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What is OpenFresco?

"+ Open source Framework for Experimental Setup
and Control

+ Secure, object oriented, network enabled
“middleware” -- Pairs computer analysis software
with laboratory control systems and other
software to enable hybrid and collaborative

N

computing:
+ Computational Drivers + Control Systems
= OpenSees = dSpace
= OpenFrescoExpress = MTS
= Abaqus + STS family + 469D
= ANSYS + Flextest/CSI + SRMD
= LS-DYNA + Flextest/SCRAMNet
= Matlab = National Instruments
= Simulink = Pacific Instruments
o = ADwin

UI-SimCor
&3 penFres NS



Why a Software Framework?

"+ Lack of a common framework for
development and deployment of HS

+ Problem specific implementations which
are site and control system dependant

+Such highly customized software
implementations are difficult to adapt to
different structural problems

N

- Need a robust, transparent, adaptable,
and easily extensible software framework
for research and deployment j <
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What is a Software Framework?

"+ A reusable design for a software system,
or subsystem

+ Defines overall architecture of a software

system, meaning its basic components
and the relationships among them

+ Expressed as a set of abstract classes and
the way their instances collaborate

+ Loose-coupling of components within the
framework is essential for extensibility
and reusability

N

@pen resCOR—.



_
Rethinking implementation strategies

"+ Embed test specimen(s) in an existing
computational framework of user’s choice

N

ADL’ENICSTTI%?\ITSIVE RECORDERS COMMUNICATION T ] | f

ypical features
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GEOMETRY CONDITIONS B R Of an ana |YS 1S

ELEMENT TYPES

LOADING AND LOCATIONS SOLUTION framework

METHODS

ELEMENT PROPERTIES
STATE DETERMINATION -
Proper numerical
NUMERICAL NUMERICAL NUMERICAL )
ELEMENT 1 ELEMENT 2 ELEMENT 3 L+ d |
= model uncertain
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Rethinking implementation strategies

"+ Embed test specimen(s) in an existing
computational framework of user’s choice

Typical features

of an analysis

ADMINISTRATIVE
B RECORDERS COMMUNICATION
NODAL BOUNDARY l\g/}si/lspmg
CEOMETRY CONDITIONS PROPERTIES
ELEMENT TYPES
LOADING AND LOCATIONS SOLUTION
METHODS

ELEMENT PROPERTIES

framework

STATE DETERMINATION

NUMERICAL
ELEMENT 1

-

NUMERICAL
ELEMENT 2

+F

EXPERIMENTAL
ELEMENT 1

e
Y1

/Define element as
an “"Experimental
Element”
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I — OPENFresco

<—OpenFresco

LABORATORY
CONTROLLERS
AND DAQS

1 | {[~—Laboratory




OpenFresco Components

P
N
provides all features of unmodified
FE_SOft\Nare computational framework, including
parallel and network computing
[ &
OpenFresco
(Middleware)
v
provides control of physical actuators
ContrOI SyStem as well as data acquisition using

in Laborato ry physical instrumentation devices




OpenFresco Components

provides all features of unmodified

F E_Software computational framework, including

parallel and network computing

N

A

Y represents the part of the structure that is physically

Experimental E|ement tested and provides the interface between the FE-

software and the experimental software framework
l T stores data and provides
Experimenta| Site communication methods

l for distributed testing
T transforms between the experimental element

Experimenta| Setup degrees of freedom and the actuator degrees of

l T freedom (linear or non-linear transformations)
interfaces to the different

EXperimenta| C()ntr0| control and data acquisition

systems in the laboratories

y
CO ntr0| Syste m provides control of physical actuators

as well as data acquisition using

in Labora’[o ry physical instrumentation devices




Requirements for Architecture

"+ Provide connectivity to a wide variety of
FE-software (clients), independent of the
language, such analysis software is
programmed in

+ Enable distributed testing and support
different communication protocols

+ Interface with rapidly evolving control and
data acquisition systems deployed at
testing facilities all over the world

N

= Multi/Three-Tier Software Architecture B
"
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O F C t Iocal
upenrresco Lomponents deployment
V
FE-Software FE-Software OpenSees
GenericQIientElmt ExpE[ement ExpElement
7 3 A
Client ~ Client \
TCP/IP (Socket) TCP/IP (Socket) LocalExpSite
Middle Tier Middle Tier ¢ ?
Server v Server Y ExperimentalSetup
SimAppElemServer SimAppSitAeServer ‘ T
* T ‘ T ExperimentalControl
Experime‘nt?lElement LocalExfpSite Ll Client 1
v M - ~nd
LocalExpSite ExperimentalSetup BS}Z&Q:A
* T ‘T Cont I!S t
ExperimentalSetup ExperimentalControl i:nL:l))orgtso?;.l
v ! :
ExperimentalControl | Backend
7'y Server
\J
| Backend Control System
Server in Laboratory
|

A

Control System
in Laboratory




FE-Software

GenericClientElmt
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Client

TCP/IP (Socket)

Middle Tier

Server 1

\ J
SimAppElemServer
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ExperimentalElement

ShadowExpSite
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ExperimentalSetup |
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TCP/IP (Channel)

Middle Tier |
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Client
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Middle Tier
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ExperimentalSetup |
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Server 2

Server 2 l

ActorExpSite
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' ExperimentalSetup |

Y

ExperimentalControl
A
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Server

Y
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Control System
in Laboratory

ActorExpSite

I X -
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ExperimentalControl
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deployment
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ShadowExpSite

S 5

! ExperimentalSetup |
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Server 2
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Control System
in Laboratory
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OpenFresco Class Diagram

Shadow s,

% 6/7178/
4

— ShadowExpSite ~| Channel
D/ *
Actor ‘\\e(,‘(\"’ | | TCP_SocketSSL

éﬁ TCP_Socket | — U°P-socket

N

NHCP_Socket

ExperimentalElement t="*——~| ExperimentalSite |— ActorExpSite

O
&
EEBeamColumn2d | | |

EEBeamColumn3d

EEGeneric LocalExpSite | | ShadowExpSite | | ActorExpSite
EEInvertedVBrace2d T
theControl
EETruss
) 0.1 0.1
EETwoNodelLink OtheControI 0.1 -
ExperimentalSetup - | ExperimentalControl *<**——| SignalFilter
A A "
§ | | ESFourActuators3d § | | | | ECdSpace
% ESInvertedVBrace2d é’ ECMtsCsi

ECAggregator | | ECSimulation | | ECLabVIEW e tes

ESInvertedVBrace)ntOff2d
ESNoTransformation ECSCRAMNet
ESOneActuator ECSimDomain ECxPCtarget

ESAggregator

ESThreeActuators2d ECSimFEAdapter
ESThreeActuators)ntOff2d ECSimUniaxialMaterials
ESTwoActuators2d 1 EXpeI‘Imentalcp




OpenFresco Components

~ Experimental Element
FE-Software Transforms between the global element

degrees of freedom in the FE-Software
and the basic element degrees of
y freedom in the experimental element

Experimental Element

N

GenericElement

| / Consider element in structure

Y Two coordinate systems
Experimental Site il . usedin FE analysis

||' controlled displacements

P and acquired forces
5

dz,‘%(f s

Experimental Setup

| Ci)_-) Y ds, G
\
Experimental Control 1 1
Y ZﬁP;‘@ | 1 ®
Control System L x| P
in Laboratory Global System Cantilever Basic S'.




OpenFresco Components

Experimental Site
FE-Software Stores data and provides communication

N

GenericElement

methods for distributed testing

y T LocalExpSite available for local testing and

Experimental Element RemoteExpSite/ActorExpSite pair available
| f for geographically distributed testing
Y

Experimental Site

v

Experimental Setup
v

Experimental Control
it

Control System
in Laboratory

Utilizes communication channels with TCP,
TCP+SSL or UDP communication protocols
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OpenFresco Components

FE-Software

GenericElement

Y

Experimental Element

|
Y

Experimental Site

|
Y

Experimental Setup

I
Y

Experimental Control

Y
Control System

in Laboratory

Experimental Setup

Transforms between the basic
experimental element degrees of freedom
in OpenFresco and the actuator degrees
of freedom in the laboratory (linear vs.
non-linear transformations are available)

controlled displacements
and acquired forces

7L
&
7L @
|
Cantilever Basic System Actuator Setup
K 10 0 /‘
T=|0 1 -1,
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FE-Software

GenericElement

Y

Experimental Element

|
Y

Experimental Site

|
Y

Experimental Setup

|
Y

OpenFresco Components

Experimental Control

A
Control System

in Laboratory

Experimental Control

Interfaces to the different control and
data acquisition systems in the
laboratories (IP addresses and port

numbers)

) Define xPC Target Control

Define xPC Target Control

BraceExpCtrIXPC

Control Name :

Number of Setups (numSetups) :
Predictor-Corrector Type {type) :
%PC Target IP Address (ipAddr) :
xPC Target IP Port {(ipPort) :
Application Name (appName) :
Application Path {(appPath) :

Targt eope
i e e 1
e
B
- ..
0 0 —b

Ficedsimsissts

192.168.2.20

22222
HybridControllerPoly3

TestModels\ic&mCode-xPCTarget-STS%

XPC Targe
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How to Interface

N

A |
en
A

ent
A

"+ Two Ways to Interface with FE-Softwar%T;

al Setup
| Contr

rrrrrrrrrrrrrr

in Laboratory

= Generic Client Element

= Experimental Element Directly in FE-Software

+ Generic Client Element to be Programmed
by the Developers

+ Several generic client elements available:
[trunk/SRC/simApplicationClient
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+OpenSees
+LS-DYNA
+Abaqus
4+
+

VNAQ-ST1

ANSYS

E! Test_~ ﬁ Test_GenericClient
File Edit

Eile Edit Wiew Simulation Format Tools Help

= = = 4

Computational Drivers

OpenSees

| ExpElement |

\J

Initialization

| LocalExpsite |

Displacement

Force

Stiffness

i

| ExperimentalSetup
o v4
_8 I ExperimentalControl |
>
I] -| Client }
[9)
(72)
(@)
o
\J
S Control System

Matlab/Simulink

Termination

in Laboratory
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[ Paths
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B Movies
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|Ready  Nready [100% FixedStepDiscrete < >
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Integration Methods

N

Experimental Control

M u -+ Cxlln T Pr (un ) =P (fn ) cotsiorer

+Mass matrix M is often singular
-> second order differential equation
infinitely stiff -> fully implicit numerical
methods

+Make as few function calls as possible

+ Use constant Jacobian in the numerical
methods since tangent stiffness is not
available

Ve ‘ o
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Direct Integration Methods

Experimental Setup

+ Explicit Integrators = s

N

ttttttttttttt

= explicit Newmark Method

= Central-Difference Method

= explicit Alpha Method

= explicit Generalized-Alpha Method
= KR-Alpha Method

+ Implicit Integrators (do not use for HS)
= Newmark Method
= Alpha Method
= Generalized-Alpha Method

ﬁ = Collocation Method
@‘pen Fres"c




Direct Integration Methods
+ Implicit Integrators with
increment reduction factors
= Newmark HS IncrReduct Method

= Generalized-Alpha HS IncrReduct Method
= Collocation HS IncrReduct Method

+ Implicit Integrators with
increment limits
= Newmark HS IncrLimit Method
= Generalized-Alpha HS IncrLimit Method
= Collocation HS IncrLimit Method

N
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Direct Integration Methods

+ Implicit Integrators with
sub-stepping (constant number)
= Newmark HS FixedNumIter Method
= Generalized-Alpha HS FixedNumIter Method
= Collocation HS FixedNumIter Method

+ Predictor-Corrector Integrators

N

= Alpha-OS Method ") e
= Generalized-Alpha-0S = ><(
Method i
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Unique OpenFresco
Features




Similitude and Scaling

+ Response Factors:

factors can now be applied to trial and output response
data in addition to control and daq response data

N

Uy, 2,42 § ’
Uy 3.93 %‘:)- Yo | Ctl‘| and
3 ] O Y
.1 N ?ctuatorth dy.f, daq
. factors
trial and out
factors
L |8 L) (8
Specimen Specimen

‘\_/

Linear or Nonlinear Transformation
in ESTwoActuators2d




Co-Simulation (Software Coupling)
'ECSimFEAdapter

expControl SimFEAdapter $tag ipAddr S$ipPort

N

Stag unique control tag
ipAddr IP address of slave
process
$ipPort IP port of slave process
Master FE-Software (OpenSees) OpenFresco Slave FE-Software
u, = U
Adapt
%‘?ngemem | Y % 5 Ele?r?e?\rt I
us«!per usuper @_ % g‘ l"Imp usLl
P I é | dc) < -P dpt e
Psuper 18 1E[—i Padpt = Kado(Uacpt = Uimp)
I S| |8 |[E I
| & |
Per Per




Co-Simulation (Software Coupling)
T+ Master Programs + Slave Programs

= OpenSees = OpenSees

= OpenFresco Express = Abaqus

= Abaqgus = LS-DYNA

= LS-DYNA = Matlab

= Matlab = Simulink

= Simulink = ANSYS

= ANSYS

= UI-SimCor




Test Rehearsal

N

FE-Software 1

I GenericElement I

—

A/

Experimental Element

v

Experimental Site

v |

Experimental Setup

v |

Experimental Control

i
v

OPFConnect

Simulink

SimFEAdapter

-t

I AdapterElement I

FE-Software 2

—

\

Actuator

7777

fR—

L

PID

Controller

7 Ved

Moment Resisting Frame Subassembly
in Master FE-Software

7

o

ECSimSimulink  (new experimental control that

talks to Simulink model)

AdapterElement
5 \
‘ |
1
CIS +
g\‘" éhear Wall Subassembly
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Force and Mixed Control

ExperimentalTangentStiff

#theTangStiff: Matrix

0.1 theTangentStiff

+*getClazsType(): char

+getTangentSti(a: Vector™, £: Vector™): Matrix

o o

| TransSolve |

theTangentStiff

Expermentalfiement

theSite

ExperimentalSetup

thesetup 01

theControl ‘ »

ExperimentalTangForceConverter

ExperimentalKrylovForceConverter

+*getClassType(): char

+converting(d: Yector®, f: Yector®): int
+*getCopy(): ExperimentalTangForceConverter
-getTangStiff(d: Yector®, f: Yector®): Matrix

ESErrorSimulation

-dispVectors: Matrix
-forceVectors: Matrix

+*getClassType(): char
+converting(d: Yector®, f: Yector®): int
+*getCopy(): ExperimentalkrylovForceConverter

+update(}: void

+*getClassType(): char
Hiltering(data. double}: double

+*getCopy(}: ExperimentalSignaliter

ExperimentalSignalfifter

+update(}: void

AN

+*getllazsTypef): char
T ikering(dsta: double): double 0.
Fconverting(dc: Vector®, v: Vector®, a: Vector®, £ Vector®; & Vector®): int
+*getCopy(): ExperimentaiSignaiiter

+YretResponze{ ™ argv: char, arge: it Boutput: OFS Stream): Responze
+getResponzefresponzefD: i, &info: Information): inf

‘ ESFErrorSimRandomGauss

ESFErrorSumUndershoot

'pen Fres.

theFilter ExperimentalControf |
2“*
theControl
ECAggregator | ’&'Simwa{on] [ECLabVIEW}

ECSimDomain
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Some useful utility commands

+
+

+

+ + + + + +

logFile $fileName <-append> <-noEcho>

defaultUnits -force $type -length S$type
-time S$type -temp S$type

metaData —-title $txt —-contact $txt —-description
Stxt —-modelType $txt —analysisType S$txt ..

recordExp

removeExp recorder S$tag

wipeExp

setuplLabServer $siteTag
stepLabServer $siteTag $numSteps

stoplLabServer $siteTag




GUI: OpenFrescoxpress

File Help

OpenFrescoExpress

Release 1.0: May 2012

Developed by

Andreas Schellenberg, Ph.D., P.E. Carl Misra, M.S. Stephen Mahin, Ph.D.
Dep. of Civil and Env. Eng. Dep. of Civil and Env. Eng. Dep. of Civil and Env. Eng.
University of California, Berkeley University of California, Berkeley University of California, Berkeley

OpenFresco Express is supported by funds from

The Pacific Earthquake Engineering Research Center (PEER)

4

PEER

Copyright © 2012, PEER. All Rights Reserved.



GUI: OpenFresco

File Help
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Define Loading: Free Vibration

| Select Type
s of Loading

Vibration
Parameters

Initial Displacement

Select
Loading

1
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Real Experimental Control

Experimental Control

Select
Real Controller

Define Control Control Types_.. 3

Control Types...
LabVIEW

ket | T

xPCtarget

ExpControl Select

Type of
Controller

8 A T T

|

n"ﬂww

g

i
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Real Experimental Control

J

Experimental Control

4“ I |J|' h

AL

1L A

2

Configuration File Name | OpenFresco_mNEES | :
Configuration File Path |C:\U sers\Andreas\Docume nts‘\MTS_CSI\Op|
Ramp Time | - 4 01 |

_— Browse for
Input MTS CSI

Ramp Time config file

Define Control | MTSCsi

T A

T

0 A AT A

'

i

W

|

Ll

Ty

!

|

!

]
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o

Version 1



Select . ot
1 = : In order to ensure stability when using the
An a Iys I S Wite TC1. File ] explicit Newmark method, dt must be less
than the indicated maximum value.
[ Generate Report &J\ >

/ Whould vou like tn animate the resnnnse?
@\ No

7

it

Click here Optionally
to write Generate
TCL input « Report




Structural Output

m [E=mEENTS)
File | MATLAB Menu

Structural Output

___________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________

________________________________________

______________________________________
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------------------------------------

__________________________________________________________________________________________________________________________

_______________________________________

____________________________________________________________________________________

---------------------------------------

____________________________________________________________________________________________________________________________



_Error Monitors: dispError and FFT

File Help | MATLAE Menu

[ Displacement Error
S ow 4. | »
e y| Flots the errar between measured and command
';; dizplacement over time. & positive eror means
2 0 i the measured displacements are greater than the
8 . comesponding command values.
2 -0.02 ‘ | 1 - ]
(=]

Time [sec]

Bl Plotz the founer amplitude of the error and can be uged to
100 identify the dominant frequencies in the error zignal,
c
5 10 OK
b | ok |
:‘; = 148 Hz
2
E
&
5
£

150
Frequency [Hz]



_Error Monitors: Subspace Plot

rmor Monitors

N :

File Help | MATLAE Menu

o

n Measured v. Cummand...l —

Plots meazured and command dizplacements.
I & line at 45 degrees indicates perfect tracking. |
Leszs than 45 degrees means the responze is

undershooting, while more than 45 degrees
means the rezponze i overshooting. [f the plot
traces out an ellipze counter-clockwize, the
rezponze iz lagging behind the command values.
Similarly, a clockwize elipze indicates a leading
[EZpOnse.

Measured Displacement [in.]

-15 -1 05 0 0.5

Command Displacement [in.]



_Error Monitors: Tracking Indicator

I
Real-Time
—————— 10-Times Slower

0.4 A rn Tracking Indicator [ — ilg1

ghould be taken when the rezponze iz negative,
az the system can become unstable. An
increazing line shows responze lead while a

0.1 decreazing line shows lag.

=
w 0.3 .
o Dizplapz the area under the measured va.
"E || command displacemnent plot. & positive plot i
-_ indicatez added damping in the zystem, and a
2 02 negative plot means less damping. Caution
S
oy
}_

15
Time [sec]




OpenFresco
Website




http://openfresco.berkeley.edu

N
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USERS DEVELOPERS DOCUMENTATION REFERENCES COPYRIGHT

HOME Search
OpenFresco (the Open-source Framework for Experimental Setup and Control) is an
environment-independent software framework, that connects finite element models with
control and data acquisition systems in laboratories to facilitate hybrid simulation of Menu
structural and geotechnical systems.
= Log in
Hybrid simulation is an experimental testing technique where a test is executed based on = Register
a step-by-step numerical solution of the governing equations of motion for a hybrid
model, formulated considering both the numerical and physical portions of a structural Downloads
system. In order for the earthquake engineering community to take full advantage of
this technique, OpenFresco standardizes the deployment of hybrid simulation and OpenFresco
extends its capabilities to applications where advanced numerical techniques are utilized, OpenFrescoExpress
boundary conditions are imposed in real-time, and dynamic loading conditions caused by OpenSees Navigator

wind, blast, impact, waves, fire, traffic, and, in particular, seismic events are considered.
Accordingly, the architecture of the OpenFresco software package provides a great deal
of flexibility, extensibility, and re-usability to the researcher or developer interested

in hybrid simulation.

«q[m' b
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Ipen Fres

DOCUMENTATION REFERENCES COPYRIGHT

HCOME il EEHE‘h DEVELOPERS

OpenFr

USERS

OpenFr
OpenFresco and OpenFrescd P oped to allow users to conduct

Search

connect finite element models with
extensible manner to facilitate Menu
H simulations of structural systems.

hybrid simulation tests. BotHSERE P
laboratory control and data
performing local and geogrg

m Log in
OpenFrescoExpress is a self-contained software package, including a easy-to-use = Register
graphical user interface, that facilitates hybrid testing of systems hawving up to two
degrees of freedom. OpenFrescoExpress addresses the needs of a wide range of users

Downloads

including:
OpenFresco
= |aboratory staff and research students learning about hybrid simulation and starting to CpenFrescofepress
use this experimental testing method. OpenSees Mavigator

» staff and students at laboratories that regularly use hybrid simulation but desire a tool
for quick demaonstration of the hybrid simulation testing method.

» researchers who are conducting simple testz and would like to take advantage of a
graphical user interface that quickly and easily displays useful real-time test data. |

= graduate students and researchers who are not at a laboratory but wish to run the ‘JJ ii'
software as a pure simulation tool to learn more about hybrid simulation and how it I | I
works.

OpenFresco is a robust middleware software package for performing hybrid simulations PEER
involving numerical models, test specimens, experimental setups and loading conditions

that are larger and more complex than those considered by OpenFrescoExpress. It

targets researchers, graduate students and laboratory staff that are more experienced in

the concept and application of the hybrid simulation method. It is suited for advanced

hybrid simulation when the users have analytical model and/or experimental specimen

configurations that exceed the capabilities of the OpenFrescoExpress version, and/or

have the desire and need to create their own custom graphical user interface.

A S4720-1732 - (310) 642-3437 - peer_center@berkeley.edu




Developers

N

L/

HOME USERS EHANRel=ie] DOCUMENTATION REFERENCES COPYRIGHT

SVN =V b Search

The OpenFresco source code is stored using the Apache Subwversion (SVN) software. SWN
provides the means to store not only the current version of a piece of source code, but a

record of all changes that have occurred to that source code over time and a record of Menu

who made those changes. The use of SVN is particularly common for software projects

with multiple developers, because 5VN guarantees that changes made by one developer = Log in

are not accidentally remowved when another developer commits changes to the source

= Register
code. For the OpenFresco software project anyone can check out the code via g
anonymous SVN access, but only trusted developers have the ability to commit changes
. . Downloads
and additions to the code repository.
SUBVERSION REPOSITORIES @ OPENFRESCO @ Openfresco  [=] |6 calm [x] G English - English [

Getting the Code

To download the OpenFresco source code from the repository yo
on your local machine first. ¥You can download 3VN for all major ( (root)/trunk/SRC - Rev 332 rev | HEAD || Go
Linux, Windows, and MacOSX. If you are working on Windows, th
iz particularly nice and easy to use. It lets yvou control SWN functi
menus as you navigate the file system in Windows Explorer.

dRev 329 | o7 Last modification | ¥ Compare with Previous | =] view Log | EJ RSS feed

LAST MODIFICATION Path Last modification Log RSS
Once you have SVN installed, you can download the OpenFresco | oo 220 2012-06-15 10:50:44 7] (- branches/ 288 589d 07h hongkim [HLog B RsS
e tags/ 206 1042d 05h aschellenberg [E Log B RSS
Author: aschell [T = trunk/ 332 12d 11h aschell | Log E3 RSS
SVR O SV u/usr/laocal/svn/| Log message: [0 . [ EXAMPLES/ 321 312d 23h aschellenberg [E Log E) RSS
updated copyright information [ 6uis 332 12d11h aschell | Log £ RSS
|| MAKES/ 314 40Zd 08h aschellenberg = Log EJ RSS

The checkout command makes a local copy of the entire OpenFr

O

e

] [ SRCS 332 12d 11h aschell |ILog £ RSS
your current working directory. By requesting .. ./OpenFresco/ B

]

[

R [ WIN3ZS 329 159%d 00h aschell B Log EJ RSS
development trunk, which should have the latest stable source oo _
COPYRIGHT 33z 12d 11h aschell B Log EJ RSS
_ Mmakefile 314 402d 08h aschellenberg [ Log EY RSS
Browsing the Code
You can browse the source code online using Web3VWN. The appli Compare Paths

the-minute view onto the OpenFresco repository that has been ds
Subversion methodolegy. You can view the log of any file or dire
tl'_le files changed, added or dgleted in any given revision. You ca ot by WeBSVH [£runk] and Subversion 1 6 11 YHTML & €55
differences between two versions of a file so as to see exactly wh

particular revision.
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Example Manuals

Andreas H. Schellenberg
Stephen A. Mahin
Gregory L. Fenves

University of California, Berkeley

OpenFresco Example Manual 2.6 - LabVIEW
OpenFresco Example Manual 2.6 - LS-DYNA
OpenFresco Example Manual 2.6 - Matlab
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OpenFresco User Discussions

If you have questions on how to use a certain feature of
OpenFresco, or how to define OpenFresco objects in your
hybrid model using the TCL language, then this is the right
place to discuss them with other OpenFresco users.

OpenFrescoExpress User Discussions

If you have questions on how to use a certain feature in
the graphical user interface OpenFrescoExpress, then this
is the right place to discuss them with other

OpenFrescoExpress users.

Hybrid Simulation Discussions
Here you can discuss anything related to hybrid simulation,
such as planning for a test, executing a test, assessing

accuracy of results, collaborating with others, etc.

Framework Development

If you are a developer and would like to contribute to the
OpenFresco source code, please discuss questions you

might have or make comments here.

Script & Model Database

If you have a script that could be helpful to others
conducting hybrid simulations or you have a cool model
that you are really proud of and you would like to share it

with the community, then please post them here.

Simulink Models
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1
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Summary & Conclusions

+ Hybrid simulation inherently requires
close collaboration amongst experts from
many different fields.
= Structural behavior
= Laboratory testing and control
= Computational simulation
= Information technology

+ Hence, hybrid simulation fosters
collaboration and communication among
distant researchers in different labs.

N
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Summary & Conclusions

4 OpenFresco, the environment-independent

software framework for the development and
deployment provides an excellent platform for
this collaboration (on-site and geographically
distributed)

+ The modularity and transparency of the
framework permits existing components to be
modified and nhew components to be added
without much dependence on other objects.

+ Speed up HS from beginning of planning until
end of testing

N
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Summary & Conclusions

"+ Large libraries of hybrid simulation direct
integration methods, experimental
elements, experimental setups, controller
models, and event-driven solution
strategies are available to the researchers
to choose or adapt from.

+ Needs:

= More user feedback on refinements and new
features

= Developer contributions to extend libraries

N
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Questions?
Thank you!

\ ‘ \)\N&)\/\/

B e

http://openfresco.berkeley.edu/

The development of OpenFresco has been sponsored in
parts by the National Science Foundation through grants
from the NEES Consortium, Inc.
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