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ABSTRACT 
In this short course, we teach basic concepts in model-based signal processing using an applied 
approach. With the sophisticated model-based processing software package, SSPACK_PC, a third 
party toolbox in MATLAB, participants are exposed to many simulation examples to reinforce the 
theoretical concepts introduced during the lectures. The student is assumed to have basic knowledge in 
linear systems, probability and random processes. Only a brief overview of these subjects will be 
presented. The course is designed to take the participant from basic probability and random processes 
to stochastic model development through the heart of physics-based stochastic modeling---the Gauss-
Markov state-space model. Estimation basics will be discussed including maximum likelihood and 
maximum a-posteriori estimators. The state-space model-based processor (MBP) or equivalently 
Kalman filter will be investigated theoretically in order to develop an intuition for constructing 
successful MBP designs using the “minimum error variance approach”. Practical aspects of the MBP 
will be developed to provide a reasonable approach (available in SSPACK_PC) for design and 
analysis. Overall MBP Design Methodology will be discussed. Extensions of the MBP follow for a 
variety of cases included prediction, colored noise, identification, linearized and nonlinear filtering 
using the extended Kalman filter. Applications and case studies will be discussed throughout the 
lectures including the tracking problem along with an application suite MBP problems.  Practical 
aspects of MBP design using SSPACK_PC will be discussed for “tuning” and processing along with 
some actual data. In summary, this course not only provides the participants with the essential theory 
underlying model-based signal processing techniques, but applied design and analysis. 
 
COURSE OUTLINE 
MODELING & SIMULATION  
INTRODUCTION (Background, estimation, model-based signal processing, deterministic state-space 
modeling) 
STOCHASTIC MODELING I (Review probability, stochastic processes, spectral representations, 
simulation) 
STOCHASTIC MODELING II (Random linear systems, simulation procedure Gauss-Markov state-
space model, simulation) 
ESTIMATION (Properties, performance, minimum variance estimation, ML, MAP estimation) 
 
MODEL-BASED PROCESSING (KALMAN FILTERING)  
INTRODUCTION (Overview, innovations approach, innovations sequence analysis) 
PRACTICAL ASPECTS I (Heuristics, tuned MBP, tuning parameters) 
PRACTICAL ASPECTS II (Error analysis) 
DESIGN METHODOLOGY (Covariance analysis, mbp design, case study) 
 
MODEL-BASED PROCESSING EXTENSIONS 
EXTENSIONS  I (Colored noise, design example) 
EXTENSIONS  II (Identification, design example, design example) 
EXTENSIONS  III (Nonlinear (approximate) modeling, linearized MBP, nonlinear (extended) MBP, 
model-based identifier) 
 
APPLICATIONS (Tracking problem) 

Oceans’05 Europe 
Tutorials 



 

 
BIOGRAPHY 
 

 
 
James V. Candy is the Chief Scientist for Engineering and Director of the Center for Advanced Signal 
& Image Sciences at the University of California, Lawrence Livermore National Laboratory.  Dr. 
Candy received a commission in the USAF in 1967 and was a Systems Engineer/Test Director from 
1967 to 1971.  He has been a Researcher at the Lawrence Livermore National Laboratory since 1976 
holding various positions including that of Project Engineer for Signal Processing and Thrust Area 
Leader for Signal and Control Engineering. Educationally, he received his B.S.E.E. degree from the 
University of Cincinnati and his M.S.E. and Ph.D. degrees in Electrical Engineering from the 
University of Florida, Gainesville. He is a registered Control System Engineer in the state of 
California.  He has been an Adjunct Professor at San Francisco State University, University of Santa 
Clara, and UC Berkeley, Extension teaching graduate courses in signal and image processing.  
Barbara.  Dr. Candy is a Fellow of the IEEE and a Fellow of the Acoustical Society of America (ASA) 
as well as a member of Eta Kappa Nu and Phi Kappa Phi honorary societies. He was elected as a 
Distinguished Alumnus by the University of Cincinnati in 2000 and was awarded the 2002 
Distinguished Technical Achievement Award for contributions to the development of “model-based 
ocean acoustic signal processing” by the IEEE OES. He has published over 200 journal articles, book 
chapters, and technical reports as well as written two texts in signal processing, "Signal Processing: 
the Model-Based Approach," (McGraw-Hill, 1986) and "Signal Processing: the Modern Approach," 
(McGraw-Hill, 1988) and is currently writing a third entitled “Model-Based Signal Processing” slated 
for publication by John Wiley in 2004.  He has presented short courses sponsored by the IEEE in 
Applied Signal Processing and more recently Model-Based Ocean Acoustic Signal Processing and 
Modern Spectral Estimation Techniques in DSP for IEEE Oceans Society, ASA in Applied Digital 
Signal Processing and Advanced DSP Techniques.  He is currently the IEEE Chair of the 
Administrative Committee  on "Sonar Signal and Image Processing" and also the past-Chair of the 
ASA Technical Committee on "Signal Processing in Acoustics" as well as being an Associate Editor 
for Signal Processing of ASA (on-line).  His research interests include estimation, identification, 
spatial estimation, signal and image processing, array signal processing, tomography, time-reversal 
signal processing, ocean acoustic and biomedical applications. 
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