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~uplications

1. Holt, J. Beyer, F Gschwantner, . Muigg, H. Doleisch, G. Heinemann, and M. Hadwiger,
Interactive Seismic Interpretation with Piecewise Global Energy Minimization.
N Froceedings of IEEE Faciiic Visualization Symposium 2011, pages 59—066, 2011,

1. Holt, W. Freller, EML Gschwantner, H. Doleisch, G. Helnemann, and M. Hadwiger.
SeiVis: An Interactive Visual Subsurface Modeling Application.
IEEE Transactions on Visualization and Computer Graphics, 18(12): 22260—2235, 2012,
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S . Grotzinger et al.
™% Understanding Earth
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Seismic 1o Mode

» Description of subsurface layers

* NOMNZONS

- Taults

- Created from seismic survey

- Wel data + se

SMIC tomaograpny

+ Selsmic tomograpny

» recorded dep

N dmension Is tme

» farget deptn dimension Is lateral depth
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Conventional Workflow

Modeling

* Feature extraction /& \

» Dased on seismic tomograpny T [ >
' elocity ]

- results in model in time domain Extraction |
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71 Depth |£=
Conversion




» Based on local solvers
- NO constraints, hard to INteract with
* NO guarantee 1or a closed contour

* NO guarantee for a complete surface
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Conventional Workflow

* Feature extraction /&
» DAsed on seiIsmic tomoaraph
Jarly Horizon \/eloaty |
. results in model in time domain Eﬂractl@ﬂ Modelmg

- \Velocity modelng 4

» DEr layer velocity based on model In time

» results In velocity model

« Depth Conversion / [ Oepth ]""’

Conversion

» Transtorms model from time to deptn
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Conventional Workflow

* Feature extraction /&

» DAsed on seiIsmic tomoaraph
Jarly Horizon \/eloaty
« results In model in time domain Eﬂractl@ﬂ Modeling
» \Velocity modeling )

» DEr layer velocity based on model In time

» results In velocity model

Depth |£=
Conversion

» Depth Conversion

» Transtorms model from time to deptn
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Conventional Workflow // Problems

» Additional data only at the end of pipelne /é\ n

» EITOrs pecome visidle after depth conversion
Horizon Velocity
Extractlon Modeling

a

» propagating 1xes back Into interpretation is time-
consuming and nard

» INstead locally hot-fixing velocity mode

+ mignt fix the layer mode \
/
[Corwversiom

Depth ]/
- mignt result In unphysical velocity mode
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Conventional Workflow // Problems

» Additional data only at the end of pipelne /é\ n

» EITOrs pecome visidle after depth conversion ¥
[ orizon [ Velocity ]
. propagating fixes back into interpretation is time- Emad'or‘ v Modehng
. \

consuming and hard N
» INstead locally hot-fixing velocity mode
+ mignt fix the layer mode .

Depth

- mignt result In unphysical velocity model [Corwersiorw]
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Joint Time/Depth Domain // Deformation

bo: top boundary

layery/ Vo |
» Horizon deformation N
ayer,/ v,
b,: horizon,
» [teratively deform boundaries from top to bottom e

layers/ vs

» {0 Poundary 1s equal In time & deptn

.

b4 bottom boundary

- following boundaries are sum of Previous T

deformed poundary and deformed layer

» all X,y-coordinates are independent

bao = bo
\bdl = bgot (b - bo) Vo
by = by +(b2- b))V,

D3 = DT (b3- by) vy

—bas = bgzt(bs- b3)*vs
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Joint Time/Depth Domain // Deformation

virtual volume
0,0,0) aver offset (ime) | volume texture

: | _|_ :
q _ f !/ ‘ layer position (time) i
hY 0,00 :

: (ij;z>d | E Q

velocity texture (XY, 2t

dvide :

/: """""""" 11d - /," ---------------
' / | | layer position (ceptn) / 1)
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\Volume Deformation // Exploded Views <o
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Results // expert evaluation

» 00 minutes for both appPs
[after introduction to our tool]

» E=Xpert likes prism based workilow

» Live depth conversion Is very helptul
.-4.5

Petrel .\ ."\ SeiVis

not set -
AP nitial Interpret. VS‘OCW. Do S =efine i SUCGS / Avg. tme
computation computation orsms
Setrel >00min 21s 293 n/a 18 200s
SelVis ~45min on the fly on the fly <10 min 03 43S
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~uplications

——x | [ HOlt, G Chen, C.D. Hansen, and M. Hadwiger
Extraction and Visual Analysis of Seismic Horizon Ensembles.
10 appear In Froceedings of Eurographics 2015 (short papers).
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NMotivation // Cost Function

» [Nree components, linearty tlended:
ggray(e) — Z ’t—f(.?},y,Z)’

» gray value-pased term, Jgray (5. 2)EN (e)
- Waveiorm-pased term, Qwave Guae(€) = > (1 —3 ol 2, k)>
(2,,2)EN (e) k=1

» Similarty-oased term, Jsmooth
gsmooth(e) . Z ‘f(xa Y, Z) N avg(e)l

» Penalty for larger surfaces (¢,y,2)EN(e)

» Hnal cost with three user adjustanle parameters:

COSt(@) — P2 (pl ' (pO * Jgray T (1 - pO) ' gwave) T (1 — pl) ' gsmooth)
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\otivation ~

Tracing Parameters
Cost Function: Gray ‘ Wave-Form

Preference: Neigbor | | Extremum

Flexibility: Flexible | | Stff
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\otivation ~

Tracng Parameters

Cost Function: Gray | | Wave-Form

Preference: Neigbor |:|

Extremum

Flexbility: Flexible Stff
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\otivation ~

Tracng Parameters

Cost Function: Gray Wave-Form

Preference: Neigbor Extremum

Flexbility: Flexible Stff
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—Nsemple Data

» [dea: compute multiple solutions for a single
simulation/feature/event

» AN ensemple usually I1s

« multivalueo

temperature

« Multivanate

« Multidimensional

time
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—Nsemople extraction

- Ve have global optimization surface extraction
technigue with a parameterized cost function

+ Sample parameter space

» extract surace for each sample without
Nteraction

» results In a set of possidle surfaces for eacn
NOrzon
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\ultivalue Visualization

- Statistical analysis
- Ovenview first

+ representative surface + statistics

- Detalls on demano
» Interactive proing

- ive parameter-space /
exploration
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Representative Surface

+ Surface extraction leads to clustering

* Mean surtace Is not a good it
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Representative surface %,
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Representative Surface

+ Surface extraction leads to clustering
* Mean surtace Is not a good it
=Use a maximum likelnood' surface instead
+ COMpuUte a provavllity for each surface patcn

+ SUM UP probabiities for all patches

» USe surface with the highest sum

Thomas Holit // Visual Workflows for Oll and Gas Exploration // 22



Maxmum likelinooo

Thomas Holit // Visual Workflows for Oll and Gas Exploration // 23



INteractive FProbing 0%,
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—arameter space =xploration

Standard Deviation
15.7

L]

o .

Po=1[0.00..0.20]
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Parameter space

90

0
variance

—Xploration | %

90 90

0 0
variance variance
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sea |Vl 20.8cm sea vl 100%
100cm | 100cm] |
~—  10.4cm 50%
50cm 50cm
o Ocm 0%
standard 17cm '
Ocm deviation Ocm a —_—
-50cm -50cm
-100cm . -100cm
# surfaces to 11 T2 13 t4 ts 16 t7 1s 1o




~uplications

=== T Holt, A, Magay, G. Chen, G. Gopalakrshnan, I, Hoteit, C.D. Hansen, and M. Hadwiger
~¥&,) ™ Visual Analysis of Uncertainties in Ocean Forecasts for Planning and Operation of Off-
Shore Structures.
N Froceedings of IEEE Facific Visualization Symposium 2013, pages 185 — 192, 2013,
Honorable mention for best paper award.
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\otivation

» Planning off-snore g operation

» Off-shore ol exploration vulinerable to hazards

. I
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\otivation

» Planning off-snore g operation
» Off-shore ol exploration vulinerable to hazards
» OCean forecasts alow planning operation

» TOrecasts pased on ensemble simulation

. I
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—Nsemple Forecasts

» Ensemble simulation
» Multitle simulation runs for the same event

* MAPS Model or starting condition uncertainty
o varation In simulation results

44,444

+ alows more precise forecasts

"lhere Is
- results In large amount of data 5 70% chance for

1. rain tomormrow.”
- hard to visualize
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nput Data

» Sea surface simulation of the GolMi
» neignt fields / 2D tunctions
» 1/10° gnid of the GoM & 275 x 325 samples
» 10 time steps

- 100 simulation runs eacn
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On the Fly Analysis

» Interactive parameter space exploration

» SIAUSCS Dased oN user defined ensemple suoset

- GPU-based computation

- Statistical analysis
» niIstogram, pat
+ Mean, median, maximum Mmode «* surfaces

- variance, KUrtosis, risk estimate ... « textures

» [so Contourng
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Statistical Analysis // Risk

« Based on user defned critical sea-level

» fraction of surfaces above critical value
- On the fly adjustment of sea-leve
» LIVe parameter space exploration

» ISO contounng for precise area definition
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otatistical Analysis // 3D Histogram

- Complete distribution for each X,y position
» histogram + paf

» 3D volumetric cursor

» User agjustable size

» AVOIJS cClutter of renderng complete volume

sea vl
100cm |

50cm

Ocm

-50cm

-100cm .
# surfaces
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- Complete distribution for each X,y position
» histogram + paf

» 3D volumetric cursor
» User agjustable size

» AVOIJS cClutter of renderng complete volume
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Workilow |
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Workdlow |l

Standard Dewveaton
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E;Ml
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000
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Workdlow |l

Standard Deviadon

1043
0.
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417

Time Step 0

2.09

0.00
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Workdlow IV

Risk
100cm , Sea Level . -~
50%
50cm
B
Ocm
Vo ot oo oo
-50cm
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/
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