Author: Alex Vostrov
Thesis Supervisor: Tamara Munzner
Co-Supervisor: Ken Elwood

EqgkVis: Visualization
For
Earthquake Simulation Data

The UBC Department of Civil Engineering performs tests omcaires to
determine their response to earthquake-like events. Test spetikeenalls and domes
are rigged with measuring instruments and then are shaken on daliakeData can be
of varying types (acceleration, displacement, etc), colldayedarying instruments. The
resulting data are recorded by a software package and cauifg as a computer file.
The resulting file was a human-readable table of data valokscted during the
experiment.

The standard process for analyzing the experiment data would be quit
inconvenient for the user. First, the user would have to modify tipaitolile by hand to
a format that could be accepted by MatLab. Then, the user couigutae the output
as a matrix in MatLab. MatLab was not ideally suited forghecess of data analysis.
While MatLab offers powerful tools for mathematical manipulatibms not specialized
in the area of data visualization. In addition, there was the pnobleontext. Once the
data was imported into MatLab, it ceased to be instrument datéuaretl into plain
numbers. For large data sets, this put a strain on the abithe ofser to remember what
the particular data vectors signified as there was no waynkottie numbers to the
experiment within the program. Altogether, while MatLab providedg to accomplish
the things that the user needed, it was a time-consuming difficult process.

For my honors thesis we created EgkVis - an application designsgideimline
the display and analysis of data generated by earthquake testslesigned to enhance
the workflow of the user by providing domain-specific tools thatem®y and quick to
use. In addition, the user is given the capability of linking the ttathe experimental
setup, providing a context for data analysis.
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Figure 1: EqkVis Design

The system accepts 3 sources of data, as shown in Fig. 1. Stheofirce is an
AutoCAD drawing of the specimen. This drawing is used by Egjk¥iprovide the user
with visual context for the instrument data. The second sourceagpamted file from
the lab software. The third source is a file describing whaexperted file contains.
The data is processed in two tiers. The first tier expdata from AutoCAD into an
Extensible Markup Language (XML) file format that is readddylehe EgkVis program.
The second tier is the EgkVis program, which accepts the exportethgralata and
data description. The EgkVis program is the piece of the systdrs trtesponsible for
visualization, analysis and manipulation of the data. The reason forimpabss
structure was twofold.

The first reason was that the structure of the AutoCAD forsianot readily
available to developers outside of Autodesk. This presents the imengdoblem of
simply acquiring the drawing from AutoCAD. AutoCAD does offer salveaxport
options into formats such as 3DS, but the process of exporting a draatongne of
these formats removes important data from it. One examplesgribiblem would be the
simplification of parametric shapes such as circles and spliBash a shape could be
subdivided into line segments, rendered into pixels or even removed altogether.

The second reason for creating a two-tier system was theemihieenefits of
having an intermediate format for the drawing. This buffers thé/Egbrogram from



changes in AutoCAD. If Autodesk decided to modify the AutoCADwiirg format,
EqgkVis would be no longer be able to load it directly. By havingheermediate format,
the potential impact of AutoCAD changes would be limited to the esporfnother
benefit of having an intermediate format is the possibilityupip®rting another type of
Computer Aided Design (CAD) program. While AutoCAD is strorggiyrenched in the
market, it may be in the future that another CAD program beconeelswidely. In that
case, the only changes to EgkVis that have to be done is #imoref a special exporter
for that new program. The code EqgkVis program would not be affectéaehyeed to
interface with new software.

Since the AutoCAD format is not available for public examinationtirvg an
external program that converted it to another format was impossilthe only other
solution was to examine the features AutoCAD provided to developerseibr
modification. Fortunately, AutoCAD provides several ways for devetofmeextend it.
Developers can write macros that are interpreted by Auto@hBdme effect. The two
outstanding methods for making a macro in AutoCAD are to writd$® or write it in
Visual Basic. Of the two alternatives, Visual Basic was ehdsecause of its clear
structure; the LISP alternative was less suited to writing an exporter.

One big problem that had to be solved was the recognition of instruarehtbe
acquisition of their coordinates. Engineers use certain symbdie idrawing to mark
the positions of instruments. Unfortunately, there is no universaiititai for the shape
of the symbols, nor is there a way to quickly distinguish them framerotlrawing
elements. Unfortunately, that implied that EgkVis would have to rezedhe symbols,
somehow out of a jumble of other drawing elements. This appeateel aodifficult
problem that preferably would not have to be dealt with in the projéwt.final solution
was to insert special data into the drawing elements thatseegesl the instrument. In
particular, AutoCAD allows one to associate a URL with a drawing elenWwetdecided
that to mark a symbol as an instrument, the URL would be setgecsabvalue. That
way, EgkVis can differentiate between simple drawing elements and instraymebols.

The second tier of the system is the EgkVis program, whictugke interacts
with to visualize, manipulate and analyze the test data. Hrenuder’s point of view,
interaction happens with three different windows: the drawing v@et view and
instrument editing. The drawing view enables the user to viewekperimental
specimen drawing and the instruments attached to it. It allmevsger to connect data to
its source instrument, making work with instrument data more wguitiThe drawing
view also has the potential to provide the user with positional infmmabout the
instrument (although this feature is currently unsupported). Tdtevigw enables the
user to display the instrument data in a variety of ways. The user &anstaadard Data
vs. Time plots or parametric plots of Data vs. Data with the opfitvaving several plots
in the same window. The instrument-editing module allows the wsenanipulate
instrument data. In particular, the user can create linear comobisiaof existing
instruments. The user then can plot the new “composite” instruinerdgaime way a
regular one could be plotted.



EqgkVis accomplishes its goals of workflow simplification in sevevays. First,
the user is not forced to edit the instrument data files by haedprogram can read
output from the lab software without any help. Unlike MatLab, Eqivavides the user
with instrument names and organizes data from multiple expetsmeEqkVis also
enables the user to create linear combinations of instrumentsimtuéive fashion and
the data that is produced by this process is easy to plot. logdtjsEallows the user to
connect the data set to a drawing for context. While therenmse svork needed to
prepare the drawing for the program, the user can choose how mamyigttuments to
label. The user can thus receive a proportional benefit to the work preformed.
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Figure 2: Starting Screen

After EgkVis is started, the user is presented with theercas illustrated in Fig.
2. The work area is virtually empty, with the exception ofltistrument Listwindow.
This window allows the user to see what instrument data haddmesed. It is organized
as a tree, to allow the user to distinguish between instrumentiatamdets. This enables
the user to load several sets of data from multiple experimemalthat involved the
same instruments. Finally, the window contains the spé&&wahthetic group which
contains artificial data sources sucklcamposite instrumentend theiime instrument
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Figure 3: Creating a data set file

The first thing that the user will have to do when workindhwiew data is the
creation of a nevdata set file(DTS file). These files describe which instruments were
active during an experimental run. To make a new DTS file, tee gi®uld open the
File menu and seledflake DTS File EqkVis will ask the user to select an ASC file that
has been produced by the lab software. After the ASC filmatyzed, EqkVis will
display theDTS Exportewindow as in Fig.3. This window allows the user to specify the
instruments that were active during the experiment and specifgna faa the data set.
After the user has disabled the appropriate instruments, they shioklthe Export DTS
button. This will create a new DTS file in the same locatitrere the ASC file was
present.
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Figure 4: Loaded Instrument Data

After a DTS file has been created, it can be loaded byggdoiRile and selecting
Load Data EqgkVis will load the DTS file as well as the linked AS fand update the
Instrument Listwindow to something like Fig.4. After the DTS file is loaded, uker
can display and manipulate the new data. Rsgument Liswindow allows the user to
manipulate instruments by right clicking on them. For examplectagg Plot vs. Time
will display a plot of the instrument against time.



Figure 5: Plots

After instruments have been loaded, the user can create pltitemof either
against time or each other. Making a plot against time isithgler of the two. All the
user has to do is right click the instrument and sdbut vs. Time The other way to
make a plot against time is to make a parametric plot witlsgkeial time instrument as
one of the components. Making parametric plots is a little biencomplicated, but
gives the user a great deal more power. The first stepcieate an empty plot window
by going to the~ile menu and selectingew Plot Consequently, the user has to add a
new plot to the empty window. The mechanism for doing this is reatiple. All one
has to do is drag the desired instruments into the plot view. Forpéxato make the
parametric plot in Fig. 5, one has to first d@g10-TopMidinto the window and then
SP18-TopS The first instrument dragged is set as the X-axis and tundes the Y-
axis. When both X and Y axes are set, a new parametricspémtded to the window.
The user can create as many plots in one window as needed imathiasMong as the
units of the axes match those of existing plots.

The plot window has simple controls. The user can drag thevlothe right
mouse button. The left mouse button allows the user to zoom using@osel®x and
the mouse wheel changes the zoom level. The plot window also dalbar that allows
the user to manipulate the plots within. The plus and minus buttons thkowser to
zoom in and out. The S button changes the zod8tandardmode; this ensures that all
plots are completely visible. The last button allows the wsexport the plots as a text
file.



Figure 6: Composite Instrument

The user is not limited to manipulating raw data from experigner linear
combination of instrument data can be created in the fornCohgposite InstrumentTo
create a composite instrument, right click in tmstrument Listand selectNew
Composite InstrumentA new instrument will be created under ti&yntheticgroup. If
one right clicks the new instrument and sel&xtg Composite InstrumeniheComposite
Instrumentwindow will appear. This window allows the user to see whainaposite
instrument is made of. Initially, composite instruments have no edastruments.
However, if an instrument is selected in thetrument Listand theSetbutton pressed, a
new instrument will be added to the composition list. Instrumentdbeateleted from
the list by right clicking and selectigelete Finally, the coefficient of the source can be
modified by selecting the instrument, typing a new coefficianthe edit box in the
bottom and clickingset Finally, the name of the composite instrument can be modified
by changing the text in the top edit box. When @mwmposite Instrumenwvindow is
closed, the changes to the instrument will be applied. If a cotapastrument is no
longer needed, it can be deleted by right clicking on it inriegument Listand selecting
Delete Composite Instrument Figure 6 shows an example of how the composite
instrument system can be used to create a difference plot betweenstruments. One
of the instruments has a coefficient of 1 and the other has acemdfiof —1. Note that
one can make composite instruments that are made of other compAsitesg as there
is no self-reference, an instrument can be added as a source.



The user can save and load composite instruments. To save, righincthe
Instrument Liseand selecBave Composite Instrument$o load, go to th&ile menu and
click Load Composite InstrumentsThe instruments will only be successfully loaded if
the data files that they refer to are loaded beforehand.

Figure 7: The Drawing View

Finally, the user does not have to use Itiegrument Listto select instruments.
The drawing view can provide the user with visual context forunsnt data. If the
user has a drawing that has been exported out of AutoCAD by ploeterx EqgkVis can
load and display it. To load the drawing, gd-tle and selecNew Drawing EqkVis will
ask for the location of the file. After the drawing is sustdb/ loaded, theDrawing
View will appear as in Fig. 7. The controls for this window areilamto the plot
window, with the exception that the box zoom is not available. Ifitheiing contains
instrument data, then the instruments will be marked in red, alipthi@ user to select
them. If the corresponding data instrument is loaded, it will bisselected in the
Instrument View The link also goes the other way; if an instrument is ®zleict the
Instrument Listit will also change color in therawing View.



As can be inferred from the design, the implementation of thersyis broken
into two pieces of software: the drawing exporter and EgkVis. Ejievthe larger of the
two by far and the more complicated. The exporter is a relatsteaightforward
AutoCAD macro in Visual Basic. At a fundamental level, tkpogter iterates through
drawing elements in AutoCAD and outputs them into an XML file. @&kgorter also
outputs layer information and block information. Layers are usegptoae the drawing
into several groups that could be turned on and off separately. Bl@&ckslkctions of
drawing elements that can be instanced in the drawing. Forpéxaan instrument
symbol can be defined as a block once and then instanced multipte tifilne top-level
drawing is actually just a big block itself. It should be noted tha exporter only
outputs a subset of possible AutoCAD object types. While AutoCAD sigpporariety
of complicated of 3D and 2D objects, the exporter limits itgeffilnple 2D objects such
as lines, circles and arcs.

EgkVis can be subdivided into 3 major subsystems: the window subsyltem, t
test data subsystem and the drawing subsystem. The window subsysésmonsible
for presenting the user interface (Ul) to the user and foatinigg the commands that the
user requested. The test data subsystem is responsibletfomigst data input/output
and storage. The drawing subsystem is responsible for the loadingresehting
drawings and for storing data about drawing instruments.

10



CTestDataSetlist

I
- A
CTestinstrumentlist i CHaselnstrument i &
 J
7 7 _ e
o = L= CTestDataSet
| |
| | T
! ! ri
I I W
wl . - —
= CTimelInstrumeant CTestDatalnstrument & CTestData
7 o.* T
fF-— i

CCompasitelnstrument

¢

CCompaositelnstrumentList

ClnstrumentChangeDispatcher k& - - - - - - ————— — — — — T ===

KmitwriteHeiper {— ———————————
Figure 8: TestData Subsystem Class Diagram

The test data subsystem deals with instrument data 1/0O andyestordhe
fundamental class in this subsystenCBaselnstrument . This abstract class defines
the interface for a data instrument and provides some elememtgigmentation.
Basically, a data instrument is a collection of valuesdbpend on time. The instrument
has anameand adata set naméhat identify it. The name is the name of the instrument
across all experiments, while the data set name is the nathe pérticular test during
which the data was collected. The instrument also masiamumanddelta timevalues.
The minimum time is the first time value when the instrumenaime active. The delta
time is the sampling resolution. The instrument also has afl@her instrument that it
depends of and a list of instruments that depend on it. TheseXist to make the
tracing of dependencies possible for composite instruments.

CTimelnstrument and CTestDatalnstrument are  concrete
implementations ofCBaselnstrument . CTestDatalnstrument at its core
provides access to a vector of values that were recorded byalbhequipment.
CTimelnstrument s slightly different, in that its data does not span angefitime
segment and it has a delta time conceptually equal to infirthg program
implementation uses the largest possible double-precision floating-walue to
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represent this fact. Its data values are in one-to-one relapomath time. This
instrument type exists to make plotting instruments againsteasier, since EgkVis can
treat plots against time as parametric plots. Since p#ianpots are sampled at the
lower delta time value of their componentSsTimelnstrument has the highest
possible delta time value to ensure that the plot is samplduae abther instrument’s
resolution. CCompositelnstrument is similar to CTestDatalnstrument in
construction, but it also provides ways to linearly combine other mstits. While
CCompositelnstrument also has a data vector, the vector only serves as a cache for
computing the linear combination. If the inputs of a composite instruare altered, it
will recompute its vector. The test data subsystem providesasdiges for keeping track
of various instrument types.CTestInstrumentList is the master list of all
instruments, basic or composite.

The last part of the test data subsystem is the input mesainaCTestData is a
class that opens a data file, parses it and creates the appropria
CTestDatalnstrument objects. However, before that can happen,
CTestDataSet must load a data set file and provid€estData with a list of active
instruments. This is needed because some instruments are tdrdednaf tests, but the
lab equipment still records their signal.

Last, there are two classes that are outside the testsdbasystem, but are
strongly related to it - ClnstrumentChangeDispatcher and
ClinstrumentChangeObserver . The dispatcher relays changes in the in the
instrument list to the observers. Events like instrument additiomval, selection and
renaming are tracked. The observers override empty implenoaigtatin
ClnstrumentChangeObserver with custom functionality that responds to these
events. This is used heavily by the Ul to keep the displayed instrument list up to date.
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Figure 9: Drawing Subsystem Class Diagram

The drawing subsystem is responsible for the input and displayawindys. It
also keeps track of instruments that have been labeled on the draltiadasic idea of
the drawing is that each object is responsible for displayingl@ading itself. To
establish common functionality between drawing objects, the absithass
CDrawingObject  exists. It is capable of loading common XML data and setting bas
things like color. It has two classes that are connected ©dutlor and CBBox
CColor is a class that describes the color of a drawing objedtast additional
capability to deal with AutoCAD color representatioBBBox is a bounding box class
and is used for representing the maximum extents of an objest, édch object has a
block and alayer that it belongs toCCircle , CArc, CBlockRef , CLine and
CPoint are all concrete implementations @DrawingObject . Each of them reads
specific data that is relevant to their object (like radius)iemgements a way to draw
the object. Most are self-explanatory, liiBlockRef requires a bit of clarification.
The class references a block, which is a collection of draalpects. The&BlockRef
is an instance of that block in the drawing. This could be used f@ngisg repeated
patterns in the drawing.
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CDrawing is a top-level singleton that is the access point for outside.clt is
responsible for loading the drawing, storing and displaying it. adamplish this, it
passes on some responsibility@Block andCLayer . Both of these can be thought of
as ways to group drawing object€Drawing opens the drawing XML file, finds all
layers and blocks and asks them to load their part of the XML. Gudasidy, CBlock
and asks the CDwgObjectFactory to make an appropriate subclass of
CDrawingObject  from sub-elements. After everything is loadedDrawing
analyzes the drawing elements and groups them into instrumehgsingiruments are
yet another way to group drawing objects and are represented by
CDrawinglnstrument class. They also contain some position data, although that is
currently unused. After loading, the rest of the application ca€Bs&wing to display
the drawing, in which case the objects use OpenGL to draw th&sseThe caller still
needs to set the matrix stack correctly to focus on a pareafrawing. CDrawing can
also query whether the user picked anything by projecting thraygh the scene. This
is used to detect if mouse clicks hit an instrument.
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The window subsystem is responsible for the user interface asdhasstandard
Win32 Multiple Document Interface (MDI) window style, to allow suimdows inside a
larger parent window. To understand how it works, one must has someduaukg
knowledge of Win32 API. While minute technical detail of how the windalsystem
uses the API will not be discussed, a general descriptionbwijprovided. The main
problem of programming well in Win32 API is its lack of support @bject Oriented
Programming (OOP). Since every window requires a callbaakg tgn object and a
window together is difficult. Fortunately, the window subsystem sols. The
general method is that window creation is intercepted with Win32h&Bks and the
object address is recorded in the window reserved storage. Whemnttev calls its
callback, it retrieves the linked object and calls the window proeedurway that
consistent with Object Oriented (OO) design principles. E€kaltris an OO windowing
system. One thing to pay attention to is that windows can beogedtrbut their objects
still persist in an inactive state. For this reasowindowFactory is responsible for
the creation windows and the destruction of window objects. Evegy diwindow is
createdCWindowFactory cleans up dead window objects.

CBaseWindow is a basic abstract class that sketches what an OO wiralow ¢
do. The limited features include things like creation, destru@iuh the provision of
some information about the window that the object is linked to. The ssbsla
CDialogWindow andCMDIChildWindow implement the creation for their particular
window types. The dialog creates a top-level dialog from souree and
MDIChildWindow make an MDI child window; neither of these classes is designed
be instantiated. Their subclasses implement the actual fundyof@lithe windows.
CDrawingWindow implements the ability to display a drawing, providing the interfa
for things like selection, camera panning and zoomi@glotWindow implements the
plot display of data instruments; it us€®lot to keep information of the individual
plots and to draw themCIinstrumentListDialog implements a dialog with the list
of all instruments. FinallyCCompositelnstrumentListDialog implements the
Ul for editing composite instrumentsCMDIDialogWindow is a special “container”
window that enables dialogs to be loaded as MDI children. The final twaeslagerform
unique functions.CMainStatusBar  controls the status bar in the MDI window and
CPlotDragNDrop provides storage for dragging instruments in between windows.
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As with most other pieces of software, EgkVis was built undeg tionstraints.
While it represents a significant improvement over current psesem earthquake test
data visualization, it was not meant to be an exhaustive impletioent possible
improvements. It is more appropriate to view EgkVis as thedtege in improving the
workflow for earthquake simulation data analysis. The limited sobj#kVis covered
replacing existing tools that were inadequate for the tasks fas been accomplished
successfully by replacing each stage in the previous workfliblva custom component
in EqkVis.

EqgkVis contributes to two major areas. The first is to simpprove the existing
workflow by providing custom-built tools. The second is to change tlyetheaproblem
of earthquake data analysis is viewed. Hopefully, as theigosded in the future, its
users will be challenged to come up with new ways to improve the workflow. Byngna
simple activities like creating a difference plot easiee, isers will be freed to consider
more complicated tasks that could be done with a more powerful toothid way,
EqgkVis also lays groundwork for future improvements to the procesarttiquake test
data analysis.

The completion of EgkVis solves many problems in earthquake teshmukalzsis,
but it also suggests future directions. With more time, EqkVisddoelmade more user-
friendly. In addition, there are several possible new directions for expanding EgkVis

During the development of EgkVis, great care has been taken tie ovel-
designed code so that extensions can be added easily in the flEuen so, the
implementation could be improved. One particular area that did natigetssed due to
time constraints was the addition of informative error messagagently, if there is an
error, the precise cause will not be necessarily obvious. Ahwtask would be to go
through all possible errors and to add a better error systemptbaides more
information. Another thing that could be done is the refactoring odevi code.
Currently, the window procedures in the widow classes resemdmelastd (non OO)
window procedures. If would improve the code considerably to break thage la
functions down into smaller pieces to make them more readable.

In addition to improving existing code, many new features coulddoed with
sufficient time. The first on the list is non-uniform scalingftots. Currently, plots are
always drawn in a one-to-one relation between axis scale@guld be useful if the user
could change this to a different ratio using something like th&tiegx box selection
interface.

Another improvement to the plot view would be the ability to edit @mdore
plots. Currently, the user is committed to his previous plot choitfethe user could
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change existing plots, for example changing plot order, theseiatefies would be
resolved.

The final plot feature to include in the future would be the additioa time
indicator. Currently, time data is hidden in parametric plots (artiese is one of the
axes of course). A valuable addition would be an ability to accherérhe value from a
particular parametric plot point.

Some of the possible improvements are purely cosmetic, but would imieve
user experience. One would be the addition of an options screen. e aoplot
elements are currently modifiable, for example, but the usendasgay to access this
functionality from the interface. Another improvement would be talesgn the
interface for the composite instrument window. It makes much semee to give the
user the ability to drag instruments into it; similarly to thay the plot view operates
now. In addition, theSetbutton could be removed, making the edit boxes modify the
linked values automatically when their value changes. Another &fgehwould be the
ability to drag instruments from the drawing view. Finally, phegram could use a brief
introduction screen with some sort of graphic that displays faewa deconds when
EqkVis is started.

Besides relatively minor improvements above, there are sewejal features
that could be added to EgkVis. One of the major features would be ti tabview
video data inside EqgkVis. If EqkVis could load videos, the user could obszveled
footage of the earthquake tests and match it to the data in the glatgher major
improvement would be the ability to load 3D drawings. This would involve
improvements to the exporter and the drawing view. The final major change wowd all
the user to access distance data in the drawing files. Cuyrré&uggkVis can identify
instrument position using data embedded in the drawing by the expodesmver, there
is no way to view that data or calculate something like the riistdbetween two
instruments.
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Data analysis for earthquake tests was difficult and cumimers The process
involved using general tools such as AutoCAD and MatLab to manipulateisralize
the data. Since none of the tools were specifically designetidortasks, the process
involved editing source data with a text editor to turn it intemegic representation. We
created EqgkVis to streamline the workflow for earthquake data ssalyEgkVis
provides several tools that replace the elements of the previoeesspr EgkVis enables
the user to load the lab software output files without any manaaipulation and to
organize them according to name and data set. The user can combine the insthahent
have been loaded into another instrument using linear combinations. Fisayly
instrument can be plotted either against time or another instrurienprovide the user
with visual context, drawings can be exported from AutoCAD usingxaoriger. The
drawings can then be displayed in EgkVis with the option of presemstgiments in
the drawing to the user. Using the above features, EgkVis proeawlestegrated
collection of tools to replace the general tools that were usethéoyprevious work
process.
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