Detection/Classification of
Undersea Mines

7 Prometheus Inc.



Automation Difficulties

variable sizes and shapes of
targets
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varia
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e orientations
e clutter levels
e Image data quality
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Noncommutative Group
Harmonic Analysis

Noncommutative group structure on image data
Indexing set including non-standard translations

Affine motion within the image data space

Multi-dimensional (non-separable) feature
encoding

Localization in image/spectral domain
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Processing Speed
Projection Computation < N log N

MATLAB, Windows Laptop, per image
Projection computation ~ 0.9 seconds
(robust and fast detection)

Classification on reduced (by ~ 90%) data set

~ 2.5 seconds
(Image-domain classification, room for improvement)
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TARGET 1 DETAILS
Location: (574,5304)
Present in segment; (533,283

Filteriz) ysed: brightzpot.m thintargets.m

around truth verification: target confirmed, listed at
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PROCESSING DETAILS:

1 target detected in 4.07 3.

nenerating group projections took 3.35 5.
brightzpot.m took 0.11 5 and found 1 target.
boxtargets.m took 0.07 5 and found 0 targets.

thintargets.m took 049 s and found 1 target.

Ground truth lists 1 target.

Found 1 ground truth target and 0 falze
alarms=
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PROCESSING DETAILS:

0 targets detected in 3.72 5.

nenerating group projections took 3.15 5.
brightzpot.m took 0.09 5 and found 0 targets.
boxtargets.m took 0.09 5 and found 0 targets.

thintargets.m taok 0.34 5 and found 0 targets.

Ground truth lists 0 targets.

Found 0 ground truth targets and 0 false
alarms=
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TARGET 1 DETAILS
Location: (111,284)
Present in segment:; (77, 230)

Filteriz) ysed: brightzpot.m thintargets.m

around truth verification: target confirmed, listed at
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PROCESSING DETAILS:

1 target detected in 3.8 5.

nenerating group projections took 3.38 5.
brightzpot.m took 0.09 5 and found 1 target.
boxtargets.m took 0.14 5 and found 0 targets.

thintargets.m took 0.15 s and found 1 target.

Ground truth lists 1 target.

Found 1 ground truth target and 0 falze
alarms=
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TARGET 2 DETAILS
Location: 63,300
Preszent in segment:

Filteriz) yzed: brightzpot.m
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PROCESSING DETAILS:

2 targets detected in 4.03 3.

nenerating group projections took 3.5 5.
brightspot.m took 0.1 5 and found 1 target.
boxtargets.m took 0.2 5 and found 1 target,

thintargets.m taok 0.15 5 and found 0 targets.

Ground truth lists 1 target.

Found 1 ground truth target and 1 false alarm.
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TARGET 1 DETAILS
Location: (296,127
Present in segment:; (229,95

Filteriz) ysed: brightzpot.m thintargets.m

around truth verification: target confirmed, listed at
(795 127
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PROCESSING DETAILS:

1 target detected in 3.77 3.

nenerating group projections took 3.22 5.
brightzpot.m took 0.0& 5 and found 1 target.
boxtargets.m took 0.08 5 and found 0 targets.

thintargets.m took 0.34 s and found 1 target.

Ground truth lists 1 target.

Found 1 ground truth target and 0 falze
alarms=
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PROCESSING DETAILS:

0 targets detected in 3.87 5.

nenerating group projections took 3.1 5.
brightzpot.m took 0.06 5 and found 0 targets.
boxtargets.m took 0.23 5 and found 0 targets.

thintargets.m took 0.42 5 and found 0 targets.

Ground truth lists 0 targets.

Found 0 ground truth targets and 0 false
alarms=
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PROCESSING DETAILS:

2 targets detected in 4.03 3.

nenerating group projections took 3.34 5.
brightspot.m took 0.1 5 and found 1 target.
boxtargets.m took 0.17 5 and found 0 targets.

thintargets.m took 0.38 s and found 1 target.

Ground truth lists 1 target.

Found 1 ground truth target and 1 false alarm.
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Location: (239,258
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PROCESSING DETAILS:

2 targets detected in 4.03 3.

nenerating group projections took 3.34 5.
brightspot.m took 0.1 5 and found 1 target.
boxtargets.m took 0.17 5 and found 0 targets.

thintargets.m took 0.38 s and found 1 target.

Ground truth lists 1 target.

Found 1 ground truth target and 1 false alarm.
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Performance Comparison
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SAS Mine-Like Object Detection ROC Curve

False Calls per Image
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Recovered Lines

Intensity clipping of projection
results

Original embedded lines,
intensity = 50




Wire Detection

Original 2304 x 3456 pixel image 256 x 256 monochrome clip

Horizontal Sum of 8
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~ Wire Detection
256 x 256 clip Sum of 8 projections

256 x 256 clip




Detection In Severe Noise

2 boxes, random size/orientation Gaussian noise added
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