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1) ɸʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ (ACS ï Ant Colony Simulation)  

2) ɸʣʛʦʨʠʪʤ çʉʠʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʥʛʫʣʷʨʥʦʩʪʠè SS 

(Synergetic Singularities) 

3) ʉʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 
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ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʨʝʱʠʥʦʚʘʪʳʭ ʢʦʣʣʝʢʪʦʨʦʚ 

5) ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ SS 

6) ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʚʦʜʳ 



1) ACS  (Ant Colony Simulation) algorithms 

ACS 

Algorithms  

Optimization  

problems  
Image  

Processing  

Geophysical 

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 Ą 

Ą Artificial Intelligence (Synergy) 

 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) 



A probability of the antôs hop from the point  (i,j) to a neighbour point  (m,n) is estimated as   

 According to Eq.1, 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, 

i.e. it is assigned  

 where  ),( jiff ij =

 (1) 

A basic ant colony algorithm 

 - a map (a mesh) of food, 

),( jiqqij = - a pheromone distribution,  

             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.  
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 where  { }Nkyx kk ,,0),,( 2= is the antôs route. 

g

ijij qq g= 10 <<g

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   

, 

1) ACS  (Ant Colony Simulation) algorithms 



2) Algorithm SS (çSynergetic Singularitiesè 

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

 where  

 (3) 

Is a starting point of the route 

 (4) 

g

A process of pheromone evaporation over time we described without significant 

modification. 
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In addition, we concluded that it is better to use (instead of Eq. 2) the following formula for 

the pheromone updating process 
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ACS algorithms depend on AC life laws! 

a)  Hop probability  

b)  Pheromone updating process 

c)  Pheromone evaporation process 

{ }Nkyx kk ,,0),,( 2=

???  

[1] Shlionkin S.I., Masjukov A.V. and Masjukov V.V. Modified Ant Colony Algorithm for Seismic Interpretation.  

Xth International Conference on Geoinformatics Extended Abstracts. 2011. 



2) Algorithm SS (çSynergetic Singularitiesè) 

 Figure 1 Antôs position probabilities in a homogeneous media after 40 hops.  

Left: probability distribution is a smooth radial function, nonzero in the expanding ring.  

Right: conditional probability distribution if the first hop was along x-axis.  

Directivity appears due to the cosine term in Eq. 3. 

   Eq. 3 implies that the hopôs probability 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 ï two 

vertical, two horizontal and four diagonal ï from the current antôs location instead of considering 

horizontal and vertical hops only.  

  We have investigated the role of diagonal hops and of the cosine in Eq.3 by numerical 

modelling of the ant random walk as a Markovian process.  

1== ijij qf



2) Algorithm SS (çSynergetic Singularitiesè) 

Figure 2   Numerical investigation of the SS algorithm convergence and stability.  

Input coherence map computed by COG [2]  program (left) and SS maps obtained by two stochastic 

implementations (two runs of the program with the same parameters). 

 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.) 

Stochastic  algorithm  

Stochastic  algorithm  ? Robust algorithm ! 



 Figure 3 Application of the proposed algorithm to 3D seismic value (coherence cubes calculated by COG program) based on the idea of 

pheromone evaporation to neighbouring slices. It may be used for automatic fault / fracture detecting.  

 New 3D algorithm SS (Synergetic Singularity) 

2) Algorithm SS (çSynergetic Singularitiesè and 3) Comparison with other methods 

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.  

Full 3D algorithm !  

ȷ.Ȯ.ȾɑɋɓɐɎɓ, Ȧ.Ȩ.ȲɆɗɤɐɔɈ, Ȩ.Ȩ.ȲɆɗɤɐɔɈ, Ȧ.ȳ.ȰɔɍɑɔɈɆ ȨɡɝɎɗɑɋɓɎɋ ɐəɇɔɈ ɐɔɉɋɖɋɓɘɓɔɗɘɎ Ɏ 
ɗɎɓɉəɑɥɖɓɔɗɘɋɏ // ȸɋɛɓɔɑɔɉɎɎ ɗɋɏɗɒɔɖɆɍɈɋɊɐɎ, 2012, ɷ2, ɗ.5-11.  



 Figure 4 Comparing of the suggested ant colony technique with the ant tracking in Petrel. (a) Input coherence slice 

and its directional diagram. (b) Ant tracking map presented by Silva et. al. (2005) and its directional diagram. (c) The 

results of the proposed method SS. 

 Actually, ant colony algorithms are heuristic and advantages or disadvantages of these 

methods may be verified by experts in numerical tests with the same data.  

  For example, in Figure 4 readers can compare SS with Ant-tracking 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. 

3) Comparison with other methods 

Petrel SS 



 Figure 5 Edge detecting example. (a): input grey scale image ñLenaò (512-by-512 points). (b): pheromone grey 

scale map computed by the proposed ant colony simulation algorithm SS. (c): black-and-white (monochrome) 

image obtained from the pheromone map by a thresholding. (d): Extraction 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 same 

picture, which is often used in image processing tests. 

(b),(c) -ñSynergetic Singularitiesò (d) Objects 

Moreover,  advantages or disadvantages of different ant colony algorithms may be verified by 

experts in numerical tests in image processing (image ñLenaò is often used for this purpose).  

3) Comparison with other methods 

(a) Image ñLenaò 

Technique of singularities detection and enhancement 



5) Application of SS algorithm for fracture prediction 

Figure 6 Technique of singularities detection and enhancement. Animation of slices (slice of 

initial  seismic volume, COG slice, SS slice, Objects_3D slice (and smoothed the same one). 

Technique of singularities detection and enhancement 



4) Application of SS algorithm for fracture prediction 

Figure 7  

(a) Sections of initial 

seismic volume, (b) ï 

COG program result,  

(c) ï attribute SS 

(ñSynergetic 

Singularitiesò),  

(d) ï lineaments 

calculated by 

Objects_3D 

program. 

 Coherence estimation (COG) and attribute SS (ñSynergetic Singularitiesò) have a poor vertical resolution! But lateral 

resolution is high-precision, so it is possible numerical verification of fracture prediction by horizontal drilling data. 

Technique of singularities detection and enhancement 



 Figure 8 Simplified workflow of fracture/faults detecting and analysis (Pedersen S.I, Randen T, Soenneland L. and Steen O. 

[2002]  Automatic Fault Extraction Using Artificial  Ants, SEG Expanded Abstracts 21, 512-515.). Key steps of this workflow 

(marked by red ovals) are executed by special software developed in SlavNeft Geophysical Center. 

COG 

SS 

Objects_3D 

4) Application of SS algorithm for fracture prediction 

ɺ.ɹ.ʃʝʚʷʥʪ, ʀ.ʖ.ʍʨʦʤʦʚʘ, ɽ.ɸ.ʂʦʟʣʦʚ ʠ ʜʨ. ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʘʥʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʜʣʷ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʩ ʧʦʨʠʩʪʦʩʪʴʶ ʪʨʝʱʠʥʥʦ-ʢʘʚʝʨʥʦʟʥʦʛʦ ʪʠʧʘ, ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʶ, ʄ.: 2010. 



5) Verification of Fracture prediction by horizontal drilling 

Figure 9 SS (ñSynergetic Singularitiesò) attribute slice.  

Increased fragments are shown in right-bottom corner.  

Steps of coordinate lines are 250m. 

 Red-and-blue line indicates the borehole,  

the red part of it ïthe horizontal borehole section. 

Figure 10 Correlation between SS attribute slices 

 and measured fracture by micro scanner. 

 Correlation coefficient is approximately 0.85. 
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ʀʟʤʝʨʝʥʥʘʷ ʛʣʫʙʠʥʘ (ʤ)

ɻʠʩʪʦʛʨʘʤʤʘ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʧʦ ʤʠʢʨʦʩʢʘʥʝʨʫ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 
ʫʯʘʩʪʢʘ ʩʢʚ. NN_g ʠ ʦʮʝʥʢʘ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʧʦ ʘʪʨʠʙʫʪʫ SS 

"ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʥʛʫʣʷʨʥʦʩʪʠ"  (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 0.84)

ʜʘʥʥʳʝ ʤʠʢʨʦʩʢʘʥʥʝʨʘʦʮʝʥʢʘ ʧʦ ʧʘʨʘʤʝʪʨʫ SS

5) Verification of Fracture prediction by horizontal drilling 

Figure 11 Results of numerical correlation between measured fracture in horizontal borehole section 

 and fracture prediction by ñSynergetic Singularitiesò attribute.  

Fracture 

Measured depth 

Verification of Fracture prediction by horizontal drilling 

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

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

So we can safely predict appreciable events only. 

5) Verification of Fracture prediction by horizontal drilling 



1)ʆʪʢʘʟ ʦʪ ʠʩʧʘʨʝʥʠʷ. 

 

 

2)ʅʦʚʳʡ ʰʘʙʣʦʥ ʚʦʟʤʦʞʥʳʭ çʩʢʘʯʢʦʚè 

ʘʥʠʤʘʪʘ. 

 

 

3)ʃʦʛʘʨʠʬʤʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʧʦ ʬʦʨʤʫʣʝ (*) ʧʝʨʝʜ ʧʨʦʮʝʜʫʨʦʡ SS. 

 

10 ¢<k

5) Development of the SS technology 

, 

ʈʠʩ. 13 ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ,  

ʟʘʜʘʥʥʦʡ ʬʦʨʤʫʣʦʡ (*) 

NEW 

ʈʠʩ. 12 ʅʦʚʳʡ 16 ʪʦʯʝʯʥʳʡ  

ʰʘʙʣʦʥ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʩʢʦʢʦʚ  

ʘʥʠʤʘʪʘ. 
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ʈʠʩ. 14 ʀʟʤʝʥʝʥʠʷ ʰʘʙʣʦʥʘ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʩʢʦʢʦʚ ʘʥʠʤʘʪʘ ʫʤʝʥʴʰʘʝʪ ʵʬʬʝʢʪ ʘʥʠʟʦʪʨʦʧʠʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʩʝʪʢʠ. ʊʨʝʢʠ ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʝʝ ʨʘʟʙʠʪʳʤʠ ʠ ʙʦʣʝʝ ʛʣʘʜʢʠʤʠ. (ʩʣʝʚʘ ʠʩʭʦʜʥʳʡ ʩʨʝʟ, ʚ ʩʝʨʝʜʠʥʝ SS ʥʘ ʥʦʚʦʤ 16 

ʪʦʯʝʯʥʦʤ ʰʘʙʣʦʥʝ ʙʝʟ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ, ʩʧʨʘʚʘ ï ʩʪʘʨʳʡ ʚʘʨʠʘʥʪ SS) 

5) Development of the SS technology 

ȳɔɈɡɏ 16-ɘɎ ɘɔɝɋɝɓɡɏ ɞɆɇɑɔɓ ȷɘɆɖɡɏ 8-ɒɎ ɘɔɝɋɝɓɡɏ ɞɆɇɑɔɓ 



ʈʠʩ. 15 ʇʨʠʤʝʨ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦ ʬʦʨʤʫʣʝ (*)  

(ʩʨʝʟ ʘʪʨʠʙʫʪʘ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʚ 3D view,  

ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʝè ʬʨʘʛʤʝʥʪʘ) 

5) Development of the SS technology 

ȧɋɍ ɑɔɉɆɖɎɚɒɎɖɔɈɆɓɎɥ  ȷ ɑɔɉɆɖɎɚɒɎɖɔɈɆɓɎɋɒ 
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ʢʨʦʩʩ-ʧʣʦʪ ʘʤʧʣʠʪʫʜ ʘʪʨʠʙʫʪʘ SS_new ʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʈʷʜ1 ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ (ʈʷʜ1)ʃʠʥʝʡʥʘʷ (ʈʷʜ1)
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ʂʨʦʩʩ-ʧʣʦʪ ʘʤʧʣʠʪʫʜ ʘʪʨʠʙʫʪʘ SS ʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ

ʈʷʜ1 ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ (ʈʷʜ1)ʃʠʥʝʡʥʘʷ (ʈʷʜ1)

 ʈʠʩ. 16  ʀʣʣʶʩʪʨʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ çʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷè ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʦ ʧʨʠʤʝʥʝʥʠʷ 

ʘʣʛʦʨʠʪʤʘ SS. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳʡ ʘʣʛʦʨʠʪʤ (a) ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʘʤʧʣʤʠʪʫʜ (True 

amplitude), ʘ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ACS ʘʣʛʦʨʠʪʤʘʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʛʝʦʬʠʟʠʢʝ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʘʤʧʣʠʪʫʜ ʫʩʪʦʡʯʠʚʳʭ ʪʨʝʢʦʚ (b). 

(a) (b) 

ȧɋɍ ɑɔɉɆɖɎɚɒɎɖɔɈɆɓɎɥ  ȷ ɑɔɉɆɖɎɚɒɎɖɔɈɆɓɎɋɒ 



ʈʠʩ. 17 Development of the SS algorithm.  

(a) - 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. 

5) Development of the SS technology 



ʈʠʩ. 18 ʇʨʝʠʤʫʱʝʩʪʚʘ ʘʣʛʦʨʠʪʤʘ SS. 

(a) ï  ʉʨʝʟ ʢʦʛʝʨʝʥʪʥʦʩʪʠ; 

(b) ï ɺʳʜʝʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʧʦ ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ) ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʦʜʥʦʛʦ ʠʟ 

ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ;  

(c) ï ɺʳʜʝʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʉʣʘʚʥʝʬʪʴ-ʅʇʎ ʥʘ ʦʩʥʦʚʝ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ 

çʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʥʛʫʣʷʨʥʦʩʪʠè (SS).  

5) Development of the SS technology 

ʊʝʭʥʦʣʦʛʠʷ SS 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ  

ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ  

ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ 

ɸʪʨʠʙʫʪʳ  

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ 



5) Development of the SS technology 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ  

ʠʥʪʝʨʧʨʝʪʘʮʠʷ 
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5) Development of the SS technology 

ɸʪʨʠʙʫʪʳ  

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ 



ʇʨʦʛʥʦʟ  ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʤʢʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʪʨʝʱʠʥʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ 

ʇʨʦʛʥʦʟ ʣʠʪʦʣʦʛʠʠ 

 *ʚʳʜʝʣʝʥʠʝ ʪʦʣʱ ʘʨʛʠʣʣʠʪʦʚ 

*ʚʳʜʝʣʝʥʠʝ ʜʦʣʦʤʠʪʦʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʛʣʠʥʠʩʪʦʩʪʠ 

ɺʳʜʝʣʝʥʠʝ  ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ 

ɺʳʜʝʣʝʥʠʝ  ʢʦʨʠʜʦʨʥʳʭ ʪʨʝʱʠʥ, 

 ʬʦʨʤʠʨʫʶʱʠʭ ʜʨʝʥʘʞʥʳʝ ʩʠʩʪʝʤʳ 

ʋʇʈɸɺʃɽʅʀɽ  

ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓʄ  

ɹʋʈɽʅʀɽʄ 

5) Development of the SS technology 



5) Development of the SS technology 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ  

ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ 



6) ȴɇɗəɌɊɋɓɎɋ ɖɋɍəɑɢɘɆɘɔɈ, ɈɡɈɔɊɡ 

˶͔͒ ͤ͊ ͔͔ͦͪ͘ ˣ͚͊͊͟͡ 


