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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

\¥

VANDERBILT
UNIVERSITY

* Previous Summer Students (Updates)

- Undergraduate Research
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SUPERB-IT 2005

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

Iy T VNN )

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
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Lana Carnel

~

Bobby Gregg

Switch legs

Collision

Simo. 9 Modeling and Simulation with HyVisual

\ Y,
Modeling/ Analysis On-Chip Networks Zeno in Communications Networks
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| Reinaldo Romero Tradeoff Analysis in Design IRt Shams Karimkhan | b
"Summer Programs and Undergraduate Research", J. Sprinkle Chess Review, Nov. 21, 2005 4



Visual Target Segmentation and
Identification

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

Lana Carnel

Collect Video from
Surveillance System

‘ T " . Ties ’ iy i
. s g ary "
.- & . 1 =
Segmentation —
images usin g RGB C I Apply Smoothing Filter Selected video frames and resulting segmentation and identification
(usmg 4 parame ters)
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Se gmentati ooooooo
ng HSV Colo
(usmg 2 parameters

Segmented Image Numerically

Fuse Local Information into
Global Reference Frame

Research continues in this area by Lana’s Mentor, Parvez Ahammad
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Modeling of Distributed Camera Networks %

- Sophomore, Diablo Valley Community College
- Since, transferred to UC Berkeley

Murphy Gant

Collect Video from
Surveillance System

Reduce to Binary Image,
Apply Smoothing Filter

H Find Centroid ]

Output Centroid
Locale Numerically

Global Reference Frame

Murphy used the VisualSense Ptolemy IT domain,
which is the research topic of his mentor, Yang Zhao

Drop background from
further analysis

Display Centroids on
Segmented Image
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Hybrid Reduction of a Bipedal Walker from
Three to Two Dimensions

[§1§

|

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

Bobby Gregg
Motion: 2D -Existing methods for state exploration do not scale
Complexity: 4 variables 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.
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N tance/swing leg
Periodic 2D Walking: Reduced Model (M = 178kg, m = 89kg, a=b=0.5m, and ¢ = 0.01)
Motion: 3D
Reduced complexity: 4 vars

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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Motion: 3D
Complexity: 8 vars
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Modeling, Simulation, and Analysis of a

Bipedal Walker
Simon Ng

Simé Ng

Dynamical Modeling
(visualization independent)

true

state InitialThetaNS = 0.28; date InitialThetaS = 0.212;

sate.Initial ThetaPNS = -0.65;  sate.In 1aITha:aPS 112
countercount = 0.0; counterx = 0.0; ntery =

/‘\
@

(ThetaS+ThetaNS == -2*dope) &% (ThetaNsS > 0)

date. InitialThetaNS = ThetaS:  sate.niialThetaS = ThetaNS;

state.Initial ThetaPS = -{Beta'ThetaPNS)(2+meu+Beta*(2+Beta)"(1+meu{1+Beta)*2*
cosThetaNS-ThetaS)2+(2*(1+Beta)(1 +meu+Beta*meu) ThetaPS*cos(ThetaNS-ThetaS))
f(3+2'meu+Beta’(2+Bela)’(1+2"'meuH1+Beta)*2 cos2"(ThelaNS-Thetas)))

Hate. Initial ThetaPNS =

H2'Beta®(1+Beta) ThetaPNS cos(ThetaNS-ThetaS - ThetaPS*(-2+(-1+Beta)(1+Beta 2" mel
[+{1+Betap2*(2+meu+Beta’meucos2* (ThetaNS-ThetaS)j))
J(2'Beta*(2+meu+Bata*(2+Beta)'(1+meuH{1+Beata)' 2 cosThetaNS-ThetaS)'2))
counter.count = collisonNumber + 1;

counter.x = x_offset + 2*length*abssin((Thetas - ThetaNS¥2))'cos(dope);

countery = y_offset - 2*length*absign{{Thetas - ThetaNS)2))'sn{dope)

M (©)0 + F(©,0)0 + g(®) =0
Equations for the continuous dynamics

/ V / | /[ /A\
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Junior, Michigan State University
Verified equations derived by Bobby Gregg

&5

[§1§

Simon worked closely with his mentor Haiyang Zheng, who is the
manager of the HyVisual modeling domain in Ptolemy IT. Haiyang
continues this work because of the SUPERB interaction.
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A Hybrid Systems Approach to Communication Networks: %
Zeno Behavior and Guaranteed Simulations @

Shams Karimkhan
Junior, Wright State University

25

Shams Kari rﬁkhan

2Z2r

215+

Switching Model of 2 ] ¥ :
TCP Network

2

205
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x1

201

Sample Trajectory w/ Zeno Behaviors: Chattering (L) Actual (Above, R) [EC 13‘-5“ o w5 B

26\ Shams worked with his Mentor, Alessandro
Abate, to see this application in a new llgh‘r and

\ , pr‘owde these Zeno examples.

21+

20+ )

This work provided the foundation for subsequent

Introduction of local error into simulation, . <AL
to investigate guaranteed simulation papers by Abate and others which proved the <[NSFiS
"‘v <}/

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

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

Cost for a network with 9 routers

Internal model of an on-chip

24 CTRL |
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Routing |l

f read [t | . lg network with FIFO scheduler,
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. _ < N along with functional simulation
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Ce(e) = @ (e)12(e)?w dw
0 1

- i . . @y
i network design models, was supervised by his Mentor, <(NSFKS

X
0
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vv) (V)R " Alessandro Pinto
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Other Tasks

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

"Summer Programs and Undergraduate Research", J. Sprinkle

&5
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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
Shan’rell Hinton, Vanderbilt University

Canonical 3-Tank System Example
Real Data vs. Simulated Data

Plot of Residuals for each Tank
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® controllerandmodel

File Edit Miew Simulation Format

-Joj&d
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Simulation Model using Hybr'nd Bond Graphs, along with controller

Performed under the mentorship of Chris
Beers, a former SIPHER participant, with
faculty support from Gautam Biswas.
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Embedded Controllers for Vibration Control %

[§1§

» Alicia Vaden (Tennessee Technological
University)

Alicia Vaden

Model and analyze the vibration S
VL) = | response of a cantilevered beam. : 5
= l = . , . X 57
: Design a smart material-based [ l £r- . ‘J\
controller that will reduce the B £ s
vibrations of the beam. _.=_T=r-=—-—
i’/?_’Feedback_’ DAC [ 'F:’ﬁtsesr — e —* Piezo [ * Beam [*| Sensor ”W“hum cummuer 1 v e -
-2) with controlier 1 ¥ 500 m§ .
G(s) = 2 x 108 : : : :
s?+ 1:5s + (2 x 103)
4 L3 . — 0
c(t)= e 'rtsin(C!at+ p)
. 3'
a(t) = cief 't
! r2] Performed under the mentorship of Tao Tao,
f = 2+ St 12 y with faculty support from Ken Frampton.
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Sensor Networks

+ Chanel Mitchell, Johnston C. Smith

University

+ Omar Abdul-Ali, Vanderbilt Univers

Investigation of signal strength
dissipation of a wireless
network using Ptolemy and
experimental data gathered
from a laptop and a router

""""""

Observed data (3 Trials, left) vs. Predicted (simulated) Data
"Summer Programs and Undergraduate Research", J. Sprinkle

Simulation Data

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

Chess Review, Nov. 21, 2005 15




Autonomous Robot Control @

- Lauren Mitchell, Vanderbilt University

Sarah Francis, Western Kentucky
University

Lauren
Mitchell

Sarah
Francis

Success Criteria:
- Robot reaches target point within two

123 2 H £ 134 furns
S - Robot has reached the target when it

22 28 <40 is between O - 6 cm from point

H = q*(Blue - Regg) + 120 - Robot consistently follows path
9= RGBmax - RGBmIn repeatedly
S - (RGBmax - RGBmig
RGBmax “_ﬂl — — |_’J
V= RGBmax*100 ClickTimer T —335 Fmbl}—l—-ﬂﬁob out [
255 estination
controller

“—-ﬂ Sna Fic [}

FrameClock

Camera
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Embedded Software Tools

* Ryan Thibodeaux, Vanderbilt University

e T Port the SMOLES DataFlow Kernel to the
Motorola 9512DP2568B evaluation board to

enable students in Microcontrollers II to
test models of embedded systems in a real
world environment

Interrupts Real-time 1/O
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SIPHER: 2 Sponsored Faculty Projects

(\ Charles R. Hardnett

Ml - Dept. of Computer Science, Spelman College,
i Atlanta, GA

Stephen V. Providence

.\ @ - Dept. of Computer Science, North Carolina A&T
Steghen V. State U., Greensboro, NC

Objective: Embedded System Development
class with electronic courseware

http://fountain.isis.vanderbilt.edu/fountain/ Teaching/2005

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



SIPHER Faculty Project %

Embedded Systems Course Development

1.
2.
3.

1. System-On-Chip Architectures or Embedded Systems Definitions and
descriptions with examples. (1 week)

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

Embedded Applications such as: Communications, Security, Video
Manipulation, Graphics Manipulation and Automotive Sensors and Case-
Study of In-vehicle Networks (2 weeks)

Designing Applications, Langua'ge selection and Processing requirements,
Communication requirements, Real-time constraints, ILP and the need for
customization (1 week)

GPP Programming paradigm, Explore techniques for GPP programming and
og}‘rimiza’rion 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)
FPGA programming paradi?m 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
DSP Programming Paradigm TT simulator and compiler and Optimizations for
DSP. (3 weeks)

Pr'ogr'ammin%Pr'ojec’r: Port an automotive benchmark to TI DSP platform and
compare with other paradigms
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SIPHER Activities

- Website, chronicle of events

MEMORANDUM
To
)
- GME/Metamodeling Classes
MEMORANDUM
® ® ® To. Gabor Earsai
°* LAab VISITS, and soclal events ]
! Efosa Ojoma .
4 FOUNTAIN - Reports - Microsoft Internet Explorer M[=] E3 _ 7, ad
Fle Edit Vew Favorites Tools Help ‘ i
FOUNTAIN - Reports - Micllf @ S e I Y -3 NS ) sesrch 5 Favorites {2 ‘ g M -
He Edt Vew Favore | psqrecs [ ] hitps/fountan.ss.vanderbit.eduffountain) Teaching/ 2005 Reports/ B |k > MEMORANDUM
Oﬂack - O - Iﬂ | Google - | || [Clsearch - | g PRk B 12ablocked | A5 check - X Autolink ~ [ Autoril H & - :
| Address [] http: fountain. si B sed
| Google - @hﬁss Efosa Ojomo
. Foundations of Hybrid and Embedded TaoTan
@h"‘gss @ Software SyStemS : Emacton Camsol of it Strcs
E @ Dae  Augast3.2005 S
. 1 Introduction =

home about

you are here: homs » t=

navigation

links search

home about projects publications teaching <
you are not logged in__& log in

you are here: home » teaching » her » reports
navigation Reports =)
AL
@ FiJ th m Up one level
type size Izst modified description
File 94 K 2005-08-11 n/a
File BB1 K 2005-08-11 n/a
File 956 K 2005-08-11 n/a
File 208 K 2005-08-11 n/a
File 4.35 M 2005-08-11 n/a

Iog in
Name
log in Passward
Name
Password log in
=
= @] Dene [T [ [ mtemet 4
=
@] Dene [T [ [ mtemet 4
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ystem, and in mure insplement 2 rexction th
iate. Thie most common form control sirat

loap feadback
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2 Challenge Problem

beam is medeled, ] must then de:
vibrations of the beam.
dSpace and Biezoslectric smart

levezzd beam Omnce
dhat will reds
used the tecknalog

3 Methods

3.1 Equipment and Software
Matlab_ Simulink
Acceleromater

Tektronix TDS 210 Oscilloscope, WaveStar Software

790 Series Power Amplifier
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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.
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