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Geometrical Feature Extraction of Hidden Objects with Millimeter
Wave Imaging by Shape Descriptors and Principal Components
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ABSTRACT

Millimeter wave (MMW) imaging has found rapid adoption in security applications such as concealed object
detection because of is penetrating property to clothing. This study addresses the concealed object segmentation
and geometric feature extraction with passive MMW imaging. The multi-level segmentation extracts the body area
at the first level and the object area from the body area at the second level. Shape descriptors such as
perimeter, size, major and minor axes, and the eigenvalues of the principal components are calculated from the
segmented object area. Scale, rotation, and translation invariant features are composed of compactness,
rectangularity, ellipse eccentricity, and principal component eccentricity. In the experiments, three metallic objects
(gun, knife, hand-axe) and one non-metallic objects (plastic lotion bottle containing liquid) concealed under
clothing are captured by the passive MMW imaging system. The geometric features extracted from the segmented
areas and the binary models of the real objects are compared showing more than 91% accuracy for metallic

objects and 87% for a non metallic object.
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Fig. 8. Concealed metal object (knife) segmentation, (a)
histogram and GMM of ROI segmentation, (b) ROI
segmentation result, (c) histogram of ROI and GMM of
target segmentation, (d) target segmentation result.
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Table 1. Shape descriptors and eigenvalues of principal
components.

Knife Gun Hand-Axe | Lotion Bottle

Exp | Truth | Exp | Truth | Exp | Truth | Exp | Truth

T 30 30 539 57 3528 35 25 30
A 45 41 [100.84| 137 | 7491 | 72 53 62
w o [15232]14.142| 22.85 |24.187| 14.99 [13.342| 10.77 | 13.15
h 3.414 | 3536 | 10.42 |11.163| 8.08 | 9.294 | 5.385 | 5.474

A1 [ 155.353 | 147.343 | 344.442 | 394.69 |181.420 | 140.119 | 82.210 [121.858
A2 | 8.385| 6.428 [54.01855.528|34.303 30.845|18.954 | 17.246
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Table 2. Relative error of shape descriptors and
eigenvalues of principal components.

Knife Gun Hand-Axe |Lotion Bottle

T 0 0.0544 0.0080 0.1667

A 0.0976 0.2639 0.0404 0.1452

w 0.0771 0.0553 0.1235 0.1810

h 0.0345 0.0666 0.1306 0.0163

N 0.0544 0.1273 0.2948 0.3254

A 0.3044 0.0272 0.1121 0.0990
AVG(%) 9.47 9.91 11.82 15.56
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Table 3. Geometric features of experimental results and
real-world models.

Knife Gun
Exp | Truth | Exp | Truth | Exp | Truth | Exp | Truth
¢ |0.628 | 0.573 | 0.436 | 0.530 | 0.756 | 0.739 | 1.066 | 0.866
r | 0.865 | 0.820 | 0.424 | 0.508 | 0.619 | 0.584 | 0.914 | 0.861
e |0.224 | 0.250 | 0.456 | 0.462 | 0.539 | 0.697 | 0.5 | 0.416
f 10.9985] 0.999 |0.9876{0.9901 | 0.982 [0.9755|0.9731|0.9899

Hand-Axe | Lotion Bottle

4 A8 5] A2
Table 4. Relative error of geometric features.

Knife Gun Hand-Axe | Lotion Bottle
c 0.096 0.177 0.023 0.231
r 0.0549 0.165 0.0599 0.0616
e 0.104 0.013 0.2267 0.2019
f 0.0051 0.0025 0.0067 0.0170
AVG(%) 6.38 8.96 7.91 12.78
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Fig. 9. Average relative errors (%) between segmented
objects and truths.
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