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Expected to have Knowledge in these
 Undergraduate Level Core Courses
 ECEN 3810 Intro to Probability
 ECEN 4242 Communication Theory
 ECEN 4632 Intro to Digital Filtering
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Graduate Level Core Courses in ECEE
 for M.S. and Ph.D.
 Fall
 1. ECEN 5612 Noise and Random Processes
 2. ECEN 5622 Information Theory & Coding
 3. ECEN 5322 Search Engines/High Dimensional Datasets
 Spring
 1. ECEN 5692 Principles of Digital Communications
 2. ECEN 5652 Detection & Extraction of Signals from Noise (every other
 Spring)
 3. ECEN 5632 Theory and Applications of Digital Filtering (Likely to be
 offered in S15)
 4. ECEN 5682 Theory & Practice of Error Control Coding (every other
 Spring)
 5. ECEN 5002 Wireless Communications/Network Information Theory
 (every other Spring)
 6. ECEN 4532/5532 DSP Laboratory
 7. ECEN 4652/5002 Communications Lab
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Recommended Courses for M.S. in
 Communications and Signal Processing
 Inside DSP/Comm
 1. One should take at least 5 graduate level courses in
 DSP/Comm according to your interests
 2. ECEN 4532/5532 DSP Laboratory and ECEN
 4652/5002 Communications Lab are recommended
 Outside DSP/Comm
 1. Courses related to embedded systems certificate
 2. Courses in ITP (TLEN) and CS (CSCI 7000-012)
 Follow your academic advisors' recommendation
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Recommended Courses for Ph.D. in
 Communications
 Ph.D. students are expected to take prelim exam in early Spring next calendar year
 Inside ECEE
 1. ECEN 5612 Noise and Random Processes (Fall)
 2. ECEN 5622 Information Theory & Coding (Fall)
 3. ECEN 5692 Principles of Digital Communications (Spring)
 4. ECEN 5652 Detection & Extraction of Signals from Noise (every other Spring)
 5. ECEN 5682 Theory & Practice of Error Control Coding (every other Spring)
 6. ECEN 5322 Search Engines/High Dimensional Datasets (Fall)
 7. ECEN 5002 Wireless Communications/Network Information Theory (every other Spring)
 8. ECEN 5632 Theory and Applications of Digital Filtering (Spring)
 Outside ECEE
 1. Real Analysis1. Math 6310 Real Analysis I
 2. Math 6320 Real Analysis II
 2. Probability Theory1. Math 6534 Topics in Mathematical Probability I
 2. Math 6534 Topics in Mathematical Probability II
 3. Discrete Mathematics and Number Theory
 4. Optimization: CSCI 7000-012 – Convex Optimization and Its Applications
 Follow your advisor's recommendation
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Recommended Courses for Ph.D. in
 Communications with Networking Emphasis
 Ph.D. students are expected to take prelim exam in early Spring next calendar year
 Inside ECEE
 1. ECEN 5612 Noise and Random Processes (Fall)
 2. ECEN 5622 Information Theory & Coding (Fall)
 3. ECEN 5632 Theory and Applications of Digital Filtering (Spring)
 4. ECEN 5322 Search Engines/High Dimensional Datasets (Fall)
 5. ECEN 7002 Foundations of Networks (Fall)
 Outside ECEE
 1. APPM 5560 Markov Processes, Queues and Monte Carlo Simulations (Fall)
 2. CSCI 5273 Network Systems (Fall)
 3. TLEN 5330 Data Communications I (Fall/Spring)
 4. Advanced networking courses from CSCI and TLEN
 Follow your advisor's recommendation
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Recommended Courses for Ph.D. in
 Signal Processing
 Ph.D. students are expected to take prelim exam in Spring next year
 Inside ECEE
 1. ECEN 5322 Search Engines/High Dimensional Datasets (Fall)
 2. ECEN 5632 Theory and Applications of Digital Filtering (Spring)
 3. ECEN 5612 Noise and Random Processes (Fall)
 4. ECEN 5622 Information Theory (Fall)
 5. ECEN 5652 Detection and Extraction of Signals from Noise (Spring)
 Outside ECEE
 1. APPM 5520 Introduction to Mathematical Statistics I (Fall)
 2. APPM 5440 Applied Analysis I (Fall)
 3. Graph Theory, e.g.1. CSCI 7000: Inference, Models, and Simulation for Complex Systems (Clauset)
 2. APPM 7400: Dynamics on Networks (Restrepo)
 3. TLEN 7000: Foundations of Networks (Chen)
 4. MATH 6230 Differential Geometry
 5. APPM 7400 Wavelets
 Follow your advisor’s recommendation.
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Communication and Signal Processing Group
 Timothy Brown Peter Mathys
 Mahesh Varanasi
 Youjian (Eugene) Liu
 Francois Meyer
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The Research Focus
 Future Information Processingand Transmission Technology
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Modern Signal Processing and Data Analysis
 Prof. Meyer
 Signal processing = analysis of massive high-dimensional
 datasets
 Origin of datasets: biology & medicine, social networks,
 communication networks, commerce, etc.
 Tools
 geometry
 spectral graph theory
 fast randomized algorithms & numerical analysis
 Applications
 construct sparse representations with fast algorithms
 remove noise, classify, etc.
 interactive exploration/visualization of datasets
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Understanding of High-Dimensional Data
 Prof. Meyer
 Given sets of high-dimensional data, we seek to find low-
 dimensional models that explain the data well. Examples:
 Sparsity: Each signal is a linear combination of ≤ K elements of some
 dictionary
 Manifold: Each signal is a continuous nonlinear function of ≤ K parameters
 Challenges: How to: (1) learn an accurate low-dimensional signal model from
 data, (2) use these models effectively in expedite or improve further processing
 Given: A set of unsorted high-dimensional data samples (4096 pixels each)
 Want: An algorithm to find an arrangement of this data that reflects a natural, meaningfulparameterization of it
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Topics
 1. Johnson-Lindenstrauss Lemma
 2. Approximate nearest neighbors in
 high-dimensions
 3. Local sensitivity hashing
 4. Embedding finite metric spaces into
 Euclidean spaces
 5. Embedding via random projections;
 6. Embedding with the eigenvectors of
 the Graph Laplacian
 7. Project: music recommendation
 system
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Information and Communication Theory
 Profs. Varanasi and Liu
 Fundamental limits for
 information compression,
 transmission and storage
 Techniques for achieving
 those limits
 Information theoretic
 limits of wireless
 networks including
 interference networks,
 cooperative networks, and
 cognitive networks are of
 interest (applications:
 cellular telephony, wi-fi,
 sensor networks and mesh
 networks)
 Claude Shannon, the
 "father of information
 theory," solved what
 classic and modern
 physics cannot solve, and
 laid the foundation of the
 digital age.
 http://scienceworld.wolfram.com/biography/photo-credits.html#Newton
 http://scienceworld.wolfram.com/biography/photo-credits.html#Newton
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Application of Information Theory and
 Communication Technology
 Cell Phone
 Bluetooth
 WiFi
 GPS
 (Research areas in ECEE are inside the parentheses)Images are taken from http://arstechnica.com/reviews/hardware/iphone-review.ars/14
 A computer can have over 20 communication technologies in it
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IP-based
 micro-mobility
 IP backbone
 Comm/SP/coding in wireless networks
 Profs. Varanasi, Liu
 Avoiding interference can be highly suboptimal
 Efficient network communication however
 requires Comm/SP/Coding techniques for
 interference management.
 Strong Interference
 High Power to reach the destination
 http://images.google.com/imgres?imgurl=http://www.physorg.com/newman/gfx/news/xv6700_ang_x198.jpg&imgrefurl=http://www.physorg.com/printnews.php?newsid=9579&h=280&w=198&sz=25&hl=en&start=57&tbnid=TIUMLdXYQ8vVuM:&tbnh=114&tbnw=81&prev=/images?q=windows+mobile&start=40&ndsp=20&svnum=10&hl=en&lr=&rls=GGLD,GGLD:2005-11,GGLD:en&sa=N
 http://images.google.com/imgres?imgurl=http://www.physorg.com/newman/gfx/news/xv6700_ang_x198.jpg&imgrefurl=http://www.physorg.com/printnews.php?newsid=9579&h=280&w=198&sz=25&hl=en&start=57&tbnid=TIUMLdXYQ8vVuM:&tbnh=114&tbnw=81&prev=/images?q=windows+mobile&start=40&ndsp=20&svnum=10&hl=en&lr=&rls=GGLD,GGLD:2005-11,GGLD:en&sa=N
 http://images.google.com/imgres?imgurl=http://www.physorg.com/newman/gfx/news/xv6700_ang_x198.jpg&imgrefurl=http://www.physorg.com/printnews.php?newsid=9579&h=280&w=198&sz=25&hl=en&start=57&tbnid=TIUMLdXYQ8vVuM:&tbnh=114&tbnw=81&prev=/images?q=windows+mobile&start=40&ndsp=20&svnum=10&hl=en&lr=&rls=GGLD,GGLD:2005-11,GGLD:en&sa=N
 http://images.google.com/imgres?imgurl=http://www.physorg.com/newman/gfx/news/xv6700_ang_x198.jpg&imgrefurl=http://www.physorg.com/printnews.php?newsid=9579&h=280&w=198&sz=25&hl=en&start=57&tbnid=TIUMLdXYQ8vVuM:&tbnh=114&tbnw=81&prev=/images?q=windows+mobile&start=40&ndsp=20&svnum=10&hl=en&lr=&rls=GGLD,GGLD:2005-11,GGLD:en&sa=N
 http://blog.m8z.org/images/thumb-opera-for-windows-mobile-5-and-pocket-pc-2003.jpg
 http://blog.m8z.org/images/thumb-opera-for-windows-mobile-5-and-pocket-pc-2003.jpg
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IP backbone
 Cooperative Communication NetworksProfs. Varanasi, Liu
 Taking advantage of relays help source(s) communicate with destination(s).
 Comm/signal processing/coding techniques for multi-flow and multi-hop networks
 are of particular interest
 Distributed MIMO
 IP-based
 micro-mobility
 Lower Power to reach the destination
 Smaller Interference to others
 http://images.google.com/imgres?imgurl=http://www.physorg.com/newman/gfx/news/xv6700_ang_x198.jpg&imgrefurl=http://www.physorg.com/printnews.php?newsid=9579&h=280&w=198&sz=25&hl=en&start=57&tbnid=TIUMLdXYQ8vVuM:&tbnh=114&tbnw=81&prev=/images?q=windows+mobile&start=40&ndsp=20&svnum=10&hl=en&lr=&rls=GGLD,GGLD:2005-11,GGLD:en&sa=N
 http://images.google.com/imgres?imgurl=http://www.physorg.com/newman/gfx/news/xv6700_ang_x198.jpg&imgrefurl=http://www.physorg.com/printnews.php?newsid=9579&h=280&w=198&sz=25&hl=en&start=57&tbnid=TIUMLdXYQ8vVuM:&tbnh=114&tbnw=81&prev=/images?q=windows+mobile&start=40&ndsp=20&svnum=10&hl=en&lr=&rls=GGLD,GGLD:2005-11,GGLD:en&sa=N
 http://images.google.com/imgres?imgurl=http://www.physorg.com/newman/gfx/news/xv6700_ang_x198.jpg&imgrefurl=http://www.physorg.com/printnews.php?newsid=9579&h=280&w=198&sz=25&hl=en&start=57&tbnid=TIUMLdXYQ8vVuM:&tbnh=114&tbnw=81&prev=/images?q=windows+mobile&start=40&ndsp=20&svnum=10&hl=en&lr=&rls=GGLD,GGLD:2005-11,GGLD:en&sa=N
 http://images.google.com/imgres?imgurl=http://www.physorg.com/newman/gfx/news/xv6700_ang_x198.jpg&imgrefurl=http://www.physorg.com/printnews.php?newsid=9579&h=280&w=198&sz=25&hl=en&start=57&tbnid=TIUMLdXYQ8vVuM:&tbnh=114&tbnw=81&prev=/images?q=windows+mobile&start=40&ndsp=20&svnum=10&hl=en&lr=&rls=GGLD,GGLD:2005-11,GGLD:en&sa=N
 http://blog.m8z.org/images/thumb-opera-for-windows-mobile-5-and-pocket-pc-2003.jpg
 http://blog.m8z.org/images/thumb-opera-for-windows-mobile-5-and-pocket-pc-2003.jpg
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Software Defined RadioProfs. Mathys, Liu
 Prototype communication algorithms
 Collaborative project examples
 Small cell cooperative communication algorithm
 HDTV spacecraft positioning as a back up for GPS
 ECEN 4652/5002 Communications Lab will use software defined radio
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Dynamic networks of small unmanned aircraft for
 sensing and data collection
 Airborne Networking
 Prof. Tim Brown
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Sensor Networks
 Prof. Tim Brown
 Focus is on Ad hoc networks of sensors
 Robust network protocols
 Controlling mobility and communication.
 Wildfire Hurricane Arctic
 Coordinated
 Sampling
 Sensor data
 collection
 Mobility
 optimization
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