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8:40- 9:05 

Cycle basis distributed ADMM solution for optimal network flow problem over biconnected graphs 
Reza Asadi, UC Irvine 

Advisor: Solmaz Kia 

 
Abstract: Minimum cost network flow problems appear in a wide range of applications including 
general network optimization problems, transportation systems, electricity networks and information 
networks. In these applications, the underlying physical layer of the systems can generate a very large 
graph resulting in an optimization problem with a large decision variable space. Various arc and node 
based cyber layer layouts have been proposed to solve this problem in a distributed manner. In this 
paper, for a physical layer network of n nodes and m arcs with biconnected graph topology, we take 
advantage of the cycle basis concept in the graph theory to reduce the search variables of an optimal 
network flow from m to m-n+1 variables. We show that our proposed new formulation of the optimal 
network flow problem is amenable to a distributed solution using  alternating direction method of 
multipliers (ADMM)  method via a cyber layer whose nodes are defined based on the fundamental 
cycles of a cycle basis of the physical layer graph.  
 
 
 
9:05- 9:30 

Adaptive Control of Networked Distributed Systems with Unknown Interconnections  
George Lymperopoulos, USC  
Advisor: Prof. Petros Ioannou 

 
Abstract: Networked Distributed Control Systems (NDCS) consist of a number interacting subsystems 
and usually face the challenge of delays induced by the communication network.  In this paper we 
consider the case where each subsystem communicates with other subsystems its state information 
with a communication delay.  We assume that each subsystem knows its own dynamics but does not 
know how neighboring subsystems affect its dynamics, i.e., the interconnection matrices are unknown.  
We proposed local robust adaptive control schemes whose objective is to stabilize the local 
subsystems, weaken the interconnections and guarantee global stability for the NDCS despite the 
communication delays.  We showed analytically that if the unknown interconnections can be 
weakened by each subsystem and if the communication delay is small the overall system is 
exponentially stable. 
 
 
 
 
 



9:30- 9:55  
Gradient-free distributed resource allocation via simultaneous perturbation stochastic approximation  

Eduardo Ramirez, UC San Diego  
Advisor: Sonia Martinez 

 
Abstract: In this talk we consider a class of decentralized convex optimization problems subject to 
constraints. We propose a discrete-time algorithm with constant step-size that exploits simultaneous 
perturbation stochastic approximation to obtain information of the cost function. Under some technical 
conditions, we prove practical convergence in probability of the algorithm to a ball that contains the 
optimizer and which has a step-dependent size. The novelty of our approach is that the agents do not 
require a closed form expression of the cost function, nor global knowledge of total resources in the 
network or any specific procedure for algorithm initialization. Our proof methods employ non-smooth 
Lyapunov theory, convex analysis, and stochastic difference inclusions. Finally, we illustrate the 
applicability of the proposed algorithm in an electricity markets scenario. 
 
 
 
9:55- 10:20 

Event-triggered second-moment stabilization of linear systems under packet drops 
Pavan Tallapragada, UC San Diego  

Advisor: Jorge Cortes 
 
Abstract: The main idea behind opportunistic state-triggered control is to synthesize state-dependent 
triggering criteria based on a desired control objective to opportunistically decide when certain actions 
(update the actuation signal, sample data, or communicate information) must be executed. However, 
the emphasis in the context of communications has been on minimizing the number of transmissions 
rather than the quantized data, and little work has been done in the stochastic setting.  This talk deals 
with the stabilization of linear systems with process noise under packet drops between the sensor and 
the controller. Our aim is to ensure exponential convergence of the second moment of the plant state 
to an ultimate bound in finite time. Motivated by considerations about the efficient use of the available 
resources, we adopt an event-triggering approach to design the transmission policy. In our design, the 
sensor's decision to transmit or not the state to the controller is based on an online evaluation of the 
future satisfaction of the control objective. The resulting event-triggering policy is hence specifically 
tailored to the satisfaction of the control objective. In addition to formally establishing that the event-
triggering policy meets the desired objective, we also quantify its efficiency by providing an upper 
bound on the fraction of expected number of transmissions over the system executions. This is joint 
work with M. Franceschetti and J. Cortes. 
 
 
 
 
 
 
 
 
 
 
 



11:00- 11:25 
Predictive control for diabetes treatment 

David Copp, UC Santa Barbara 
Advisor:  Joao Hespanha 

 
Abstract: Closed-loop artificial pancreas systems have the potential to improve the lives of millions of 
people with Type I Diabetes. For this application, we compare a new predictive control approach that 
simultaneously solves state estimation and control problems with a simplified version of an estimation 
and control scheme that has been used in clinical and outpatient trials. We present in silico results 
showing potential advantages of this new simultaneous estimation and control approach for the 
treatment of Type I Diabetes. 
 
 
 
11:25- 11:50 

Data-driven H-infinity Loop-shaping Controller Design 
Yu-Chen "Ethan" Sung, USC  

Advisor: Michael G. Safonov, USC 
 
Abstract: We develop a data-driven and real-time test for candidate controllers' ability to meet given 
McFarlane-Glover loop-shape specifications. The proposed test provides a data-driven method to 
improve robustness of closed-loop systems by eliminating controllers that past collected data have 
proved to fail to meet loop-shape specifications. The test has an important property that many 
candidate controllers (not necessarily active ones) can be tested in real-time using evolving real-time 
plant data collected while others are active. It is shown that controller-shaping in the present work 
plays a role that is dual to the role of plant-shaping in the model-based H∞ loop-shaping design 
procedure. A simulation example is provided. 
 
 
 
 
11:50- 12:15 

Stick Balancing - a Case Study for the Robust Control Theory 
Yoke Peng Leong, CalTech  

Advisor: John Doyle 
 

Abstract: Robust control theory studies the effect of noise, disturbances, and other uncertainties on 
system performance. Despite growing recognition across science and engineering that robustness and 
efficiency tradeoffs dominate the evolution and design of complex systems, the use of robust control 
theory remains limited, partly because the mathematics involved is relatively inaccessible to 
nonexperts, and the important concepts have been inexplicable without a fairly rich mathematics 
background. This talk aims to begin changing that by presenting the most essential concepts in robust 
control using human stick balancing, a simple case study popular in both the sensorimotor control 
literature and extremely familiar to engineers. With minimal and familiar models and mathematics, 
this talk explores the impact of unstable poles and zeros, delays, and noise, which can then be easily 
verified with simple experiments using a standard extensible pointer. Experimental results that confirm 
the theoretical analysis will be shared in this talk. Furthermore, this talk introduces a new formulation 
of the waterbed effect in the time domain that shows that good steady state disturbance rejection 



aggravates oscillations at higher frequencies. The result applies to all forms of single-input-single-
output linear time invariant systems regardless of stability, state dimensions, and time continuity. The 
derivation is simple and intuitive, and therefore, accessible to audiences who are not experts in 
control. 
 

 
 

1:15- 1:40 
Cloud-based quadratic optimization using partial homomorphic encryption 

Yasser Shoukry, UC Los Angeles  
Advisor: Paulo Tabuada 

 
Abstract: We consider a problem where multiple agents participate in solving a quadratic optimization 
problem subject to linear inequality constraints in a privacy-preserving manner. Several variables of 
the objective function as well as the constraints are privacy-sensitive and are known to different 
agents. We propose a privacy-preserving protocol based on partially homomorphic encryption where 
each agent encrypts its own information before sending it to an untrusted cloud computing 
infrastructure. To find the optimal solution the cloud applies a gradient descent algorithm on the 
encrypted data without the ability to decrypt it. The privacy of the proposed protocol against coalitions 
of colluding agents is analyzed using the cryptography notion of zero knowledge proofs.  
 
 
 
1:40- 2:05 

Enhancing tolerance to unexpected jumps in GR(1) games 
Sumanth Dathathri, CalTech 

Advisor: Richard M. Murray 
 
Abstract: When used as part of a hybrid controller, finite-memory strategies synthesized from linear-
time temporal logic (LTL) specifications rely on an accurate dynamics model in order to ensure 
correctness of trajectories. In the presence of uncertainty about the underlying model, 
there may exist unexpected trajectories that manifest as unexpected transitions under control of the 
strategy. While some disturbances can be captured by augmenting the dynamics model, such 
approaches may be conservative in that bisimulations may fail to exist for which strategies can be 
synthesized. In this paper, we consider games of the GR(1) fragment of LTL, and we characterize the 
tolerance of hybrid controllers to perturbations that appear as unexpected jumps (transitions) to 
states in the discrete strategy part of the controller. As a first step, we show robustness to certain 
unexpected transitions that occur in a finite manner, i.e., despite a certain number of unexpected 
jumps, the sequence of states obtained will still meet a stricter specification and hence the original 
specification. Additionally, we propose algorithms to improve robustness by increasing tolerance to 
additional disturbances. A robot gridworld example is presented to demonstrate the application of 
the developed ideas and also to perform empirical analysis. 
 
 
 
 
 
 
 
 
 



2:05- 2:30 
The meeting time of multiple random walks  

Mishel George, UC Santa Barbara  
Advisor: Francesco Bullo 

 
Abstract: The study of random walks on graphs has applications to the design of stochastic 
surveillance strategies, search and rescue strategies, and the optimization of consensus and search 
algorithms on networks. In this talk we will examine the problem of a group of pursuers performing 
random walks on a graph trying to intercept a group of evaders who are also random walkers. The 
main question we shall pose is: what are optimal probability transition matrices for pursuers on a graph 
which minimize the expected time to interception of evaders? We formulate the problem of multiple 
random walks on a common graph as a single random walk on a Kronecker product graph which 
enables us to obtain a closed form expression for the expected meeting time. We present various 
sufficient conditions on the transition matrices, given which capture in finite time is ensured. We 
discuss optimal behaviors for pursuers given various strategies that an intruder might employ. Finally 
we show that minimizing the self-meeting time of a transition matrix can be utilized to improve the 
convergence speed of quantized consensus dynamics on networks. 
 
 
 
3:50- 4:15 

Underminer: A Framework for Automatically Identifying Non-converging Behaviors in Black Box 
System Models 

Ayca Balkan, UC Los Angeles 
Advisor: Paulo Tabuada 

 
Abstract: Evaluation of industrial embedded control system designs is a time-consuming and imperfect 
process. While an ideal process would apply a formal verification technique such as model checking 
or theorem proving, these techniques do not scale to industrial design problems, and it is often difficult 
to use these techniques to verify performance aspects of control system designs, such as stability or 
convergence. For industrial designs, engineers rely on testing processes to identify critical or 
unexpected behaviors. We propose a novel framework called Underminer to improve the testing 
process; this is an automated technique to identify non-converging behaviors in embedded control 
system designs.  Underminer treats the system as a black box, and lets the designer indicate the model 
parameters, inputs and outputs that are of interest.  It supports a multiplicity of convergence-like 
notions, such as those based on Lyapunov analysis and those based on temporal logic formulae. 
Underminer can be applied in the context of testing models created in the controller-design phase, 
and can also be applied in a scenario such as hardware-in-the-loop testing.  We demonstrate the 
efficacy of Underminer by evaluating its performance on several examples.  
 
 
 
4:15- 4:40 

A coarse-grained model of DNA nanotube population growth 
Vahid Mardanlou, UC Riverside 

Advisor: Elisa Franco 
 
Abstract: Many biological scaffolds, such as the cytoskeleton, are built with filamentous polymers that 
are constantly assembling and disassembling in response to environmental inputs and cellular 
instructions. DNA nanotechnology has produced a variety of artificial, rationally designed tubular 



structures whose dimensions and mechanical properties are comparable to those of natural filaments 
such as microtubules. We present a continuous time, coarse-grained approach to model how the 
nanotube length distribution varies over time in a population of nanotubes. The model takes into 
account nucleation, polymerization, joining, and fragmentation processes in the nanotube population. 
This research is motivated by the rapid expansion of dynamic DNA nanotechnology, which offers 
exciting opportunities to use strand displacement circuits to control self-assembly. 
 
 
 
 
4:40- 5:05 

Signals of Opportunity Aided Inertial Navigation  
Joshua Morales, UC Riverside  

Advisor: Zak Kassas 
 

Abstract: Autonomous vehicles (AVs) will require more accurate and reliable navigation systems than 
ever before to operate safely and efficiently. Traditional navigation systems integrate global navigation 
satellite system (GNSS) receivers with an inertial navigation system (INS). It is well known that if GNSS 
signals become unavailable, the errors of the INS’s navigation solution diverge. Current trends to 
supplement an AV’s navigation system in the event that GNSS signals become unusable are commonly 
sensor-based (e.g., cameras, lasers, and sonar). Recently, signals of opportunity (SOPs) have been 
considered to enable navigation in areas where GNSS signals become inaccessible or untrustworthy. 
SOPs include AM/FM radio, cellular, DTV, iridium, and Wi-Fi. SOPs are attractive for INS aiding because 
they are free to use, abundant, transmitted with high power, and diverse in geometry and frequency.  
However, in contrast to GNSS signals, SOPs are not intended for navigation. In particular, while 
information about GNSS satellite vehicle states are readily accessible, the states of SOPs (position 
and clock error states) may not be known a priori. This raises a number of fundamental questions and 
practical problems for using SOPs as an INS-aiding source. In this work, a novel SOP-aided INS 
framework is presented, which enables the use of unknown ambient SOPs as an aiding source in the 
absence of GNSS signals. The performance of the SOP-aided INS is studied over a varying quantity 
and quality of exploited SOPs. Experimental results of an unmanned aerial vehicle navigating with the 
SOP-aided INS are demonstrated. 
 
 
5:05- 5:30 

Spacecraft Stationkeeping in the Circular Restricted Three-Body Problem via Finite-Time Lyapunov 
Analysis 

Marco Maggia, UC Irvine 
Advisor: Ken Mease 

 
Abstract: Spacecraft have already involved, and will continue to involve, placing spacecraft in orbits 
around Lagrange points in the Earth-Moon and Earth-Sun systems. Due to perturbations and 
instability, stationkeeping via occasional thrusting is required to maintain a spacecraft in the desired 
orbit.  Dynamical systems based approaches have been used to design transfers to these orbits and 
to design stationkeeping approaches. These approaches key off the manifold structure of the phase 
space flow. The circular restricted three-body model proves adequate for design. Computing Lagrange 
point orbits and their associated manifold structure is still a challenge and current methods (e.g., the 



Floquet Modes approach) have limitations. When multiple timescales are present, such as in the 
circular restricted three-body problem (CR3BP) at the co-linear Lagrange points, finite-time Lyapunov 
analysis (FTLA) can be applicable. FTLA is shown to be a reliable method for finding the flow structure 
in the CR3BP for both periodic and aperiodic orbits. A stationkeeping method is proposed and shown 
to produce numerical results similar to those for a realistic mission. The basic idea is to use thrust to 
transfer the spacecraft to the stable manifold of an acceptable orbit and to repeat this maneuver 
periodically. 


