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A divide and conquer strategy for the maximum likelihood localization of low intensity objects
A. Krull, A. Steinborn, V. Ananthanarayanan, D. Ramunno-Johnson, U. Petersohn, and I. M. Tolic-Norrelykke
Max Planck Institute of Molecular Cell Biology and Genetics, Dresden, Germany

In cell biology and other fields the automatic accurate localization of sub-resolution objects in images is an important tool. The
signal is often corrupted by multiple forms of noise, including excess noise resulting from the amplification by an electron multiplying
charge-coupled device (EMCCD). Here we present our novel Nested Maximum Likelihood Algorithm (NMLA), which solves the
problem of localizing multiple overlapping emitters in a setting affected by excess noise, by repeatedly solving the task of independent
localization for single emitters in an excess noise-free system. NMLA dramatically improves scalability and robustness, when compared
to a general purpose optimization technique. Our method was successfully applied for in vivo localization of fluorescent proteins.
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Quantifying Control Effort of Biological and Technical Movements: An Information-Entropy-Based Approach
D. F. B. Haeufle, M. Gunther, G. Wunner, and S. Schmitt
Universitat Stuttgart, Germany

In biomechanics and biorobotics, muscles are often associated with reduced movement control effort and simplified control com-
pared to technical actuators. This is based on evidence that the nonlinear muscle properties positively influence movement control.
It is, however, open how to quantify the simplicity aspect of control effort and compare it between systems. Physical measures, such
as energy consumption, stability, or jerk, have already been applied to compare biological and technical systems. Here a physical
measure of control effort based on information entropy is presented. The idea is that control is simpler if a specific movement is
generated with less processed sensor information, depending on the control scheme and the physical properties of the systems being
compared. By calculating the Shannon information entropy of all sensor signals required for control, an information cost function can
be formulated allowing the comparison of models of biological and technical control systems. Exemplarily applied to (bio-)mechanical
models of hopping, the method reveals that the required information for generating hopping with a muscle driven by a simple reflex
control scheme is only I = 32 bits versus I = 660 bits with a DC motor and a proportional differential controller. This approach to
quantifying control effort captures the simplicity of a control scheme and can be used to compare completely different actuators and
control approaches.
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Extremum Seeking with Bounded Update Rates
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In this work, we present a form of extremum seeking (ES) in which the unknown function being minimized enters the system’s
dynamics as the argument of a cosine or sine term, thereby guaranteeing known bounds on update rates and control efforts. We
present general image-dimensional optimization and stabilization results as well as 2D vehicle control, with bounded velocity and
control efforts. For application to autonomous vehicles, tracking a source in a GPS denied environment with unknown orientation,
this ES approach allows for smooth heading angle actuation, with constant velocity, and in application to a unicycle-type vehicle
results in control ability as if the vehicle is fully actuated. Our stability analysis is made possible by the classic results of Kurzweil,
Jarnik, Sussmann, and Liu, regarding systems with highly oscillatory terms. In our stability analysis, we combine the averaging
results with a semiglobal practical stability result under small parametric perturbations developed by Moreau and Aeyels.
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Stochastic Maximum Principle for Optimal Control with Multiple Priors
Y. Xu
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The necessary condition is derived for optimal control with multiple priors which are mutually singular. The tool we use is the
theory of G-expectation.
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Performance assessment, diagnosis, and optimal selection of non-linear state filters
A. Tulsyana, B. Huanga, R. Bhushan Gopalunib, J. Fraser Forbes
University of Alberta, Edmonton, Canada

Non-linear state filters of different approximations and capabilities allow for real-time estimation of unmeasured states in non-linear
stochastic processes. It is well known that the performance of non-linear filters depends on the underlying numerical and statistical
approximations used in their design. Despite the theoretical and practical interest in evaluating the performance of non-linear filtering
methods, it remains one of the most complex problems in the area of state estimation. We propose the use of posterior Cramér–Rao
lower bound (PCRLB) or mean square error (MSE) inequality as a filtering performance benchmark. Using the PCRLB inequality,
we develop assessment and diagnosis tools for monitoring and evaluating the performance of non-linear filters. Using the PCRLB
inequality-based performance assessment tool, an optimal non-linear filter switching strategy is proposed for state estimation in
general non-linear systems. The non-linear filter switching strategy is an optimal performance strategy, which maintains high filtering
performance under all operating conditions. The complex, high dimensional integrals involved in the computation of the PCRLB
inequality-based non-linear filter assessment and diagnosis tools are approximated using sequential Monte-Carlo (SMC) methods.
The utility and efficacy of the developed tools are illustrated through a numerical example.
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