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[0:14] Introduction
The following presentation was given by Dr. Tom Smith to the staff of Geophysical Insights. However, the subject matter is product independent and useful to anyone seeking a better understanding of single trace attributes. This training video complements the course by Dr. Kurt Marfurt and others on attributes for the environment of deposition, which is also available on the eCourse portal. We trust you will find this course and the other training videos available on the portal informative and beneficial. Please enjoy.
[0:48] Single Trace Attributes in Perspective
We are focusing on what you can do with a single seismic trace all by itself. That's really what this is all about, and we'll start off by putting single trace attributes in perspective. This is borrowed from Rocky Roden's presentation in 2014, "Evolution of Seismic Multi-Attribute Analysis: Next Generation of Interpretation Tools," at the SEG convention.
Counting the categories in that presentation: AVO (1), spectral decomposition (2), standard amplitude attributes (3), coherency (4), curvature (5), instantaneous (6), inversion (7). Attribute experts will argue about the exact groupings, but there is a whole range of categories, and this presentation focuses on one box: the instantaneous attributes that come from a single trace. Coherency, AVO, and the other categories are multi-trace attributes.
For single trace attributes, we break the topic into five groups:
1. The basic five instantaneous attributes
1. A toolkit of additional instantaneous attributes
1. Instantaneous layer attributes
1. Basic banded attributes
1. Additional banded attributes

[3:11] Topic 1: The Basic Five Instantaneous Attributes
Speaker 3: Basketball.
Speaker 2: Yes, this is like our basic basketball team - the basic five, and they are the following.
1. Amplitude - the base survey, sometimes called the real part, because the attribute calculated from amplitude is a 90-degree phase shift of the amplitude: the Hilbert transform.
1. Hilbert transform (imaginary trace) - together, the real trace and the imaginary trace form a complex pair of coordinates for a complex signal (the amplitude at an instant of time plus its Hilbert transform), perpendicular to the amplitude axis. At any instant of time you can make a polar plot of the amplitude and the Hilbert transform, plotting it as a point on the complex plane.
1. Envelope - the length of the vector from the origin to that point on the complex plane.
1. Phase - the polar angle with respect to the real part.
1. Frequency - the rotation rate. Seismic data frequencies matter, which is why this is the basic five, not the basic four.
The "Lena" Trace
To illustrate, the presenter uses a seismic trace nicknamed "Arlena" (after Lena Soderberg, a widely used test image in image processing research). The trace comes from the Bureau of Economic Geology's well-documented Stratton 3D survey, line 79, trace 89, near well number 9, from 1.2 to 1.6 seconds. It sits near a well and includes two picked formation tops: the C38 top (near the middle of the Yegua group) and the F11 top (base of the Yegua) - this "Yegua region" is the working example throughout the presentation. This amplitude trace, as recorded and processed, is the base signal we start with.
The Complex Trace
If A(t) is the amplitude and H(t) is the Hilbert transform of A(t), then at any instant of time t we have a value of A and a value of H. On the complex plane, A goes one direction and H goes perpendicular to it. Overplotted: the real signal (purple), the Hilbert transform / imaginary part (green), and the envelope signal (red) across the whole trace.
Mathematically, the complex trace C is the envelope times the phase term:
C = E · e^(-iφ(t))
where E is the envelope (length of the vector) and φ(t) is the phase (the rotation/direction of the vector).
1. The C38 reflection sits near the peak of the envelope and amplitude.
1. The F11 reflection sits near a similar peak further down.
Phase Signal
The phase signal φ is the inverse tangent of the Hilbert transform divided by the amplitude. By convention, running along the curve: the top is -180 degrees, the bottom is +180 degrees, and zero sits halfway between. At the C38 reflection point, the corresponding phase value was somewhat less than 45 degrees (not exactly at the midpoint).
The phase continuously rotates (a full "screw turn") and then starts over. The time between full jumps, taken as a reciprocal, corresponds to the instantaneous frequency. Character varies through the section: lower frequency content and unusual phase effects within the Yegua, picking back up toward the unit's base.
Plotted as points on the complex plane (Cartesian coordinates: Hilbert transform on one axis, real trace on the other), a short vector corresponds to noisier data (small envelope), while a long vector corresponds to a strong envelope value. The direction of rotation (clockwise or counterclockwise) was not indicated in the plot.
At any instant of time:
1. Real part = E · cos(φ)
1. Imaginary part = E · sin(φ)
E is "the length of the vector" (how fast you're galloping); φ is "the rotator part" (like clock time - it doesn't change length, all length information is in the envelope).
For the C38 reflection, the true reflection falls between two samples, close to the real-axis origin, with one sample slightly below zero and one slightly above for the Hilbert transform value. For the F11 reflection, three samples are involved, and the zero point for phase is close to one of the actual samples.
[16:05] Instantaneous Frequency
The frequency is the slope of the phase - plotted as a blue curve, alongside the envelope, starting with just the derivative of the phase.

[16:05] Topic 2: A Toolkit of Additional Instantaneous Attributes
Normalized Amplitude
The normalized amplitude washes out the amplitude effect - boosting subtle amplitude variations (e.g., within the low-amplitude Yegua interval) that might otherwise be hard to see. There is no single attribute that tells the whole story; it's the variety of attributes together that reveals what's going on. Normalized amplitude can reveal subtle structure by boosting amplitude relative to what's above and below.
Calculated as:
Ā = cos(φ)
This ignores envelope effects entirely - just the cosine of the phase. When phase = 0, cosine = 1 (a large positive value); the cosine changes polarity from positive to negative as phase crosses through the cycle, which is why normalized amplitude crosses zero and shows polarity effects while amplitude information is washed out.
First and Second Derivatives of the Envelope
Since the envelope is a vector length, it is always positive (variable-area filled). Looking at the first derivative and then the second derivative, both show increasing "choppiness" - the second derivative always appears higher frequency, not because there's no low-frequency content, but because differentiation accentuates higher frequencies in the spectrum.
You can calculate the first derivative from the slope between two samples, and the second derivative using three points directly, or by taking the derivative of the derivative.
Acceleration of Phase
The acceleration of phase is the derivative of frequency with respect to time - the second derivative of phase. Since the phase rotates at roughly constant rate, its acceleration should be close to a constant value, but shows occasional "hiccups" corresponding to real geologic or data effects. Bob Hardage was among the first to develop diagnostic uses for acceleration of phase, which also reveals information about instantaneous frequency.
Bandwidth
Bandwidth is defined as:
Bandwidth ∝ √(|dE/dt| / E)
The square root acts as a nonlinear compression (e.g., going from result 2 to 4 requires the underlying fraction to go from 4 to 16) - so bandwidth changes more gradually and doesn't jump around as abruptly as the raw fraction would. Bandwidth is typically divided by 2π (a step that's often skipped in practice). Since it's based on the envelope and its first derivative (which have their own "hiccups"), bandwidth is expected to change, but not abruptly.
Smooth Frequency
Smooth frequency is simply instantaneous frequency convolved with a smoothing operator (e.g., a boxcar/three- or five-point running average), producing a smoothed instantaneous frequency curve.

[24:38] Topic 3: Instantaneous Layer Attributes
Thin Bed
Thin bed = instantaneous frequency − smooth frequency
This is simply the departure ("delta f") from the smooth trend, and it inherits the "hiccups" seen in instantaneous frequency.
Q (Instantaneous Estimate)
Calculated as the envelope divided by the first derivative of the envelope, multiplied by frequency:
Q ∝ (E / (dE/dt)) · frequency
Because it divides by a derivative, this signal shows sharp spikes ("hiccups") wherever the envelope derivative does something unusual, and these don't necessarily line up with earlier hiccups seen in other attributes. Many experienced attribute users don't find much value in this particular instantaneous Q estimate - for the most part it's fairly uninteresting except at the "hiccup" locations, and it's unclear whether those locations carry real geologic significance (diffractions, interbed multiples, bed thickening/thinning, changing reflection coefficients) without direct inspection of the data.
Attenuation
Attenuation = |dE/dt| / smooth frequency
Because absolute value is used, attenuation is always positive (and the display is always "filled in," rarely reaching zero, since smooth frequency rarely reaches zero). Some character is visible, mostly driven by the envelope's first derivative rather than by smooth frequency changes.
Sweetness
Sweetness = envelope / smooth (average) frequency
Sweetness was originally published as an indicator of gas effects. Since it's a ratio, it's affected by both numerator and denominator. The envelope varies smoothly, and so does smooth frequency, so sweetness tends to be a smoothly, slowly varying attribute.
Relative Acoustic Impedance
Calculated as a smoothing operator (boxcar, Hamming, or Hanning window) convolved with the difference between A(t) and its average value, integrated from zero to t. Unlike differentiation (which accentuates high frequencies), integration is a low-frequency enhancement operator.

[29:09] Topic 4: Basic Banded Attributes
Phase Breaks
Using a picking operator, large phase discontinuities are picked (e.g., the wraparound from -180 to +180 degrees), then convolved with a small Hanning window purely to give the picks visual width (not as a smoothing operation). The result is the phase break signal - markers of structural discontinuities, useful for identifying structural features and stratigraphic pinch-outs.
Energy Bands on Phase Breaks
Between each pair of consecutive phase breaks, the average envelope value is assigned across that entire interval, producing a blocky/boxcar-like signal. For example, between the phase breaks bracketing the C38 reflection (a strong reflector, likely a flooding surface), the energy band value is high; other intervals (e.g., middle-to-upper Yegua) show lower values.
Envelope Breaks
Similar to phase breaks, but picking the troughs (bottoms) of the envelope using an auto-picker, then applying the same Hanning-window marker treatment. Envelope breaks are fewer in count than phase breaks (reasonable, since a typical reflection wavelet has only two or three significant lobes before the next event). Phase breaks and envelope breaks can give different but related results - it's worth comparing both to see how closely they align.
Energy Bands on Envelope Breaks
Same concept as energy bands on phase breaks, but computed between envelope breaks instead - spanning longer intervals (since there are fewer picks), while preserving similar overall character.
Frequency Bands on Phase Breaks
The average instantaneous frequency between one phase break and the next, held constant across that interval. Example: at C38 the frequency band value was slightly lower than surrounding bands; at F11 the corresponding band was slightly higher at a slightly earlier time.

[34:00] Topic 5: Additional Banded Attributes
A number of additional attributes can be computed on a banded basis using phase breaks or envelope breaks, including:
1. Sweetness bands
1. Relative acoustic impedance bands
1. Q bands
1. Bandwidth bands
1. Attenuation bands
1. Thin bed bands
Whether these banded variants carry practical value depends on the specific dataset - exploration and testing are needed to determine which, if any, are diagnostic for a given geologic setting.
An important practical advantage of banded attributes: they are less sensitive to mis-ties than instantaneous attributes. For example, when working with AVO stacks (near, mid, far) that carry residual NMO (RNMO) effects, instantaneous attributes are directly affected by any resulting time mis-ties, while banding may "push through" some of those mis-tie issues.

[38:36] Multi-Attribute Mis-Tie Sensitivity and Anticipated Resolution
A comparison of attribute categories:
	Category
	Trace type
	Mis-tie sensitivity
	Anticipated geobody resolution

	Instantaneous
	Single trace
	None by definition
	Superior/high

	Banded
	Single trace
	Lower than instantaneous
	Possibly good, generally below instantaneous

	Coherency
	Multi-trace
	Fairly low
	Variable

	AVO
	Multi-trace
	Variable (depends on RNMO, statics, land vs. marine)
	Can be quite high or quite poor

	Prestack inversion (with/without wells)
	Multi-trace
	Variable
	Can be high geobody resolution or poor



Marine AVO attributes are generally expected to perform better than land, since marine data avoids near-surface weathering-layer problems.
The appropriateness of a given attribute category also depends heavily on the underlying geology - a chaotic depositional setting behaves very differently from a smooth, well-organized sand-shale sequence responding to systematic depositional processes over geologic time.
Because instantaneous and banded attributes are single-trace, they carry no multi-trace mis-tie sensitivity by definition, and experience has shown they tend to produce superior geobody classification resolution compared to multi-trace approaches, though this does not mean geobodies alone tell the whole geologic story.

[43:39] Simple vs. Complex Geobodies, and the Importance of a Single Base Survey
Simple geobodies are auto-picked using multi-attribute SOM (self-organizing maps) and built from those classifications entirely by machine, without manual intervention - hence "simple."
Complex geobodies involve manual editing - adding, deleting, or combining samples/classifications by hand.
A key principle: always calculate all attributes from a single base survey. Mixing attributes gathered from different surveys introduces inconsistencies in resolution and bin spacing that produce inferior results. Anything that degrades the base survey - acquisition problems, acquisition design issues, processing issues, and especially wavelet processing problems - degrades the resulting geobody classification quality, regardless of how good the underlying attributes and SOM/PCA methodology are.
Coherence remains valuable, particularly along structure and for fault picking; deep learning approaches (referenced as ongoing work applying neural nets to coherency) continue to improve on it. Some attributes, like sweetness, persist in use over many years because they consistently deliver useful information.
AVO attributes (including EEI - extended elastic impedance - indicators) have also proven durable over time, though their sensitivity varies with RNMO, statics, and land versus marine acquisition.
Summary comparison: instantaneous attributes generally offer the best opportunity for resolution; banded attributes can be good but typically fall short of instantaneous attribute resolution.

[48:26] Summary
This presentation covered 13 instantaneous attributes and 13-plus banded attributes (the "plus" reflecting the range of possible banded calculations). Banded attributes sit as an intermediate class between single-trace instantaneous attributes and multi-trace attributes, filling a useful middle ground. The value of banded attributes specifically is still being fully understood as a field, and further exploration is encouraged - they are not a new attribute class, but they may hold additional value for machine learning applications, particularly in situations where ordinary instantaneous attributes are degraded by time mis-ties.
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