Noise Addition



Noise Type

 Random Noise

* Acquisition Footprint
* Migration Artifacts

* Residual Statics



Gaussian Noise

def generate_filtered_gaussian_noise(shape, dtype, sigma_filter, seed):
"""Generates the base filtered noise (Java-style replication)."""
print(f"Generating base filtered Gaussian noise (sigma={sigma_filter:.4f}, seed={seed})...")
rng_state = np.random.get_state()
np.random.seed(seed)
g_noise = 2.0 *x (np.random.rand(xshape) - 0.5)
np.random.set_state(rng_state)
g_noise = g_noise.astype(dtype)

print(f"Applying Gaussian filter (sigma={sigma_filter:.4f}) with 1st derivative along axis 2...")
try:

input_dtype = g_noise.dtype

if np.issubdtype(input_dtype, np.integer):
g_noise_float = g_noise.astype(np.float64)

else:

g_noise_float = g_noise
filtered_noise = gaussian_filter(g_noise_float, sigma=sigma_filter, order=(@, @, 1), mode='nearest')
filtered_noise = filtered_noise.astype(dtype)
22 ® except Exception as e:
print(f"Error during Gaussian filtering: {el}")
raise
return filtered_noise
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Acquisition Footprint

* We define the acquisition footprint to be any pattern of noise that is
highly correlated to the geometric distribution of sources and
receivers on the earth's surface. (Marfurt et al., 1998)
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Acquisition Footprint
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(Fig 4: Chen et al., 2022)



Migration Artifacts

 Artifacts in migrated seismic data can be caused by acquisition
geometry, noise or non-primary wavefields in the data, the migration
algorithm itself or errors in the velocity model. (Abma et al., 1999)
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(Fig 5: Yoo & Zwartjes, 2022)



Migration Artifacts

The smile-only segment of a section, in Fig. 3b is constructed based
on the geometry of the reflection-only segment within that section
meaning the artifact apex is positioned at the location of a reflector.
At every location along a reflector it is randomly decided whether to
place a migration smile or not. For each smile event that is placed,
the wavelet, dominant frequency, opening angle and amplitude are
all randomly chosen. (Yoo & Zwartjes, 2022)



Migration Artifacts
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Residual Statics

* Land seismic data sets often are challenged by near-surface
weathering layers. They can lead to wave propagation effects that
manifest themselves mostly as undesired time shifts, commonly
called “statics”. (Taner et al., 1974)



Residual Statics
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Multiples

* The limited size of the spatial aperture of a seismic gather causes
multiple- and primary-reflection energy to spread out and cross-hatch
the image of the parabolic Radon transform. (Wang, 2003)



Multiples
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Display of noisy data



noise_config.yaml X

noise_config.yaml

gaussian_noise:
enabled: true

nrms:
min: 9.1
max: 9.3

acquisition_footprints:
enabled: true

alpha: @.005
random_min_val: -1.@
random_max_val: 1.0
no_smoothing: false

noise_amplitude:

min: 1.0
max: 2.0
X_period:
min: 1
max: 2
y_period:
min: 1
max: 2
gaussian_sigma:
min: 1.0
max: 3.0

noise_direction: 'random'
48
migration_artifacts:

enabled: true

peak_prominence: 0.15
max_artifact_radius: 25

n_artifacts:

min: 100
max: 200
curvature:
min: @.005
max: 9.1

artifact_direction: 'random'



Artifacts + Gaussian Noise
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Artifacts + Gaussian Noise
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Footprints + Gaussian Noise
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Footprints + Gaussian Noise
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Artifacts + Footprints + Gaussian Noise
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Artifacts + Footprints + Gaussian Noise
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Denoised
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