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Extracting Local Invariant Features Using
the Approximated LoG Filter
— A GPU-based Implementation —

Naoyuki ICHIMURA'

Abstract Detecting characteristic scales of feature points by the normalized LoG filter is used to
extract local invariant features. Since large amount of computations for convolutions to create scale
spaces are required, the computational cost in detecting characteristic scales has to be reduced for
applications with time constraints. This paper presents a GPU-based implementation of an approximated
LoG filter (ALoG filter). The response of the ALoG filter is calculated from the pixels corresponding
to the extrema of the normalized LoG function to reduce the computational cost. We implement the
filter using the CUDA for fast computation and create the scale space with 5 octaves, 5 images within
an octave and the initial scale 1.6 from a 720x480 pixel image. For the scale space, the ALoG filter is
about 2 times faster than the normalized LoG filter and the computational time is around 14[ms]. The
ALoG filter has much more advantage in its suitability for computing with large scales. We implement
other functions for extracting local invariant features based on the GPU and show their performance.
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Algorithm : LocallnvariantFeatures(img, opt)
ImageTransfer(img, d_i)
YComponentGPU(d_i, d_yi)
for j «— 0 to NO_OCTAVE — 1
DownSamplingGPU(d_yi, d_dyi[j])
for k < 0 to NO_IMAGE_OCTAVE — 1

do GaussFilterGPU(d_dyilj], opt, d_gi[j][k])
do < ALoGFilterGPU(d_gi[j][k], opt, d-ai[j][k], d_ci[j] [k])
ImageDerivativeFilterGPU(d_gi[j] [k], d-ii[j][k])

ExtremaDetectionGPU(d_ai, d_ci, opt, d_emap)
FeaturePointList(d_emap, d_fp_list)

DominantOrientationGPU(d_fp_list, d_ii, opt, d_dor)

DescriptorGPU(d_fp_list, d_dor, d_ii, opt, d_des)
return (d_fp_list, d_dor, d_des)

[Notation]
img: input image
opt: options (e.g.,initial scale)
d_i: input image on a device
d_yi: grey scale image
d_dyi: image pyramid
d_gi: Gaussian scale space(SS)
d_ai: ALoG SS
d_ci: cornerness SS
d_ii: image derivative SS
d_emap: extrema map
d_fp_list: feature point list
d_dor: dominant orientations
d_des: descriptors
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0 1: 0000000000000 00DO00000D0 msj010000000000000ODOO0O0O0UOOOOOOO
oobooooooooobooooooooooooboooooboooooo.

image (#octave) F1.33 (5) boat (5) graffiti (5) graffiti (4)
Task\image size 720x480 800x 640 800x 640 320x240
image transfer 2.588 3.877 3.864 0.623
Y component 0.120 0.160 0.156 0.071
Down sampling 0.163 0.192 0.187 0.104
Gaussian filter 7.882 9.928 9.679 4.423
ALoG-C(NLoG) filter | 13.625 (26.112) | 19.302 (37.769) | 19.261 (37.738) | 3.959 (6.785)

Image derivative filter 4.332 5.984 5.963 1.444
Extrema detection 0.996 1.418 1.571 0.442
Feature point list 11.675 19.499 17.774 2.682

Dominant orientation 3.836 4.399 4.371 2.867

Descriptor 19.821 24.803 23.314 18.381
| Total | 68.136 | 93.334 | 89.715 | 37134 |
| #eature point | 788 | 1914 | 1634 | 453 |
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