise 4 mandatory core courses and two courses to be selected from a list of electives (and approved by the program coordinator). The mandatory core courses reflect the three key science concentration areas (CA) of this program, namely geospatial image analysis, spatial analysis, and information technology, as reflected in the following list. 

Students with exceptional background and demonstrated knowledge of material may request substitution of up to two mandatory courses with the approval of the Academic Director. Mandatory courses may only be substituted by an elective course from the same concentration area. The Capstone course cannot be substituted by another course. Final course selection requires the approval of the Academic Director.
Mandatory core courses: 

· EOS 758 Earth Image Processing (CA: Image analysis)

· GEOG 553 Geographic Information Systems  (CA: Spatial analysis)

· INFS 590 Program Design and Data Structures (CA: Information technology)
· EOS 685 Capstone Course in Geoinformatics

The elective courses are grouped in the above-mentioned three concentration areas, and are listed below. For students with exceptional circumstances (i.e. working on a specific project), other, additional elective courses may be considered, if approved by the academic director, in areas of advanced knowledge, i.e. advanced courses already offered in existing course sequences. A student is expected to select one elective course from two of these areas (i.e. the two elective courses should be from two different CAs). 

List of elective courses – CA: Image Analysis

· EOS 740 Hyperspectral Image Systems

· EOS 747 Satellite Data Reception and Product Generation

· EOS 760 Remote Sensing Applications

· EOS 840 Hyperspectral Image Applications

· GEOG 579 Remote Sensing

· GEOG 580 Digital Remote Sensing

List of elective courses – CA: Spatial Analysis

· GEOG 550 Geospatial Science Fundamentals

· GEOG 551 Thematic Cartography

· GEOG 563 Advanced Geographic Information Systems

· GEOG 585 Quantitative Methods

· GEOG 631 Spatial Agent-Based Models of Human-Environment Interaction

· GEOG 653 Geographic Information Analysis
· GEOG 664 Spatial Data Structures

· EOS 754 Earth Science Data and Advanced Data Analysis

· EOS 771 Algorithms and Modeling in GIS

· EOS 772 Distributed Geographic Information Systems

· EOS 791 Advanced Spatial Statistics

List of elective courses – CA: Information technology

· CS 580 Introduction to Artificial Intelligence

· CS 583 Analysis of Algorithms 
· INFS 614 Database Management 
· INFS 623 Classical and Web Information Retrieval
· INFS 755 Introduction to Data Mining

· INFS 785 Database Management for Homeland Security
· INFS 795 Special Topics in Data Mining Applications
· CS 750 / IT 750 Theory and Applications of Data Mining
· CS 686 Image Processing and Applications
· CS 775 / IT 844 Advanced Pattern recognition
An average grade of B or better is required for certificate award.


Student Counseling:

The Academic Director and other faculty and staff personnel will be available periodically, at mutually agreed upon times, to offer students guidance in selecting courses, Intelligence areas to emphasize, and guidance on deriving maximum benefits from the Certificate program.

2.5 Relationship to Other GMU Programs
At GMU, several degree programs provide some formal training and course work related to remote sensing, image processing, and GIS currently, but no certificate program is designed specifically to meet the mission and objectives of the proposed certificate. 

Currently, Mason offers two certificate programs that are relevant to ours, namely the Graduate Certificate in Remote Sensing and Earth Image Processing (GC RSEIP), offered by the Earth Systems and GeoInformation Sciences (ESGS) Department, and the Graduate Certificate in GIS (GC GIS), offered by the Geography Department. The program proposed in this document differs from these existing programs, as it integrates three key science areas, namely geospatial image analysis, geographic information systems, and information technology, as reflected in the proposed course list. Thus, it establishes an introductory level certificate in Geospatial Intelligence. This enhances the two existing certificates (GC RSEIP and GS GIS), as they become specialist certificates. Thus, graduates of our certificate program may wish to continue for one of these two existing certificates to acquire a specialization in geospatial intelligence (image analyst, or spatial analyst), or they may take courses that are part of these certificates to complete a MS degree in related fields within COS (e.g. the MS degrees offered by the ESGS or Geography Departments). In this manner, the proposed certificate is expected to strengthen the other 2 already existing certificates, providing them with an additional pool of potential students. This is visualized in Fig. 1. 


[image: image1.wmf]
Fig. 1: Relationship of proposed certificate to other complementary programs at Mason

Students wishing to pursue an even higher degree could continue for the PhD degree in a related field within COS (e.g. a Ph.D. in ESGS). These two degrees (MS and PhD) should be viewed as complementary instead of competition for the proposed certificate, as they require significant commitment from the students in terms of resources and time, and both include certain aspects of Earth sciences in addition to remote sensing

In terms of the intelligence community (IC) at large, the primary IC providers at Mason are College of Science and the Volgenau School of Information Technology and Engineering. However, there is a broad involvement by many Mason organizations in support of the intelligence world. The certificate program has reached out to organizations within COS and IT&E to create an initial integrated program for our students. As the program expands into related concentrations, other support, i.e. applicable core or elective courses, will be offered from experts in those areas.
3. Justification for Proposed Graduate Certificate

3.1 Student Demand

Since the 9/11 terrorist attack and the recognition of disconnects among the various Intelligence Agencies
, the demand for Intelligence Analysts has increased dramatically. The people already employed and those seeking employment in the Agencies have sought advanced education and training in a variety of agency, academic and commercial providers. 

This need for more formal education is even more emphasized in geospatial intelligence, mainly due to two factors:

· Intelligence analysts with diverse backgrounds often find themselves involved in geospatial applications, and thus we are faced with an expanding geospatial analyst workforce.

· Geospatial technology is evolving rapidly (e.g. through the development of novel sensors and sensor deployment capabilities), and thus certificate programs like the one proposed here are very appealing to analysts in this field who want to update their knowledge.  

In addition to these trends, which are endemic to the topic addressed by our certificate, we are also facing some specific opportunities that are becoming available in Northern Virginia specifically. For example, the National Geospatial Intelligence Agency [NGA] is set to transfer 8,500 people to Fort Belvoir, Virginia, by September 15, 2011. As a result of this move, a total of 22,500 new people will be transferred to the Fort around that same time period. Within this large community we expect to have a very large pool of potential students for our certificate program. 

Employees capable of performing in this thrust and parry threat environment are financially well rewarded. For a quick reference to the relevant job market please check out: 

http://jobsearch.usajobs.opm.gov/jobsearch.asp?q=Intelligence+Analysts&salmin=&salmax=&paygrademin=&paygrademax=&FedEmp=N&tm=&sort=dt&vw=b&brd=3876&ss=0&FedPub=Y&SUBMIT1.x=63&SUBMIT1.y=17&SUBMIT1=Search+for+Jobs

Since Mason can provide the programs that can keep current and future employees ahead of our enemies' threat producing skills, the needs exist today and will exist for many years.

3.2 Employer Demand for Graduates

Graduates of our program are expected to be prime candidates for positions with intelligence agencies (e.g. NGA, CIA) and various corporations working on intelligence applications (e.g. Northrop Grumman, SAIC, BAE). The federal Office of Personnel Management uses http://jobsearch.usajobs.opm.gov to list open requisitions for Intelligence Analyst positions. On March 5, 2007, a search of their web site identified 40 pages of openings for Intelligence Analysts in pay scales to over $154,000 per year. [See listing in attached references for the last seven days.]  

To emphasize this need for highly qualified geospatial intelligence analysts, the US Geospatial Intelligence Foundation (www.usgif.org) is setting forth guidelines and suggestions for such programs, all of them met by our proposed program.

3.3 Comparison with Other Programs in the Region and Commonwealth

No other comparable, integrated program, i.e. education, research and networking, has been found in the Mid-Atlantic States. USGIF has been active in developing guidelines for such a program and also stimulating the creation of one. Mason's GCGI is expected to be among the first (if not the first) to be accredited by them.

We found no existing programs in Georgetown, George Washington, Catholic, American, and Marymount Universities similar to the proposed one. In the VT Northern Virginia campus, the Civil and Environmental Engineering Department offers a set of certificates (http://www.nvgc.vt.edu/engineering/CEECertificate1.htm), some of which include remote sensing and GIS courses. But all of them focus on specific civil and structural engineering issues and none of them focus on geospatial intelligence. 

At UMCP, both the Department of Geography and Department of Meteorology have strong remote sensing-related programs. In addition to the M.S. and Ph.D. degrees, the Geography Department (http://www.geog.umd.edu/) also offers a Citation Program in Geographic Information Science, which is an undergraduate certificate program (http://www.geog.umd.edu/academic/undergrad/giscit.html). Similarly, the Department of Meteorology at UMCP offers formal graduate degree programs in meteorology with strong emphasis in remote sensing and Earth observing. The department also offers three citation programs, but all at the undergraduate level (http://www.atmos.umd.edu/education/citation.html). No certificate or citation program is offered at the graduate level.
3.4 Projected Enrollment

The number of employees of US Intelligence Agencies is classified/restricted. However, if we consider that, as mentioned above in Section 3.1, the NGA move to Fort Belvoir will directly affect 8,500 NGA personnel and a total of approx. 22,500 persons in related activities, it is evident that we are addressing a very large community of potential students. This is especially so if we consider that there exists a large array of intelligence agencies under the Director of National Intelligence (www.dni.gov) that have broader interest in geospatial intelligence applications. Thus, sources of students are not projected as a problem.

With the expectation that the certificate will be approved and in place for Summer 2007, we expect that student enrollment will follow a upward trend as the program gains visibility (e.g. by presenting our program and relevant work to relevant agencies). Some projected figures for the number of students enrolling in our certificate program are as follows: 


Fall ‘07
Fall ‘08
Fall ‘09




6
10-12
15-20

In the long run we would like to keep certificate enrollment between 15 and 20. We expect that students enrolling in the certificate will be primarily part time students, and therefore they will try to take advantage of the intensive course-a-week sessions during summer, fall and spring breaks (see section 2.4). Under this scenario, we could have our first pool of students graduating within a year (spring or fall 2008).

3.5 Differential Tuition Rate 

This graduate certificate will charge students at a differential (premium) tuition rate, with an additional $100 per credit hour added to the standard Mason graduate tuition for students who enroll in this certificate program, [regardless of in-state or out-of-state status]. The differential tuition will be used to support continuing improvements in computational, modeling, simulation, and where essential, secure facility requirements, used to support our students. 

4. Resources

4.1 Faculty

The certificate comprises a number of courses involving mainly faculty from COS and to a lesser extent IT&E.  Instructor selection clearly rests with the corresponding departments, but based on current information the list of faculty involved (or projected to be involved) with courses listed in this curriculum includes the following persons:

Core Courses:

COS: Peggy Agouris  (EOS 758); Sergi Andronikov / Nigel Waters (GEOG 553); Anthony Stefanidis (EOS 685)

IT&E: Jeff Offutt (INFS 590) 

Elective Courses: 

COS: 

Phil Yang (EOS 772); Guido Cervone (EOS 747); Wenli Yang (EOS 760); Ruixin Yang (EOS 754); David Wong (EOS 771, 791); Richard Gomez (EOS 740, EOS 840); Charles Allen (GEOG 579); Barry Haack (GEOG 580); Douglas Wheeler (GEOG 550); P. Mobley (GEOG 551); Barry Kronenfeld; Nigel Waters (GEOG 563); Timothy Gulden (GEOG 631); Ed Zolnik (GEOG 585)

IT&E:

Ami Motro (INFS 614; INFS 623); D. Barbara (INFS 785); Harry Wechsler (CS 750/IT 750); Arun Sood (CS 686)

4.2 Equipment and Computing Resources

In terms of general computing, students are expected to have their own laptops. Furthermore, for the initial offering of this program we expect to use the currently existing computing capabilities of COS at Research I. The COS Computing Facility includes a 65-node parallel PC cluster, and an SGI Altix supercomputer with 64 Intel Itanium processors and 128 Gbytes of shared memory. The COS Graduate Computational Laboratory contains a 25-workstation PC cluster with a 5 TB RAID system. 

In addition to COS facilities, CEOSR has its own laboratory for GIS, image processing and data analysis, with state-of-the-art software. In total CEOSR has about 50 servers and desktop computers based on both Linux and Windows operating systems and data storage systems for a total of ~8TB disk space at this moment. In terms of optical sensors our laboratory is equipped with various high resolution still (e.g. various Canon and Minolta cameras) and video digital cameras (e.g. SONY DCR), some with GPS geolocation capabilities, and a network of wireless surveillance video cameras (Trendnet TV-IP200W) with a server used to collect and store their feeds. In addition to these facilities, PIs and graduate students have at their disposal PCs and laptops. 
Regarding software, we have at our disposal state-of-the-art digital image analysis and GIS software packages, including the complete line of ERDAS Imagine package, Matlab, and the PCI EASI/PACE and ENVI packages. GMU has an ESRI site license, and offers a suite of Intergraph GIS and CAD software.  

Regarding remote sensing dedicated equipment, CEOSR also has an HRPT antenna for receiving data from AVHRR and other satellites such as SeaWiFS and the Chinese FengYun series and an Analytical Spectral Devices, Inc. (ASD) field portable, lightweight, 512-channel, photo-diode array spectroradiometer for hyperspectral measurements. 

The CEOSR and ESGS libraries maintain a collection of the most relevant digital image analysis and GIS journals, books and conference proceedings. GMU also maintains site license providing electronic access to the e-libraries of IEEE and ACM and journals in fields relevant to this proposal. 

5. Evaluation Metrics

Our aim is to have a thorough evaluation process in place for the students taking this certificate, the program itself, and faculty offering courses. Our plans are presented in the next subsections.

5.1 Student Evaluations

The knowledge acquired by our students in this program is evaluated at two stages:

· During each course we assess their expertise using lab assignments and, where appropriate, through a course project that requires them to integrate knowledge and skills acquired in that particular course. 

· During EOS 685 (Capstone course in Geoinformatics), students are presented with a capstone project, which transcends the borders of any specific course, requiring the synergetic use of expertise in diverse topics. Accordingly, this capstone course provides an opportunity for students to apply the knowledge they acquired in the certificate coursework, and their analytical skills to address a realistic geospatial intelligence problem. 
5.2 Certificate Assessment

As the aim of this program is to educate geospatial intelligence analysts, we will invite feedback from employers of our graduates to assess the quality of our program, and use this information to take corrective measures as needed (e.g. by adding new courses to the list of elective ones, introducing as needed additional topics in current courses). This feedback will be acquired at two stages:

· During EOS 685 we plan to collaborate with relevant intelligence agencies (IAs) to identify appropriate topics for our students’ capstone exercise. These topics will reflect realistic challenges faced currently by intelligence analysts. When our students present their capstone exercise we will invite personnel from these IAs to assess how our students met their expectations.

· The certificate advisory board will have regular meetings with IAs where our graduates are employed, to assess their longer term performance, and use this information to take corrective measures as needed. 

· Student feedback will be collected through exit interviews (at the time of completion of their studies) and follow-up interviews of our alumni two years after they graduate. This will allow us to collect valuable information on how our program met their expectations and supported their professional development. This information will be used to make adjustments to our program as needed. 

5.3 Faculty Peer Review

Standard Mason policies for faculty assessment will be employed in this certificate program. They include the use of Faculty evaluation forms, and the standard University requirements for teaching faculty. 

6. Accreditation

We will apply to the US Geospatial Intelligence Foundation (USGIF – www.usgif.org) for accreditation of our program. We have already presented our plans for this program to USGIF representatives and their initial response has been extremely supportive. Based on their response we expect that our program will be the first national program to be certified by them. A draft of the accreditation criteria is attached with this proposal.

Appendix I:  Catalog Descriptions of Existing Courses

Core Courses:

EOS 758 Earth Image Processing (3:3:0)Prerequisites: EOS 753 and GEOG 580, plus knowledge of a computer language; or permission of instructor. Intermediate to advanced image analysis course emphasizing on digital image processing techniques and their applications to the earth observing remote sensing data. Topics include radiometric and geometric corrections, image enhancement, transformation, segmentation, and classification. Image acquisition sensors and platforms and commonly used data formats for remote sensing data will also be introduced.

GEOG 553 Geographic Information Systems (3:3:0) Prerequisite: GEOG 550, or course in cartography. Sources of digital geospatial data; and methods of input, storage, display, and processing of spatial data for geographic analysis using GIS. Lectures, hands-on exercises familiarize students with current technology.

INFS 590 Program Design and Data Structures (3:3:0) Prerequisite: undergraduate courses or equivalent knowledge in structured programming in high-level language. Studies fundamentals of data structures and algorithms applied in programming solutions to application problems. Stresses programming in modern high-level language. Laboratory required. Credit cannot be applied to any graduate degree in IT&E.
EOS 685 Capstone Course in Geoinformatics (3:3:0) Prerequisite: 12 credit hours in the Geospatial Intelligence Certificate program or permission of program coordinator. A course for students completing their Geospatial Intelligence Certificate (GIC) program. It is intended to provide a capstone experience by synthesizing the knowledge and experience they acquired in their previous courses to address a complex geospatial intelligence problem. The course requires analytical, collaborative, and communicational skills. 

Electives: Concentration Area: Image Analysis

EOS 740 Hyperspectral Image Systems (3:3:0) Prerequisite: CSI 660 or equivalent, or permission of instructor. Provides requisite materials to understand hyperspectral imaging technology and its many civilian and military applications. Emphasizes scientific principles involved and technology application to real-world imaging systems. Topics include hyperspectral concepts and system tradeoffs; data collection systems; calibration techniques; data processing techniques and software; classification methods; and case studies. Data processing techniques include N-dimensional space, scatterplots, spectral angle mapping, spectral mixture analysis, spectral matching, and mixture tuned matched filtering. Discusses ground, airborne, and spaceborne hyperspectral remote sensing systems.

EOS 760 Advanced Remote Sensing Applications (3:3:0) Prerequisites: EOS 753 or GEOG 580, and GEOG 579. Focuses on applications of remote sensing in various important areas of Earth systems science, including analysis of surface radiation budget, land cover, inland and coastal waterways, and soil moisture. Details algorithms, techniques, and examples.

EOS 840 Hyperspectral Imaging Applications (3:3:0) Prerequisite: CSI 660 or equivalent, or permission of instructor. Introduces advanced hyperspectral imaging and multisensor concepts with emphasis on real-world civilian and military applications. Topics include advanced hyperspectral concepts, multisystem tradeoffs, data collection and processing systems, imaging radar systems, laser systems, calibration techniques, data fusion, quantitative remote sensing techniques, data compression techniques, case studies, and U.S. national policy. Applications and case studies include environmental, homeland security, medical, military, disaster mitigation, agricultural, and transportation
GEOG 579 Remote Sensing (3:3:0) Prerequisite: GEOG 419, or permission of instructor. Examines use of various types and combinations of electromagnetic energy to obtain spatial information. Concentrates on nonphotographic and space-borne remote sensing platforms and sensors. Examines essential operational parameters for existing and future systems and strategies for visual extraction of features.

GEOG 580 Digital Remote Sensing (3:3:0) Prerequisite: GEOG 416 or 579. Examines theory and techniques of using digital remotely sensed data for obtaining geographic information of Earth’s surface, including image-enhancement methods and classification strategies for variety of physical and cultural features.

Electives: Concentration Area: Spatial Analysis

GEOG 550 Geospatial Science Fundamentals (3:3:0) Introduces geospatial sciences, emphasizing concepts and theories of cartography, remote sensing, air photo interpretation, Global Positioning Systems, spatial data structures, and geographic information systems. Lectures accompanied by hands-on exercises. Only available for students without previous course work in cartography.

GEOG 551 Thematic Cartography (3:3:0) Prerequisite: GEOG 310 or 550. Analyzes nature of perceptual organization and visual systems in thematic map communication portrayal, graphic handling, and data analysis.

GEOG 563 Advanced Geographic Information Systems (3:3:0)Prerequisites: GEOG 553 or equivalent. Discusses advanced GIS concepts including spatial data structure, spatial analysis, programming data fusion, Internet components, and spatial database management. Hands-on activities demonstrate concepts and specific applications in both cultural and physical geography.

GEOG 585 Quantitative Methods (3:3:0) Prerequisite: previous course work in statistics, or GEOG 310 or 550. Survey of quantitative methods commonly used in geographic research. Emphasizes spatial analysis techniques.

GEOG 631 Spatial Agent-based Models of Human-Environment Interactions (3:3:0) Prerequisite: GEOG 531 or CSS 600, or permission of instructor. Discusses key challenges in spatial modeling of human-environment interactions. Reviews agent-based modeling applications in urban and rural interactions, agriculture, forestry, and other areas. Hands-on development of simple ABM models and investigation of linkages between GIS and ABM.
GEOG 653 Geographic Information Analysis (3:3:0)Prerequisites: GEOG 553 and 585. Explores existing and potential capabilities of geographic information systems in conducting spatial analysis and modeling.

GEOG 664 Spatial Data Structures (3:3:0) Prerequisite: GEOG 310 or 550. Studies spatial data structures and their application in digital cartography, geographic information systems, and image-processing systems. Examines raster and vector data structures, and attribution schemes and topological models. Includes data transformation, information loss, data quality, and the role of metadata.

EOS 754 Earth Observing/Remote Sensing Data and Data Systems (3:3:0) Prerequisite: EOS 753, or permission of instructor. Covers accessing and applying Earth observations and remote-sensing data for Earth system science research and applications. Major topics are data formats, analysis and visualization tools, advanced data analysis methods, and data applications. Also covers combining innovative information technology techniques and Earth science data to set up online data centers for accessing data through the web.
EOS 771  Algorithms and Modeling in GIS (3:3:0) Prerequisites: prior course or experience in GIS, and knowledge of computer programming language. Examines several fundamental GIS algorithms based upon computational geometry and computer graphics. Also discusses issues in modeling features of different dimensions and surfaces in GIS. Significant programming expected.
EOS 772 Distributed Geographic Information Systems (3:3:0) Prerequisites: introductory course in GIS and some programming experience, or permission of instructor. Examines different aspects of science and technology in the context of distributed GIS. Includes general concepts, architecture, component design and development, and system integration as well as other advanced topics, including interoperability and agent-based GIS.
EOS 791  Advanced Spatial Statistics (3:3:0) Prerequisites: GEOG 585 or STAT 535/554, or permission of instructor. Advanced course focusing on analyzing georeferenced or spatial data represented as points or polygons. Addresses higher moments, point pattern analyses, and interpolations of points to surfaces. Includes spatial regression.
Electives: Concentration Area: Information Technology

CS 580 introduction to Artificial Intelligence (3:3:0)Prerequisites: CS 310 and 330. Principles and methods for knowledge representation, reasoning, learning, problem solving, planning, heuristic search, and natural language processing and their application to building intelligent systems in a variety of domains. LISP, PROLOG, or expert system programming language.
CS 583 Analysis of Algorithms (3:3:0) Prerequisites: CS 310 and 330, and MATH 125. Topics include analyzing sequential and parallel algorithmic strategies such as greedy methods, divide and conquer strategies, dynamic programming, search and traversal techniques, and approximation algorithms; and analyzing specific algorithms falling into these classes, NP-Hard and NP-Complete problems.
INFS 614 Database Management (3:3:0) Prerequisites: INFS 501, 515 and 590, or equivalent. Introduces database systems, emphasizing study of database models and languages and practice of database design and programming. Topics include Entity-Relationship model, relational model and its formal query languages, SQL, theory of relational database design, and object-oriented and logic-based databases. Requires computing lab. No substitutions can be made for this class.

INFS 623 Classical and Web Information Retrieval (3:3:0) Prerequisites: INFS 501, 515, and 590, or equivalent. Study of models and methods for storage and retrieval of unstructured information, such as documents. Topics include information retrieval models, automatic indexing, document clustering, statistical thesauri, search techniques, performance measurement, answer visualization, and search engines for retrieval from the web.

INFS 755 Data Warehousing and Mining (3:3:0) Prerequisite: INFS 614 or equivalent. Covers techniques for designing and maintaining large data warehouses. Topics include OLAP, star schemas, data integration, data cleaning, maintenance of views in presence of updates to sources, and query processing of warehouses. Second part of course focuses on mining data from warehouses. Topics include data mining techniques such as classification, clustering, association rules, mining of time-series and complex data. Emphasizes scalability over large data sets.

INFS 785 Data Mining for Homeland Security (3:3:0) Prerequisite: INFS 755. Covers analytic techniques for investigative analysis. Topics include small world graphs as way to model groups and organizations, relational data mining with emphasis in predictive models, alias discovery techniques, and profiling.

INFS 795 Special Topics in Data Mining Applications (3:3:0) Prerequisite: INFS 755. Focuses on interdisciplinary applications of data mining. Topics selected from following: web and text data mining, e-commerce, bioinformatics, security and intelligence analysis, data mining of economical data. Each topic analyzed in depth; state-of-the-art techniques in application of data mining to field extensively covered.

CS 750 / IT 750 Theory and Applications of Data Mining (3:3:0) Prerequisites: CS 450, CS 580, or permission of instructor. Concepts and techniques in data mining and multidisciplinary applications. Topics include databases; data cleaning and transformation; concept description; association and correlation rules; data classification and predictive modeling; performance analysis and scalability; data mining in advanced database systems, including text, audio, and images; and emerging themes and future challenges. Term project and topical review required.

CS 686 Image Processing and Applications (3:3:0) Prerequisites: CS 583, and either STAT 344 or MATH 351, or equivalent. Concepts and techniques used in image processing. Methods for image capture, transformation, enhancement, restoration, and encoding are discussed. Students complete projects involving naturally occurring images.

CS 775 / IT 844 Advanced Pattern Recognition (3:3:0) Course covers model selection, statistical learning theory, structural risk minimization, support vector machine and regression, semi – supervised learning and transduction, change detection, and mixtures of experts such as AdaBoost. Applications related to link analysis for social networks and forensics, collaborative filtering and recommendation systems, document analysis.
Appendix II: Catalog Descriptions of New Courses

Core Course:

EOS NEW 685 Capstone Course in Geoinformatics (3:3:0). Prerequisites: 12 credit hours in the Geospatial Intelligence Certificate program. This is a course for students completing their Geospatial Intelligence Certificate (GIC) program. It is intended to provide a capstone experience for these students, by synthesizing the knowledge and experience they acquired in their previous courses to address a complex geospatial intelligence problem. The course requires analytical, collaborative, and communicational skills. 

Elective: Concentration Area: Image Analysis

EOS 747 – Satellite Data Reception and Product Generation Description Prerequisite: EOS 753 or introductory remote sensing course; computer programming; or permission of instructor. Provides a practical experience on how to receive, process and distribute remote sensing data using an antenna receiving station.  The course covers basic orbital mechanics, characteristics of satellite sensors and their limitations, algorithms used to generate products from the raw measurements. Data mining techniques are presented for the analysis of large volume of data.

References 

Part 1: USGIF Certificate Curriculum Guidelines

(hardcopy available for review upon request)

References 

Part 2: Office of Personnel Management Job Listing for Geospatial Intelligence Analysts

(hardcopy available for review upon request)

� USGIF: Criteria for Accrediting Geospatial Intelligence Certificate Programs, www.usgif.org


� A new course, introduced in 2007-08, aiming to allow students to integrate knowledge acquired in this program and apply it to appropriate scenarios.


� See e.g. New York Times Magazine, December 3, 2006, "Open-Source Spying" by Clive Thompson.
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