Our &periments with the spatialisation of directional data are still uradefihe Responge Workbench has terspeakrs,

one on each side, aboutdwnetres apart. This set-up al®two or three people to hear direction in about a @etearc in

front and answer in terms difleft, left, middle, right,dr right. In tests on an 8 channel surround sound system in the Cyber-
stage we found it s dificult to male answers about the direction at all. The directional cues are smeared by the acoustics of
a lage arerhead mirror and hard floor which produce a lot eéreeration in the 3 metre cubed room. When we reduced the
configuration to the four @er speakrs it was at least possible to hear horizontal directioresaldb found that only one per-

son at a time could use the spatialisation because other people in the space occludectise Apsmdiltion could be traell
headphones and binaural rendering to generate mact gpatial sound.
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lens to ind the step change boundaries of the reserVhe possibility to use sound to obtain the same information is then
demonstrated. First theittial Geiger is used to re-camh the gamma boundary with local sweeps of the probext e
capability to gve ordinal answers to questions about thellef neutron is demonstrated by probing the blue highl lgel-

low low-level and grg mid-level regions with the Yftual Geiger to hear {8, medium and high iels from the Geiger sound.
Next the capability to answer questions aboud attritutes at the same time is demonstrated by switching on the density son-
ification and probing the blue and y&lloegions to hear the Vels of each attrilite. The nominal diérence between rocks

and @s is demonstrated by probing the blue-yellmundary to hear a distinct nominal change in timbre. Finally the capabil-
ity to male queries on all threeaviables is demonstrated by switching on taenma and probing the rock g boundary
where a nominal change inerall timbre and simultaneous step increaseaimma can be heard.

The third demonstration isask-in-progress whichx@ends the reseoir scenario with a spatialised sonification of directional
well-log data. Directional well-logs include stress-directions, the direction of borehol@btreakhe orientation of sedimen-

tary layers. The spatial soigi&tion places the virtual sound souregag from the user in the direction in which the data
points. Local queries are made with thetél Geiger probe. Thisevk explores the idea that the spatial sound could/@on

spatial correlation and spatial patterns which are important in well-log interpretation tasks. If the direction of the data corre-
lates well there is a clear sound from this direction. Less well correlated data produce afoswrspktial ééct which tends

toward ambient. Spatial patterns,wltrends and sudden breaks in the directional data along the well-path could be heard, for
example while sliding along the well-path from top to bottom, the user might hear the sound-satingearaund from SW

to NE and than mang dovn. Suddenly there is a break, and the sound is coming from 8W. ag

EVALUATION

The goals of our project were to demonstrate sonification applied to oibar&pipration, preide experiences of sonifica-

tion for domain gperts, degelop useful sonitations to support importanubdifficult tasks, and to transfer kwéedge to
software deelopers. VB addressed these goals by demonstrating the Regp@msiifcation of Well-logs to mag hundred

of people at summits on oil andge&ploration in Europe and the U.S in the past trears. Most were able to pick up the
Virtual Geiger and use it to probe the test well-log almost immediately after the short demonstration. People seem to readily
understand the tool-based 3D manipulation of 3D objemrts quickly Some hee trouble with the litton on the stylus until

it is explained in terms of a mouseiton which is held den to pick objects. Explaining the sogdtion as a “Geiger
counter” is much quigkr and easier tharxglaining in terms of auditoryariations. Explanations such as “when the data is
high then the pitch is high and the clickingastf generally require more discussions and atatibns, prompt comments

such as “I'm tone deaf”, and can result in a refusal to try out the demonstration at all. People who do try the test ramps and th
reserwir scenario can usually readily answer questions such as “where antheaghigh or lv?”, and “are the neutron and
density tracking or separate in thigian?”. Havever we obsered that most people can only neatrdinal answers on a scale

of low, medium and high and finemigs of judgement may not be quick or easy to learn. People can lieaantiés between

oil, gas and rock Wt cannot correctly answer which is which after such short term use. During demonstrations we had
requests from nearby stands to turn the souwel owvn and disceered that the Mual Geiger vorks quite well in noisy
ervironments because the answers do not depend on hearing loudnassns. V& found that the sounds drgassers-by

and stimulate curiosity to try the demonstration axplae the data. Manpeople who hae nerer heard of sonitation

before hae nav experienced the concept through thigtval Geiger People who preously commented that tiidound it

difficult to imagine hw sounds could be useful in oil andsgeploration hae made suggestions for additional sonifications
after the tried it. One interpreter tested the sonification for more than thirty minutedfied/an gpected change in sonic
velocity at a point where an interpreted horizon passed through a drill-hole. After theviixgtmeeting the members of the
VRGeo consortiumated to continue research on sonification in the second phase of the project.

FURTHER WORK

Our longer termxperience with the Mual Geiger has raised maissues of human-computer interaction. Tingt fssue
involved the egonomics of long term usagensus the quickness of learning a direct iateef VW found that precise aiming

of the Mrtual Geiger probe to makiocal queries @as dificult with the hand unsupported in space. When xgegmented

with actual 3D well topologies we found fidulty steering along the long, thin, igelar drill-hole geometries winding
through virtual space. As an altermatiwe tested a 1D manual slider that better matches the task of probing a one dimen-
sional well-log (as opposed to its 3D geometry). The slider potentiomateattached to the stylus and you can use your
thumb to mee the probe along the selected well-log. A problem with jittering in the position due to the 8 bit resolution of the
slider potentiometer as owercome by relatie rather than absolute positioning. The probe itself still functions andsallo
gross absolute nvement to rgions of interest while the slider alis finer m@ements. The slider is more precise and more
comfortable for longer periods than the 3D virtual prol,idless direct and congruent with thietval Geiger metaphor
Another problem as the need todrt attention between the probe and control panel t@meaklocal queries on a point of
interest. IBr example once you lva homed in on aagnma peak you ka to mwe the probe onto the control panel to alter the
guery to neutron and densitgnd then try toifid that point agin on the well-log. W tried a tw-handed integce with

tracked stylus in each handityou still hae to shift visual attention to makhe switch. Possible solutions include placing a
semi-transparent control panel on the end of the probe, or dropping some kindefah#nk point of interest.
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Figure 6: Interface for testing perceptual segregation of timbre grain streams.

DEMONSTRATION

We huilt a demonstration of theiiual Geiger on the ResporsiWorkbench for
evaluation at a consortiumwiew meeting. The demonstration inte€ is diided
into three parts shn by three well-log visualisations withittial Geiger control
panels in front of each, as stiwin Figure7. The left most part is a training well,
in the middle is the te&-book resergir scenario, and on the right is attension to
the scenario in which additional directional well-logs are seaiby spatialisa-
tion.

The training well is made up of simple test sets that are easy to describe, u
stand and predict

e gamma - ramp from 0.0 to 1.0

« neutron - stepped ramp from 0.0 to 1.0 in 10 steps of Gelratice

« density - stepped ramp from 1.0vdoto 0.0 in 10 steps of 0.1 ffence Figure 7. Responsive Sonifications

A person who is demonstrating thétdal Geiger can use the training well to

introduce the intedice metaphothe sound design schema, and the capability to answer local, intermediate and global queries
by listening to sounds. A typical sessiomins with a description of the ResporesMbrkbench technologyollowed by an
explanation of the well-log interpretation task. The concept of thrkedsl®f information is introduced through the well-log
visualisation. A global erview is shavn by mapping thea@mma ramp onto the well-log visualisation as g gaenp from
dark at 0.0 at the top to light at 1.0 at the bottom. The local sfegamma is shean by maosing the graphing lens up and
down the visualisation. Intermediate relations betweendttritutes are shen by mapping the neutron log to blue and the
density log to yeller so that the visualisation appears blue at top passing throughtghee midpoint and becoming yello

at the bottom. The ixtual Geiger sound metaphor is introduced by selectargrga on the control panel to sensitise the
probe, and pointing it at the visualisation to produce dndlfar Geigeslike clicking sound. The correspondence between
variations in the sound andniations in the gmma log is established by sweeping the probe up amd the visualisation
several times, while the graphic of thamma is shwn on the sliding lens. Théekibility to sonify to other attribtes is
shawvn by selecting the neutron log which changes the nominal tinbiebps the Geiger metaphdhe metric of the soni-
fication is demonstrated by listening to thdeti&nces between equal steps of 0.fed#hce up and @ the neutron log.
Finally the possibility to listen to twattritutes at the same time is demonstrated by switching on the density log while lea
ing the neutron on at the same time. Intermediate relations betweerothtrtimtes are sorigd by sweeping the probe up
and devn and listening to the ay the sounds stream together into a single sound where the rampsverasstbe middle
and stream into tavdistinctly separate soundaay from this point.

The net demonstration slves the responge sonifcation of a well-log. The radiation log plots in thettbook reserair of
Figurel were used to generate synthetic log data &onrga, neutron and densifhe demonstration is ganised around
answering the questions in the information analysis from both the visualisation and the sonification. The visualigation sho
neutron mapped to blue, density to yelland @amma on the lens. This automatic colouring demonstrates the nominal
answer of gerall questions about what is in the dataset from the colouring into thfeedifrgions where blue at the top

and bottom indicates rocks, yellandicates gs, and grgindicates oil or \ater The level of gamma can be scanned with the



and rgions where both va similar levels are heard as a single sound stream. The listener can answer questions about the
ordinal level of two variables at the same time.

Theglobal question is
Q: what is here? nominal A: {oil, ater gas, resemir, rocks}

To answer the globalVel questions the listener needs to be able to disambigaste@ns (where neutron is high and den-
sity is low) from rock rgjions (where neutron iswoand density is high). @/huilt a palette of ‘timbre grains’ that sound dif-
ferent lut presere intermediate psychoacoustic properties gramtion and grouping. The timbres are re-synthesised
musical instrument spectrawlploaded as difformat audio files from the SHARC timbre database <http://sparkic.edu/
sharc/>. Tmbre grains are made by loading these samples into the tfog algorithm to ‘colour'ttted @eiger sound. The
samples were chosen toveaequal pitch and sharpness to equalise thasenfwjor influences on simultaneous grouping. The
samples were chosen from SHARC timbres of pitch Cdvshio Figure5b.

Critical Bands (ERBs)
10 » »

G 060 0.60 100

|

Sharpness f
Timbre (Acums) f»a
C trumpet (muted) 10.8 : O R
Bb-trumpet 53
english-horn 3.9 cello (pizzicato) => gmma
oboe 3.5 Critical Bands (EE2)
french horn (muted) 3.25 3 = = =
violin (bowed vibrato) 3.2 2%
flute 2.8 ?
trombone (muted) 2.75 i
cello (pizzicato) 2.6 —
trombone 2.5 —— Ry G)
violin (pizzicato) 2.5 trombone => neutron
bassoon 2.4
viola (pizzicato) 2.3 , Cuitioal ke (B0
bass flute 2.1 B ‘
french horn 2.1 g
tuba 1.7 E
contrabass (pizzicato) 1.7 i

uuuuuuuuuuu

By ()
bassoon => density

Figure 5: Timbre grain palette mapped to Geiger attributes

No three timbres h& eactly the same sharpneas bello (pizzicato) =2.6 Acums, trombone = 2.5 Acums and violin (pizzi-
cato) = 2.5 Acums are close. The gatécal timbre diference betweenag (neutron = 0.8, density = 0.2) and rocks (neutron
= 0.2, density = 0.8) as tested for pairwise combinations of these timbre grains, with theargeshan in Figure6. We
found it difficult to disambiguateas and rocks with the cello (pizzicato) and violin (pizzicato) p¥érarrived at a palette of
three distinct timbre grains by substituting bassoon for violin (pizzicato). The spectra of the timbre palette/aii@ sho
Figure5, along with the mapping toitual Geiger attrittes. This palette of timbre grains alothe listener to hear nominal
difference between g&ons of @s and rocks. The @#frences in timbre reduces thefeliEnce between attubes required to
cause sgregation from 0.25 to 0.15, and imp@s the capability to listen to more than one attékat a time. Hot-spots are
heard as high densegiens, clumps stream together in dense masses, thin datassound v and thin and igions where
there is no data makno sound.



rithm, shavn in Figure4, is loaded into a netwked MAX-based sound-segv at run-time. Brameters are sent from the
Avango VE interdce to the MAX sound sezv by UDP protocol [10].
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Figure 4: Sound design of the Virtual Geiger showing the perceptually linearized clicking density mapping

Psychoacoustic Design

The psychoacoustics of the sonification need to be designedwatladidistener to quicklyconfidently and correctly answer
guestions from the sounds. A poor display onlyvedl@nswers to questions at the locaélewhereas a good display all®
answers to questions at local, intermediate and globelkIg3]. This section describes the psychoacoustic design ofrthe V
tual Geiger to alle answers ar all threevels.

The local leel questions in the information analysiv@auantitatre ratio answers, forxample
Q: what is the gmma herefatio A: {0.0-1.0}.

The ability to gve ratio type answers depends on the perception of a continuous, ordered
scale with a natural zero. The change in clicking density of ittteal/Geiger is a ratio (prothetic) perceptuatiation which

has appropriate characteristics [18].wéwer the metric must be scaled so that equal changes in antatysiioduce equal
changes in the sound. Ratio perceptions can be scaled by the fractionation method of judging doubles and hahimgs. The V
tual Geiger s scaled by fractionating the gramtigg function to gie 9 steps of equal dé&rence in the subjewt clicking

density - from one click per second to 200 clicks per second. The linearised mapping measured for one subjeat theho
rate-step graph in Figure

The intermediate &l questions ha ordnal answers, forxample
Q: hav does neutron relate to density logs in thggae?ordinal A: neutron {lav, mid, high} density {lav, mid, high}

The ability to answer questions about the relations between the neutron and density logs requires the listener to be able to he
both \ariables at the same time. The prothetic clicking sound initheaVGeiger causes simultaneous soatfons to pro-

duce a single clicking sound with density that is the sum of componeaitse®d to design the psychoacoustics so that a lis-
tener can answer questions about the relations betweentagriather than about the addgitsum. V& can do this by using

a metathetic perception which does not sum whendmmponents occur simultaneousyn example is pitch - when you

play two piano kys at the same time thelo not produce a mepitch that is the sumub instead werlay each other [18].

From a ‘streaming’ vi&point pitch is a strongattor in the perceptual gegation of simultaneous sounds [6]eWaried the

pitch of the grains synthesised by thietival Geiger to perceptually geegate sonied attributes. The normalised input
parameter 0.0-1.0 is linearly mapped to the pitch transpositaiarf0.1-1.1 of the tfog algorithm. Thdeatt is a co-arying
increase in the pitch of the clicking with the increase in click density whickegeithe Geigecounter metaphoiThe lis-

tener hears tw distinct sounds when twattritutes difer by more than 0.25 throughout the normalised input parameter
range. While testing the soiaifition we found that highalues attract attentiomay from simultaneous Vo value streams.

The perceptual weightingag impraed by linearly mapping the input parameter range 0.0-1.0 to the grain duration in the
range 45.0-12.0 ms using the attack, sustain, and decalppea shaping parameters of the tfog algorithm. TVes& up the
enegy differences between highviels which generate mgrshort grains and o levels which produce feer tut longer
grains. Rgions where neutron and density separate are heara alistinct sounds, gions where thetrack sound stable,



Interaction Design
We would like people to be able toalk up and use theiftual Geiger after only a short
demonstration. In order to reduce the time and training required we modeled tlaeénterf
the familiar interaction with a real Geigeounter which has a probe attached to a cont
box as shen in Figure2. The user holds the probe in one hand and points imartba
region of interest to hear theviel of radiation, much li& a microphone. Switches on thé
control box are used to configure the sevigjtiof the Geiger probe to radiatiorvid. Like-
wise the Vrtual Geiger has a probe which can be pidkup and directly pointed in 3D
space. The probe is trakin 3D space by a sixgiee of freedom (6 DOF) Polhemus se
sor, alloving a natural tool-based interaction style. Tl Geiger is sensitised to fiif-
ent well-log attrilutes by pressinguttons on a graphic dial-kkcontrol panel. Theiktual
Geiger has the adntage that it can senseyappe of well logs, and is not restricted to rad
ation like its real counterpart.

The Mrtual Geiger interaction isuilt on the 3D direct manipulation tool/dragger paradig&s=s
developed in the Mango VE framwork [19]. The tool appears as an icon that can |

selected with the traekl stylus from a tool-bar in the 3Dovk-space. A graphic probe is
attached to the stylus and can then be used to interact with virtual objects. The pr
showvn as a green ray that passes through objects in the scene. Interaction is medig
‘draggers’ which are attached to nodes in the scene graph to specialise the responseq
ferent objects to diérent tools.

The Well-log is visualised by the path of the drill-hole rendered as a 3D geormbéaglo-
bal distribution of two attributes is colowmapped as a blue-yelhobivariate colour
sequence onto the visualisation, aswaiin Figure3. In the application the colours sho
the global distribtion of a lav-resolution smoothedevsion of the data-set containing 50{
points. Intermediate and local queries can be made @additional attribtes graphed on
small sliding lenses on the side of the central visualisation. The lensesup@and den
with the probe of the ivtual Geiger which accesses atttite \alues at the point where thg
stylus ray intersects the drill-path geomefriie sonifications can be used to query data a
different resolution to the visual information. Sagfion queries at the local, intermediat
and global lgels are made by sweeping thetWal Geiger probe along the visualisation:

Local queries are made by sensing a single at&jlsuch asamma, and pointing the probeFi ure 3 Welllo

at a place of interest, foxample the edge of a reseiv Small, slev sweeps of the probe g ' Visua”gation

access the full-resolution 10,000 point dataset so that shagsgmk be heard and homed

in, even when thg are not visible. Intermediate queries are made by pressitanb on the

control panel to sensitise the probe to more than oneuatréth the same timeoFexample a query about thegiens where
neutron and density logs track can be made by pressing thantelettons on the control panel and probing insidegiore

of interest such as a kwa reseroir. Sweeps that tverse between 5 and 20 gmmt of the spatial range of the data per sec-
ond retrize the data from a pre-smoothed mid-sieesion of the dataset containing 1000 points. This limits the number of
points to be sonified per attute to 200 per second. Global queries are made by pressing a agitdrabin the control panel

to sensitise the probe to all attrites in the well-log. The probe is then swept along the drill-path to detetiadistrilu-

tions of the attribtes e.g. where the densgioms are, where there is missing data etc. Since there is a limit on the amount of
data we can sonify in real-time we all@ccess to threevels of detail on the data-set depending on the rate eément of

the probe. Bst sweeps along the well-log accessmanesolution smoothedevsion of the dataset containing 500 points.

Sound Design

The design of aamiliar auditory metaphor alles users to predict lochanges in the sound relate to changes in the phenom-
ena it represents, and more quickly understandtbdisten for information in what tlyeare hearing. The sound design for
the Mrtual Geiger needs to suggest thenfliar Geigercounter ‘clicking’ sound, and respond to changes in ted tef radia-

tion logs in a predictable mannér Geigercounter clicks whener a radioactie particle passes through its sensor - at zero
there is no sound and stochastic increases in radiation particles produce a stochastic increase in clicks. This msedel w
as the basis for theitual Geiger sound schemaveéoped in the Max [8] visual programmingvéonment for rapid proto-
typing and real-time control of sound synthesis algorithms. TitheaV Geiger algorithm isuilt from a 'tfog' granular synthe-

sis module [9] which has 10 parameters - number of outputs, sample name, maximum number of fog$seéable of
transposition, bandwidth, amplitude, attack, release, détaytfog vas configured to produce short clickdiR0 ms grains
from an ‘aif’ format soundife containing noise samples. Stochastic clicking is producedtiyggthe output leel of each
grain with a random number generator &wthe granular density from 0 to maximureothe normalised 0.0 to 1.0 range
of an input parametefThe synthesis algorithm needs to sonify up to 200es per attrilite per second. The scenario with
three attrilites required a maximum of 20% CPU to run three simultaneous tfogs each generating 200 grains per second on a
SGI 02 vorkstation equipped with 180 MHZ 1P32 CPU and a MIPS R5000 floating point co-proddssaiynthesis algo-



Information Characterisation
The Scenario Description captures the information an interpreter uses in the analysis of arasiresergr from radiation
logs. In his seminal theory of graphic information design Bertin characterises information atvbisegS]e

« overall information about all elements
* intermediate information about sub-sets of elements
« local information about single elements

Bertin defined useful information as the answer to a question. The answers can be characterised as

« nominal - haing difference e.g. oil, ater rock

« ordinal - haing difference and order e.gwpmedium, high

e interval - having difference, order and scale e.g. 10, 15, 2ffekes Celsius

e ratio - haring difference, orderscale and natural zero where all scales agree e.g. 0 Kilometres = 0 Miles

These characterisations of information in terms of questions and answers is a basis for analysing the information require
ments of the scenario.

Thelocal questions hae ratio answers which wev&normalised to a scale with range from 0.0 to1.0

* Q: what is the gmma herefatio A: {0.0 to 1.0}
* Q: what is the neutron here&tio A: {0.0 to 1.0}
* Q: what is the density here&tio A: {0.0 to 1.0}

Theintermediatequestions ha ordinal answers with ordered/éds

* Q: how does neutron relate to density logs in thggae?ordinal A: neutron {lov, mid, high} density {lav, mid, high}
* Q: what is @mma in this rgion?ordinal A: {zero, low, mid, high, peak}

Theoverall questions hae nominal or catgorical answers

« Q: is there a reseoir in this dataset@ominal A: {yes, no}
« Q: what is in the dataset®minal A: {oil, water, gas, rocks}

Design

Since we are designing an interaetiool we hge to consider the user intade as a major part of the sacation. We also

need to ensure the sound is easy for the user to understand and to relate to the task. Finally the taskesdide to use the
sonifcation to answer questions required by the task. This section describes the design process in four stages, starting wit
the identification of a metaphor that &@filiar to the users and congruent with the task domainwfetidoy the design of the
interaction, the sound design of an auditory metaphor and the design of the psychoacoustieg thecosquired informa-

tion. This method diérs from other popular methods for saration design because imicitly characterises the task and

data (for an werview and comparison with Earcons and Auditory Icon techniques see [2], for anath®sle of application

see [5]).

Metaphor

Interface designers commonly use a metaphor to help the user understataditteract

with computer tools. Metaphor is an important part oféba ‘Auditory Icon’ method for
designing sounds which can be quickly understood to relate to objectseartd i a
computer intedice [13]. Thedmiliarity and contet of sounds are important aspects of the
schema leel of listening in Brgmans theory of auditory scene analysis [6]. A metaphor
can mak our sonification easier ta@ain and quickr to learn. W scanned the Scenario
Description for &plicit references to soundsibthere are none. Mewe looked for
descriptions of audible objects oremts and noticed the mention of a ‘scintillation’
counter for measuring radiation. The scintillation counter suggests a ‘Geiger counter’
which is a deice that maks audible clicks in response to radiatiovels, shavn in
Figure2. Most people areafmiliar with the Geigecounter recognise the clicking sound

and understand theay the change in the rate of clicking eeys quantitatie information Figure 2:  Geiger-counter
about the radiation \el. The widespread recognition and use of Geigeinters, and the

congruence with the application domain, led us to choose the &eigeter as the meta-

phor for the respong sonification of well-logs.




Task Identification

We can ensure the sagdtion is useful by identifying a task where there is demand for weprents wer eisting tech-
nigues. In seismic interpretation for oil arasghe tasks uolve two main types of data - seismic seys which gve a broad
overview of 3D structures in subs@ade wlumes, and well-logs which are ¢gr multi-attrilute data-sets used to analyse
detailed lithograph down a drill-path. Chris Hayard has préously described sondfations for tasks with seismic seys
[14] and there is clearly potential to carry thisriwfurther with interactie interfices. Hwever the VRGeo demonstrator
already includes aolume visualisation lens foxploring seismic sumys which works \ery well [12]. A visualisation of
well-log data has also beenveéoped for the VRGeo demonstratart khis work has highlighted the challenges of visualising
data sets with typically 10 attrdbes measured at 10,000 pointsvdahe drill-path. The camntional technique is to print
attributes in a specific order as line graphs at high resolution on paper (e.g. 10,000 points / 600 dpi = 16.7 inches), and to high
light regions of interest by hand according to speablour schemes. Softwe packages that plot and automatically colour
well-log visualisations alle rapid queries to be made by intereely cross-plotting dferent attrilutes, lnt the small screen
size and much lger resolution (e.g. 14 inch screen width * 72 dpi = 1008 points) of a typical computer monitor reduces the
density of data display by an order of magnitude. Often a graphic zoonvidgutdo gve full detail in a local rgion. The
Responsie Wbrkbench is a table-size computer display in which the inteea8D interfice has potential to allointerpret-

ers to more quickly and easilx@ore lage multi-attritute datasets. It consists ofdwack-projected stereo-graphic com-
puter screens, set horizontal amsdtical as shen in Figure7, to create an arm-sizerilal Ervironment. Although there are
twice as maw pixels the graphic display still does not approach the resolution possible onRether than migrate the con-
ventional well-log plots onto the Respoaresibrkbench we decided toviestigate the potential of the Ige 3D interfce to
allow interpreters to more quickly and easikpkore lage multi-attritute datasets in meways. This led us to identify the
interpretation of multi-attribte well-logs as a task where avebmulti-modal visualisation and soiciétion on the Respon-
sive Workbench has potential to impe@on &isting techniques.

Scenario Description

Scenario description is a method for capturing and characterising user tasks that has been applied tacselesignf \&/
applied this method to our sagition design problem by dring a scenario from axebook description of a typical well-
log analysis task [17].

Well-logs sut as the gamma, newatmn, bulk density caliper sonic
velocity, and conductivity & measugd by lowering instruments Densiey, glem?
down a drill-hole Gamma, neutm and density a& radiation lags Gamma, APl “euton LPU
measued by a ‘scintillation’ counter in AmericaneRoleum Units L 302010 8 712
(API). Gamma meases natual radioactivity whit is high in bcks
like shale whikh might be an oil soge od or a trap rod, and distin-
guishes it fom a limestone whitmight be a@servoir k. The neu-
tron log relates to poosity and is meased by bombating the
formation with neutsns and ecoding gamma emitted by hyayen
from oil, gas and water in the pospaceThe lulk density Ig is mea-
sured by bombating with gamma andecoding the gammaeturned
by electon density of atoms in the formation.

The conentional display of well-lgs in Rgure 1 shows ae&servoir
with interpreted lith@raphy in a cental column Fanked by the
gamma on the left and the nearirand ilk density Igs on the right.
Gamma defies the eservoir boundaryand is important for identify-
ing lithography, calculating shaliness and caliating geolagical
structues between adjacent wells. The nentand lulk density Igs
sepaate in gas eservois, with neuton high and density lgwrack in Figure 1: Radiation logs in a reservoir [17]
regions of oil or waterand mee ermtically with geneally lower neu-

tron and mid-lgel density inodk formations. The plots aroften cali-

brated so that the newn and density &ices mege in regions of oll

and gas. This calilation draws attention to li&ly oil regions whee the taces mege and egions of gas wherthe taces sep-
arate widely

il

Logs scparated

—~t > Logs track
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scenario of interpreting a resemvfrom multi-attritute well logs. The scenario helped us identify a Geigenter metaphor
that is congruent with the domain amadiriliar to most users. The psychoacoustic design of itteal/Geiger allavs several
logs to be heard together so that listeners may answer higbkeqlestions about relations between logs. Tineid Geiger
has been demonstrated to hundreds of people at oilaanslignmits and veew meetings. Maywho tried it hae made sug-
gestions for further sondfations. The consortiumoted to continue wrk on sonifcation in the second round of the project.
The work described here is supported by a demonstration video.
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GOALS

Oil and agas eploration is a multi-disciplinary process in whickperts vork to huild up a model of geology from geogdi-

cal data. The need for collaboration, to model compl® structures, and to analyse and interprgelanulti-parameter data-

sets are in stark contrast to the small graphic displays in desktop compuwinogments. The VRGeo consortium [11] is
developing prototype Wtual Environment (VE) applications so that consortium members caluae oil and gs applica-

tions on lage scale, highly interast, stereo-graphic display systems such as the Respdsikbench [15]. Although VE

systems are optimised for graphic rendering there is also the capability to synthesise and spatialise audio at real-time rate
We are gploring sonifications as part of our research on multi-modal interaction, with the goals to:

« demonstrate sonification applied in the oil aad gploration domain

* provide experiences of sonification fovaluation by domainxerts

« develop useful sonifications for oil anég eploration through collaboration with domaixperts
« transfer knwledge of useful sonification techniques to safevdeelopers

USERS

The users are interpreters who analyse gggipal data to bild models of geologyA broad viev of the users also includes
the oil and @s compay representates, softvare vendors, and VE researchers who areestailders in the research consor-
tium. It is important to recognise that the users apes in oil and gs eploration lut have little or no &perience with son-
ification.

DEVELOPMENT
We formulated deelopment criteria around the goals and the users, to guide the requirements analysis and design of the dem
onstrator The criteria are that the respomssonification should be:

 easy to eplain - e/en to people who lva never experienced a sonification before

« quick to understand - people can confidently understand information from the sounds after a short demonstration

« useful - the sounds prie information and &rdances recognised as useful Rpexts in the domain

« usable - people canalk up and use the intade after a short demonstration, and are willing to use it for more than a fe
minutes

Requirements Anal ysis

A useful soniication pravides information that impres a task. Our requirements analysis has three stages - taskcatentif
tion, scenario description and information characterisation [Midgeon methods from Human Computer Interaction (HCI)
[7] and scientific visualisation [16].
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