PABBUTHE FEXHOIOMMMN «CUHEPT ETUHECKUE CUHT VISPHOCTHR [ |
MJSENOAYEPRUBAEUSA OCOBEHHOCTEM CENCMUYECKCGTO HQJBI [

[OfMs Cse ¢. 1., 4B@neSdde( § {g.dz0o dzfi Is R
masvol@mail.ru tvergw@slavneft.ru
© ChasHemiib

O ZOdzq L o tslf § IEffiy tscz' L dzts O B dzts dzts fy detf 9 OB H | dzd e s 0 O dzd
Csizsdglf § O oH detots H Y J te €t fg iz dzdsixifRisy d3d ulf thdddes) 51 dzts 3 J dz'
fteslsj Misd tafsodidazjode@ tze sted Htigd 9 sH ARGz "Rz d Ul M
OH j § o O lutstdiylsds s aizj ¢ j 5 d dgg Iy &Y i dzs mls d &

HoHoepeHLNS «TavicMnyecine YexHoNorn»
21-23 anpena 20°1: WOIT PAH



mailto:masvol@mail.ru
mailto:tvergw@slavneft.ru

Mnai npezedrTaymu O 5 23 VY

1) ze stedIsdz" , tMdeso Odzdz J dzO
Ctdzsdzd d BRAGSI Ant Caony(Simulation)

2)p dzcstedlsd3 cadda ey Isd ud BS dJ
(Synergetic Singularities)

NutOodajdzdj f Hikzeddd Odc i

N cOCIsdyj Mty dmMf tsdz L s9 Odzd
flesedzsL qieso Odzdw Istej M d dztso ©

55t OLoadlsd] IspS desdzsc d d
6)f] BmMEzyHjdd] tJLEZdz IsOlstse, o




1) ACS (Ant Colony Simulation) algorithms

ARTIFICIAL LIFE ALGORITHMS:
Ant colony simulation (ACS) , River formation dynamics (RFD),
Particle swarm optimization (PSO) , Stochastic diffusion search (SDS) , Gravitational
search algorithm (GSA) , Intelligent Water Drops (IWD) , Charged System Search (CSS)

ACS
Algorithms
Optimization Image Geophysical
problems Processing applications

M. Dorigo and colleagues introduced the ant colony optimization as a heuristic method for
solving hard combinatorial optimization problems in the early 1990s. The idea of the method
in question is based on a self-organization of an ant colony (see Dorigo and Stutzle, 2004, for
example). Naturally, each ant has not got any intelligence and it is a rather simple living
being, but when searching for food ants use pheromone trails to direct other colony
members to food they have found. Through this process the ants find efficient paths to the
food and one can observe specific ant trails as the result of the self-organization.

Simple animates + their interaction A
A Artificial Intelligence (Synergy)
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A basic ant colony algorithm

A probability of t he(,)amatnéghbotrpgnt mm)srastirated asp
F%i,j)- (m,n) P - (m, ”)/a a,b P' )- (a,b)? 1)
.

(i.)- (a.b) (qu +qaz:) £ 5D, (@.5)
Whel‘e< .I:ij = f(|, J)

- a map (a mesh) of food,

D L0y = q(i, j) - apheromone distribution,

(.0)- (@.5]depends on the direction of the current hop and on the direction of the previous

hop. Here the sum is performed with respect to all legal points to which the ant can hop
from the current point.

According to Eqg.1l, the probabilistic realizations of ant routes are generated
successively. After certain steps each ant returns back along its own route and

secretes a pheromone amount in proportion to the total amount of food along the route,
l.e. it is assigned

a F(x.¥) (2)

(X, i) « d(Xe, Vi) + N+1d

where {(inyk)1k:0a2,N} i s the antods rout €.

To avoid a too rapid convergence of the algorithm towards sub-optimal local minima it is
necessary to take into account a process of pheromone evaporation over time. For

example, that is
0; =9q;| . |0<g<l

D |




2) Algorithm SS ( $ynergetic Singularitiesé

277
ACS algorithms depend on AC life laws!
a) Hop probability

b) Pheromone updating process

c) Pheromone evaporation process

[1] Shlionkin S.1., Masjukov A.V. and Masjukov V.V. Modified Ant Colony Algorithm for Seismic Interpretation.
Xth International Conference on Geoinformatics Extended Abstracts. 2011.

We suggest the directional factor D in Eqg.1 in the following form

@-)(i- %) *(b- DU - o) 4
J@- )2 +(b- )2 - %)2+(j - o)

where (%,,Y,) Is a starting point of the route {(X., Y, ), k=0,2 ,N}

D(i,J') (a.b) =1+

In addition, we concluded that it is better to use (instead of Eg. 2) the following formula for
the pheromone updating process

« (%es Vi il
A% Vi) q(xk,yk)+\/ NP Ia0 f(x,y)| k=012 ,N. (4)

A process of pheromone evaporation over time we described without significant
modification.




2) Algorithm SS ( Synergetic Singularitiese)

Eq. 3 implies that the h o p @rabability depends on the cosine of the angle between the
direction of the current hop and the direction from the starting point to the current location. Thus an
ant tends to go away from its starting point. But the penalty for changing route direction is not severe
in EQ. 3, in contrary to competing methods. Owing to this modification, an ant would not cross a food
lineament, but continue its route along the met lineament. We allow eight possible hops i two
vertical, two horizontal and four diagonal i from the current a n tldcation instead of considering
horizontal and vertical hops only.

We have investigated the role of diagonal hops and of the cosine in Eg.3 by numerical
modelling of the ant random walk as a Markovian process.

T e %
g
Py

i mgmﬁ

A
i

)

A
e,
A e
AN
H""‘:'a

Figure LAnt 6s position probabilities in a
Left: probability distribution is a smooth radial function, nonzero in the expanding ring.
Right: conditional probability distribution if the first hop was aloreaxis.
Directivity appears due to the cosine term in Eq. 3.
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2) Algorithm SS ( $ynergetic Singularitiese)
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Figure 2 Numericalinvestigationof the SSalgorithmconvergencandstability.
Input coherencemap computedby COG [2] program (left) and SS maps obtained by two stochastic

implementationgtwo runsof the programwith the sameparameters)

Stochastic algorithm ? Robust algorithm !

Shlionkin S.I., Masjukov A.V., Masjukov V.V. and Yurchenko O.S. Seismic Data Discontinuity Computation
for Fault/Fracture Imaging, EAGE Sant-Petersburg International Geophysical conference Expanded Abstracts. 2008.)




2) Algorithm SS ( $ynergetic Singularitiesé and 3) Comparison with other methods

New 3D algorithm SS (Synergetic Singularity)

2D SS algorithm is applied to each time slice of input coherence volume separately. It leads to pseudo 3D algorithms.
In 3D SS algorithm animates lay down pheromone to the neighbour slices also. Thus we obtain more accurate 3D method.

100.0 =)
A

Figure 3 Application of the proposed algorithm to 3D seismic value (coherence cubes calculated by COG program) based on the
pheromone evaporation to neighbouring slidesnay be used for automatic fault / fracture detecting.

/. O. Taqbevyb, A.E. YFdreod, E.E. YEFdreod, A.y. Oarao
aybfoeayqdqbodoasqy // adqeboaof YY -digydoodFr Fqde ¥




3) Comparison with other methods

Actually, ant colony algorithms are heuristic and advantages or disadvantages of thes
methods may be verified by experts in numerical tests with the same data.

For example, in Figure 4 readers can compare SS wittraAcking result presented in
paper [Silva et al., 2005].

Evidently, SS result is more adequate, though we could use only digitized image from
paper [Silva et al., 2005], coherence volume was unavailable for us.

Figure 4 Comparing of the suggested ant colony technique with the ant tracking in R&tteput coherence slice
and its directional diagram(b) Ant tracking map presented by Silva et. al. (2005) and its directional diagcairhe
results of the proposed method SS.




3) Comparison with other methods

Technique of singularities detection and enhancement

Moreover, advantages or disadvantages of different ant colony algorithms may be verified by
experts in numerical tests Iin Iimage proces

(a) I mage ALOGARxD®SYynergetic Singu(d)@Dbjéectsi es o

Figure 5 Edge detecting exampl@):i nput gr ey s c al-e-51i2pont)éb): fheremorze grey( &
scale map computed by the proposed ant colony simulation algorithf@) S#ack-and-white (monochrome)
image obtained from the pheromone map by a threshol@ifigextraction of lineaments by Objects 3D
program.For the purpose of edge detecting absolute values of an image gradient are taken as food.

The resulting (right) image in Figure 5 seems better than any other edge detecting, ever applied to the sam
picture, which is often used in image processing tests.
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5) Application of SS algorithm for fracture prediction

Technique of singularities detection and enhancement

Figure 6 Techniqueof singularities detectionand enhancementAnimation of slices (slice of
initial seismicvolume,COGslice,SSslice, Objects 3D slice (and smoothedhe sameone)




4) Application of SS algorithm for fracture prediction

Technique of singularities detection and enhancement
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Coherence estimation (COG) and attribute SS (ASynerggqt.|
resolution is high-precision, so it is possible numerical verification of fracture prediction by horizontal drilling data.
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4) Application of SS algorithm for fracture prediction

Example Processe:

Median
Filter

Structural
COG Seismic Smoothing
Ori_gina_ll — c diti . < | Saussian
Seismic onditioning Spatial filter

filtering

Edge Chaos

w

Detection Variance
Dip

SS |

Deviation

v
Edh AntTrack
Enhancement =/ Filter
Spatial

Automatic Post Filtering
Fault Extraction Conditioning Thinning

L 4
Manual
Interpretation

v

Auto-track
Interpretation

—— Fault |
Patches

(Wisual Filtering)

Objects_3D

Fault Interpretation

Figure 8 Simplified workflow of fracture/faultsdetectingand analysis(PedersenSI1, RandenT, Soenneland.. and SteenO.
[2003 AutomaticFault Extraction Using Artificial Ants, SEG ExpandedAbstracts21, 512515). Key stepsof this workflow
(markedby red ovas) are executedy specialsoftwaredevelopedn SlavNeftGeophysicalCenter
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5) Verification of Fracture prediction by horizontal drilling
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Figure 10 Correlation between SS attribute sliced19ure 9SS (fiSynergetic Singul ar|
and measured fracture by micro scanner. Increased fragments are shown in righdgttom corner.
Correlation coefficient is approximatelyss Steps of coordinate lines are 250m.

Redandblue line indicates the borehole,
the red part of it the horizontal borehole section.




5) Verification of Fracture prediction by horizontal drilling

Verification of Fracture prediction by horizontal drilling
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Figure 11 Results of numerical correlation between measured fracture in horizontal borehole section

and fracture prediction

by ASynergetic

Correspondence is poor in low levels of fracture(((.

So we can safely predict appreciable events only.

High correlation coefficient is due to significant variance of fracture values only.




5) Development of the SS technology
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5) Development of the SS technology
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5) Development of the SS technology
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5) Development of the SS technology
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t d .7 Development of the SS algorithm.

(@) - Input coherence slice (presented by Silva et. al. (2005)).

(b) - Ant tracking map presented int the same paper.

(c) - The results of the proposed method SS, (d) SS attribute with recent improvements in the algorithm.
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5) Development of the SS technology
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