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Overview
This session covers the concepts and requirements for properly sampling data, with a focus on probability sampling.
Review: From Attributes to Geobodies
A quick review of the overall workflow: amplitude data is used to calculate attributes appropriate to a specific geologic question, an unsupervised neural network (SOM) is trained on those attributes, and the resulting set of winning neurons is used to classify the entire zone of interest. The number of possible classifications depends on the neuron topology used (for example, an 8x8 topology yields 64 possible winning-neuron classes), and results can be color-mapped in any way desired, including making most classes transparent to isolate and view the geobodies for a single winning neuron of interest.
From the classification, a geoscanning process is applied to identify all contiguous, connected geobodies associated with each winning neuron. Starting with the first winning neuron index, the process grows a connected region outward in all directions until no further connected samples remain, assigns that region a geobody number, and continues scanning the survey, potentially finding many separate geobodies (from a handful up to thousands) associated with a single winning neuron. Geoscanning takes real computational time but is considered well worth the investment, since it moves the analysis from raw winning-neuron classification results to individually interpretable geobodies.
Review of Survey Space, Attribute Space, and Topology Space
Reiterating the earlier framework: survey space (a 2D line or full 3D survey) is transformed into attribute space using the attribute selection list, while neuron topology space defines the machine learning network being used. With f attributes, attribute space is f-dimensional, and each sample becomes an f-element vector. During cooperative training epochs, neurons exchange information through the honeycomb-like neuron topology to identify natural clusters, continuing epoch after epoch (a full pass through all samples defines one epoch, commonly 50 to 200 or more epochs).
Once training error stops improving meaningfully, training is considered complete (though never reaching exactly zero error), and every sample can then be classified by finding its nearest trained neuron. This produces two new attributes for every sample: the classification itself, and the classification probability. Geobody identification is then the process of taking this neuron classification and geoscanning through the data to identify all associated geobodies for each winning neuron; for example, 25 winning neurons (5x5) might ultimately correspond to tens of thousands of individual geobodies.
Niobrara Fault Fabric Example
Sarah's analysis of Niobrara curvature attributes (K1 curvature, similarity, energy ratio, texture entropy, texture homogeneity, and amplitude, all at 1-millisecond sampling, run as a 5x5 hexagonal SOM) identified fracture fabric directly from just two specific winning neurons. This revealed a dominant southwest-trending fracture direction, along with a secondary conjugate fracture direction, and distinguished regions of higher versus lower fracturing, all derived simply by highlighting patterns from the SOM classification, prior to running geoscanning.
Returning to the original (non-curvature) instantaneous attribute set used for the Niobrara benches, and running geoscanning to color up individual geobodies (shown in blue), the A bench appeared fairly uniform in extent, the B bench was found to be thicker but with more varied lithology (multiple, more scattered associated geobodies), and the C bench turned out to be represented by essentially one single, large, continuous geobody, corresponding to one winning neuron, providing useful geologic inference about the bench's overall continuity and thickness pattern.
Types of Sampling
Uniform (Time) Sampling
Digitizing an analog trace at, for example, 500 samples per second implies a 2-millisecond sample interval and a corresponding Nyquist frequency of 1 divided by twice the sample interval, or 250 Hz in this case. All frequencies present in the original analog signal must be below this Nyquist frequency for accurate digital representation.
Spatial Sampling
A 3D survey similarly samples geology spatially, governed by bin dimensions (potentially different in the x and y directions), set by geophone and shot spacing and geometry. Spatial sampling has a directly analogous requirement: the maximum resolvable wave number must be less than one divided by twice the bin spacing, equivalent to a maximum resolvable feature of half a wavelength, mirroring the time-domain Nyquist relationship.
Probability Sampling
Probability sampling is a technique in which every individual in a population has an equal chance of being selected for a sample. Because it is purely random, true probability sampling is free of systematic errors and sampling bias, an important and desirable property.
Sampling With vs. Without Replacement
In sampling with replacement, each drawn sample remains available in the population for subsequent draws (as in bootstrapping, discussed in an earlier session). In sampling without replacement, each drawn sample is removed from the population once selected. For very large populations, the distinction rarely matters in practice; for very small populations (for example, removing three samples from a population of only twelve), the distinction becomes significant, since the remaining population shrinks meaningfully. Because populations of interest in this field are often small, "with replacement" statistical methods are generally used.
Exercise: Blind Random Drilling Over a 150-Square-Mile Area
A hypothetical exercise illustrates probability sampling geographically: given a 150-square-mile area (15 miles by 10 miles) with no 3D survey available, and no informed geologic guidance, well locations are selected entirely at random, with only successful wells marked (a simple binary outcome: success or failure, with no intermediate category).
As the number of randomly drilled wells increased, the picture of underlying structure progressively sharpened:
	Wells Drilled
	Successful Wells
	What Becomes Visible

	250
	26
	Not yet clear whether a real trend exists

	1,000
	86
	A trend becomes visible; unclear whether it represents one area or two

	5,000
	471
	Two distinct trend areas become visible; questions arise about the shape of "dead zones"

	10,000
	951
	Trends take on recognizable overall shapes (for example, an "O" shape and a "U" shape)

	50,000
	4,639
	Fine structural detail becomes resolvable, including the specific shape of dead zones (for example, a square shape) and outer boundaries (for example, a hexagon)



Whether any resulting shapes correspond to a specific real geologic explanation is left as an open question, dependent on the underlying (in this illustrative example, entirely synthetic) truth of the area. This exercise is a demonstration of blind drilling as a form of geographic probability sampling: as the number of random samples increases, the questions that can meaningfully be asked about the underlying data become progressively more refined and detailed.
Summary
This session covered how data moves through survey space, attribute space, and neuron topology space during training, classification, and geobody identification. It then covered sampling concepts, focusing on probability sampling through the blind drilling exercise. A key observation from that exercise is that as more samples are obtained, the questions that can be meaningfully asked about the underlying data become increasingly refined and specific.
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