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Overview

• Summer Programs
– SUPERB: Summer Undergraduate Program in 

Engineering Research at Berkeley

– SIPHER: Summer Internship Program in Hybrid 
and Embedded Software Research 

• Previous Summer Students (Updates)
• Undergraduate Research

Univer sit y of  Cal i f or n ia
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SUPERB–IT 2005

• Sponsored six undergraduate students
• Paired with six individual mentors
• Designed projects to cross-fertilize

CHESS-sponsored participants in the SUPERB Program.
L-R (Back, Mentors) Alessandro Pinto, Parvez Ahammad, Haiyang Zheng, Aaron Ames, Yang Zhao, Alessandro Abate
L-R (Front, Student Researchers) Rey Romero, Lana Carnel, Simon Ng, Bobby Gregg, Murphy Gant, Shams Karimkhan

http://chess.eecs.berkeley.edu/superb/

http://chess.eecs.berkeley.edu/superb/
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Modeling/Analysis On-Chip Networks

SUPERB: Projects Overview

Reinaldo Romero

Camera Networks

Murphy Gant

Lana Carnel

Visual Segmentation Code

Camera and Network Modeling

Hybrid Systems Theory and Modeling

Bobby Gregg

Simon Ng

Collision

Switch  legs

Modeling and Simulation with HyVisual

Derivation of Equations of Motion

Zeno in Communications Networks

Shams Karimkhan
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Visual Target Segmentation and 
Identification

Lana Carnel

• Lana Carnel, 
– Sophomore, University of Tennessee, Knoxville
– Previous Degree in Film Studies

Selected video frames and resulting segmentation and identification 

Collect Video from 
Surveillance System

Select camera feeds 
containing target

Feature Selection 

Reduce to Binary Image, 
Apply Smoothing Filter

Drop background from 
further analysis

Find Centroid

Display Centroids on 
Segmented Image

Output Centroid Locale 
Numerically

Collect Video from 
Surveillance System

Select camera feeds 
containing target

Feature Selection 

Reduce to Binary Image, 
Apply Smoothing Filter

Drop background from 
further analysis

Find Centroid

Display Centroids on 
Segmented Image

Output Centroid Locale 
Numerically

Segmentation on still 
images using RGB Color

(using 4 parameters)

Segmentation on still 
using HSV Color

(using 2 parameters)

Fuse Local Information into 
Global Reference Frame

Research continues in this area by Lana’s Mentor, Parvez Ahammad

http://www.eecs.berkeley.edu/~parvez/044.jpg
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Modeling of Distributed Camera Networks

Wireless 
Channel

Sensor Node Wireless 
Sound 

Detector

Sound Source

Collect Video from 
Surveillance System

Select camera feeds 
containing target

Feature Selection 

Reduce to Binary Image, 
Apply Smoothing Filter

Drop background from 
further analysis

Find Centroid

Display Centroids on 
Segmented Image

Output Centroid 
Locale Numerically

Collect Video from 
Surveillance System

Select camera feeds 
containing target

Feature Selection 

Reduce to Binary Image, 
Apply Smoothing Filter

Drop background from 
further analysis

Find Centroid

Display Centroids on 
Segmented Image

Output Centroid 
Locale Numerically

Fuse Local Information into 
Global Reference Frame

Plots graph 
of object in 

motion

Omni-directional camera

Omni-directional 
Camera

Recti-linear 
Camera

Moving 
Object

Head Station
Outer 

Boundary

Restricted 
Area

• Murphy Gant, 
– Sophomore, Diablo Valley Community College
– Since, transferred to UC Berkeley

Murphy Gant

Murphy used the VisualSense Ptolemy II domain,
which is the research topic of his mentor, Yang Zhao
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Hybrid Reduction of a Bipedal Walker from 
Three to Two Dimensions

• Bobby Gregg
– Junior, UC Berkeley
– Continued research into this academic year

Bobby Gregg

•Existing methods for state exploration do not scale 
up to allow addition of multiple degrees of freedom.
•This work used Hybrid Lagrangian Reduction to 
effectively reduce the dimensionality of the modeled 
system to 2D, while providing motion in 3D.

Bobby applied emerging research 
techniques of his mentor, Aaron Ames, to 
this problem, and continues to work in this 
area after the program is completed.
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Modeling, Simulation, and Analysis of a 
Bipedal Walker

• Simon Ng
– Junior, Michigan State University
– Verified equations derived by Bobby Gregg

0)(),()( =Θ+ΘΘΘ+ΘΘ gFM &&&&

Simon Ng

Equations for the continuous dynamics

Stance Leg

Swing Leg

Collision

Switch  legs

Physical Visualization
(independent of model)

Dynamical Modeling
(visualization independent)

Simon worked closely with his mentor Haiyang Zheng, who is the 
manager of the HyVisual modeling domain in Ptolemy II. Haiyang 

continues this work because of the SUPERB interaction.
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• Shams Karimkhan
– Junior, Wright State University

Shams Karimkhan
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A Hybrid Systems Approach to Communication Networks: 
Zeno Behavior and Guaranteed Simulations

Shams worked with his Mentor, Alessandro 
Abate, to see this application in a new light, and 
provide these Zeno examples.
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Switching Model of 
TCP Network

Sample Trajectory w/ Zeno Behaviors: Chattering (L) Actual (Above, R)
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Introduction of local error into simulation, 
to investigate guaranteed simulation

This work provided the foundation for subsequent 
papers by Abate and others which proved the 
Zeno Behaviors exhibited in the above graphics.
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Modeling and Analysis of On-Chip 
Networks

• Reinaldo (Rey) Romero
– Junior, Pennsyvania State University

•derived an expression for computation/communications trade-off
•predicted how future communication topologies will look 
•analyzed on-chip networks using simple analytical models.

Reinaldo Romero

Internal model of an on-chip 
network with FIFO scheduler, 
along with functional simulation 
of the router to confirm design 
choices.

Cost =
X

e2 E
Ce(e) + ¸

X

v2 R
Cv(v)

C
0

e(e) = ®! (e)l2(e)²W dW

C
0

v (v) = ®

0

@
X

(i ;v)2 E

! (i ; v)

1

A ²R
n

f cl k

Rey’s development of the energy and connectivity costs and 
network design models, was supervised by his Mentor, 
Alessandro Pinto
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Other Tasks

• LaTeX template design
• Poster template
• Website/weblog updates
• Final Poster and Final Paper

http://chess.eecs.berkeley.edu/superb/

http://chess.eecs.berkeley.edu/superb/
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SIPHER 2005

• Sponsored 8 undergraduate students
– Karlston Martin (Fisk University)
– Shantell Hinton (Vanderbilt University)
– Alicia Vaden (Tennessee Tech University)
– Chanel Mitchell (Johnson C. Smith University)
– Omar-Abdul Ali (Vanderbilt University)
– Lauren Mitchell (Vanderbilt University)
– Sarah Francis (Western Kentucky University)
– Ryan Thibodeaux (Vanderbilt University)

• Also sponsored 2 faculty members
– Charles R. Hardnett (Spelman

College)
– Stephen V. Providence (North 

Carolina A&T State U)
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Process Control using Model-based Tools

• Karlston Martin, Fisk University
• Shantell Hinton, Vanderbilt University

Simulation Model using Hybrid Bond Graphs, along with controller

Canonical 3-Tank System Example
Real Data vs. Simulated Data Plot of Residuals for each Tank

Performed under the mentorship of Chris 
Beers, a former SIPHER participant, with 
faculty support from Gautam Biswas.



Chess Review, Nov. 21, 2005"Summer Programs and Undergraduate Research", J. Sprinkle 14

Embedded Controllers for Vibration Control

• Alicia Vaden (Tennessee Technological  
University)

Model and analyze the vibration 
response of a cantilevered beam. 

Design a smart material-based 
controller that will reduce the 

vibrations of the beam.
Feedback Power

AmpDAC
Low 
Pass 
Filter

Piezo Beam Sensor

ADC
Low
Pass
Filter

reference

+
-

acceleration

v(L) = ¡ PL3

3EI

G(s) =
2 x 103

s2 + 1:5s + (2 x 103)

a(t) = c1e¡ ³ ! n t
c(t) = e¡ ³ ! n t sin(¯! n t + µ)

G =
! 2

n
s2 + 2³ ! n s + ! 2

n

Performed under the mentorship of Tao Tao, 
with faculty support from Ken Frampton.

Alicia Vaden
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Sensor Networks

• Chanel Mitchell, Johnston C. Smith 
University

• Omar Abdul-Ali, Vanderbilt University
Investigation of signal strength 
dissipation of a wireless 
network using Ptolemy and 
experimental data gathered 
from a laptop and a router

Performed under the mentorship 
of Andrew Dixon, with faculty 
support from Ken Frampton and 
Gautam Biswas.

Simulation Data

Observed data (3 Trials, left) vs. Predicted (simulated) Data
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Autonomous Robot Control

• Lauren Mitchell, Vanderbilt University
• Sarah Francis, Western Kentucky 

University
Lauren
Mitchell

Sarah
Francis

• Success Criteria:
– Robot reaches target point within two 

turns
– Robot has reached the target when it 

is between 0 – 6 cm from point
– Robot consistently follows path 

repeatedly
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Embedded Software Tools

• Ryan Thibodeaux, Vanderbilt University

Port the SMOLES DataFlow Kernel to the 
Motorola 9S12DP256B evaluation board to 
enable students in Microcontrollers II to 

test models of embedded systems in a real 
world environment  

InterruptsInterrupts UserUser RealReal--time I/Otime I/O

DFKDFK

µµCOSCOS

Ryan Thibodeaux
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SIPHER: 2 Sponsored Faculty Projects

• Charles R. Hardnett
– Dept. of Computer Science, Spelman College, 

Atlanta, GA 
• Stephen V. Providence

– Dept. of Computer Science, North Carolina A&T 
State U., Greensboro, NC

Objective: Embedded System Development 
class with electronic courseware

Charles R.
Hardnett

Stephen V.
Providence

http://fountain.isis.vanderbilt.edu/fountain/Teaching/2005
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SIPHER Faculty Project

Embedded Systems Course Development
1. 1. System-On-Chip Architectures or Embedded Systems Definitions and 

descriptions with examples. (1 week)
2. Digital Signal Processors, Field Programmable Gate Arrays and Advanced 

RISC Machines Definitions and descriptions with examples. (1 week)
3. Embedded Applications such as: Communications, Security, Video 

Manipulation, Graphics Manipulation and Automotive Sensors and Case-
Study of In-vehicle Networks (2 weeks)

4. Designing Applications, Language selection and Processing requirements, 
Communication requirements, Real-time constraints, ILP and the need for 
customization (1 week)

5. GPP Programming paradigm, Explore techniques for GPP programming and 
optimization using GPP programming tools, Trimaran (#1 Choice), Vex (#2 
Choice), Profiling and Compilation options, (3 weeks)

• Programming Project: Optimize one or two benchmarks from the automobile 
benchmark suite (MiBench and EEMBC)

6. FPGA programming paradigm A Compiler and Library e.g. CoDeveloper from 
ImpulseC, A synthesis tool e.g. Synopsis, Simulation tool (VHDL simulation), 
and a light treatment of VHDL and Tool optimizations. (4 weeks)

• Programming Project: Port an automotive benchmark to work on this paradigm 
within Impulse C

7. DSP Programming Paradigm TI simulator and compiler and Optimizations for 
DSP. (3 weeks)

• Programming Project: Port an automotive benchmark to TI DSP platform and 
compare with other paradigms
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SIPHER Activities

• Website, chronicle of events
• GME/Metamodeling Classes
• Lab visits, and social events
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Undergraduate Research

• Berkeley Undergrad Research Course 
• Bipedal Robotic Walking: From Theory to Practice

– Emerged from Bobby Gregg and Simon Ng’s 
summer project

– Taught by Aaron Ames (SUPERB Mentor) and 
Shankar Sastry

• Ongoing and inspired research has 
produced at least one paper submission, 
and will have others, with undergraduate 
authors
Aaron D. Ames, Haiyang Zheng, Robert Gregg and Shankar 
Sastry.  “Is there Life after Zeno?  Taking Executions past the 
Breaking (Zeno) Point.” 2006 American Control Conference, 
Minneapolis, MN (Submitted), June, 2006.

Is there Life after Zeno?
Taking Executions past the Breaking (Zeno) Point

Aaron D. Ames, Haiyang Zheng, Robert D. Gregg and Shankar Sastry
Department of Electrical Engineering and Computer Sciences

University of California at Berkeley
Berkeley, CA 94720

{adames,hyzheng,rdgregg,sastry}@eecs.berkeley.edu

Abstract— Understanding Zeno phenomena plays an impor-
tant role in understanding hybrid systems. A question that
intrigues researchers in the area of hybrid systems is: what
happens after a Zeno point? In this paper, we propose a
method for extending Zeno trajectories past a Zeno point for a
class of hybrid systems: Lagrangian hybrid systems. We argue
that after the Zeno point is reached, the hybrid system should
switch to a holonomically constrained dynamical system,
where the holonomic constraints are based on the unilateral
constraints on the configuration space that originally defined
the hybrid system. We demonstrate these principles with a
series of examples.

I. INTRODUCTION

Zeno behavior occurs in hybrid systems when there
are an infinite number of discrete transitions in a finite
period of time. Since each discrete transition takes a finite
(and nonzero) amount of computation time, Zeno behavior
prevents a simulation from progressing past a certain time,
i.e., the simulator breaks. Since the physical system that the
hybrid system is modeling can exist past the Zeno point,
so the simulator should be able to correctly predict this
“life after Zeno”. This motivates the need for carrying a
Zeno execution (or trajectory) past the point at which Zeno
occurs: the Zeno point.

In this paper, we propose a method for carrying ex-
ecutions past the Zeno point. We argue that any such
extension should correctly represent the physical behavior
of the system being modeled, so we consider a class of
hybrid systems in which we can make inferences about
the behavior of the system after the Zeno point based
on the mathematical structure of the system; we consider
hybrid systems obtained from (simple) hybrid Lagrangians:
Lagrangian hybrid systems.

A hybrid Lagrangian consists of a configuration space,
a Lagrangian, and a unilateral constraint defining the set
of admissible configurations of the system (and usually
dictated by physical constraints on the system). From a
hybrid Lagrangian, we are able to explicitly construct a
Lagrangian hybrid system. Hybrid systems of this form are
general enough to model a wide range physical systems
(cf. [6] and the more than 1000 references therein), while
being concrete enough to allow for analysis, e.g., [2] and
[3] studies the reduction of systems of this form in detail.

Using the special structure of Lagrangian hybrid sys-
tems obtained from hybrid Lagrangians, we are able to

demonstrate that the Zeno point must satisfy constraints
based on the unilateral constraint function. Since these
constraints are holonomic in nature, this implies that after
the Zeno point the hybrid systems should switch to a
holonomically constrained dynamical system; the resulting
system obtained by “composing” the hybrid system with
this dynamical system defines a completed hybrid system,
which inherently allows an execution to continue past the
Zeno point. Since the Zeno point will never be reached
in a simulation environment, we discuss how to practically
implement a completed hybrid system and illustrate these
concepts with a series of examples.

II. HYBRID LAGRANGIANS

In this section, we introduce the notion of a hybrid
Lagrangian. Many different forms of “hybrid Lagrangians”
have appeared in the literature, although not under this
specific name. The goal of the definition introduced here
is to be general enough to include these definitions, while
being specific enough to allow for explicit constructions.

Let Q be the configuration space for a mechanical system
(assumed to be a smooth manifold) and TQ the tangent
bundle of Q. In this paper, we will consider Lagrangians,
L : TQ → R, describing mechanical, or robotic, systems;
that is, Lagrangians of the form

L(q, q̇) =
1
2
q̇T M(q)q̇ − V (q) (1)

where M(q) is the inertial matrix, 1
2 q̇T M(q) is the kinetic

energy and V (q) is the potential energy. In this case, the
Euler-Lagrange equations yield the equations of motion for
the system:

M(q)q̈ + C(q, q̇)q̇ + N(q) = 0, (2)

where C(q, q̇) is the Coriolis matrix (cf. [12]) and N(q) =
∂V
∂q (q). Setting x = (q, q̇), the Lagrangian vector field, fL,
associated to L takes the familiar form

ẋ = fL(x) =
(

q̇
M(q)−1(−C(q, q̇)q̇ − N(q))

)
(3)

This process of associating a dynamical system to La-
grangian will be mirrored in the setting of hybrid systems.
First, we introduce the notion of a hybrid Lagrangian.

Submitted to the 2006 American Control Conference

Copyright and all rights therein are retained by authors or by other copyright holders.
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