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Powerful local image descrip-
tors are insensitive to certain
image transformations like rota-
tion, scaling or blurring

We focus on insensitivity to il-

lumination changes on NON-
FLAT, TEXTURELESS OBJECT PARTS

FLAT, TEXTURED
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More complex and challenging

lllumination Only monotonic brightness effects like local changes of
effects changes . .
brightness and edge polarity
Descriptor Can be handled by common Can not be handled by
performance image descriptors common image descriptors
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Experiments

Evaluation: ROC curves generated from descriptor distances on
sets of true and false patch pairs
Datasets:

Virtual World [Kan11]

Textured objects from
ALOI [GeuO5]

Textureless objects
from ALOI [Geu05]

Gabor Filter Parameter Selection: higher A
frequency and orientation resolution than A
2nd derivative of Gaussian ' A 4
Descriptors:
- Single-scale without spatial pool- - SURF [Bay08] - GLAC [Kob08]
ing (SSEG) - DAISY [Tol10] - BESTDAISY [Bro11]
- Multi-scale without spatial pool- - MROGH [Fan12] -LIOP [Wan11]
ing (MSEG) - MRRID [Fan12] - SIFT [Low04]
- Multi-scale with spatial pooling - FREAK [Ala12] - UGSIFT [Low04]
(MSEG4x4)

Conclusions

e-mail:
web:

Comprehensive evaluation of current image descriptors for sce-
narios with strong illumination changes that induce complex
appearance variations

Proposed Gabor-based descriptor outperforms other descrip-
tors, especially on textureless surfaces

zamba@caa.tuwien.ac.at
http://caa.tuwien.ac.at/cvl/people/zamba/

Methodology

\_

A. Extraction of pixel-wise low level features A

- Even Gabor filter responses at N orien-
tations 6. and M scales .

- Even Gabor filters are effective for capturing smooth / isotro-
pic as well as non-smooth / anisotropic surface characteris-
tics under illumination changes [Osa07]

- Normalization on a per-pixel level to deal with locally vary-
ing brightness changes
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F'(p, 0;,w;): absolute response of Gabor filter with rotation 6
and scale w. at position p y

2. Spatial pooling

- SIFT-like squared 4 x 4 grid with bilinear
weighting

Results

=
©
T

=
N

=
o))

True Positive Rate

=
)

True Positive Rate

=
o
T

ALOI Textured

- A - . - 4 1 - - oo - - SN IER, DN D S
z 4 \‘|\\AH 0 | 1 |- |
R !
|

||||||||||

i |
\\\\\
\\\\\\\
\\\\\\\\\\\\
1l
vt
Vi

. \
[
ot
\
\
Y
\\\\\
\\\\\\\
\\\\\
W
Q9

W
\
\
\
,\\ .
\

=& : MSEG4x4 (0.9854)
MSEG (0.9709) |
v | € SSEG (0.9671) |
=-@= UGSIFT (0.9634)
@ SIFT (0.9497) ‘

| =E-BESTDAISY (0.9387) |
RCra SRR EEE R =3 :DAISY (0.9059)

GLAC (0.7350) R | GLAC (0.8654)
A MROGH (0.7248) SR | ‘ 3 MROGH (0.8551)

MRRID (0.7283) | ost. -~ |=©-LIOP(0.8537)
=4 SURF (0.7096) ' \ =4 SURF (0.8535)

N
~
~
~ P~
08\\

23 = MSEG4x4 (0.9674)
""" A7 | == MSEG (0.9566) |
¢ SSEG (0.8892)
== UGSIFT (0.8849)
| @ SIFT (0.8585) |
=E-BESTDAISY (0.8315) |

=M@ ' DAISY (0.8172)

True Positive Rate
(@)
N

=
»

== LIOP (0.7065) MRRID (0.8417)

A\ FREAK (0.6706) A\ FREAK (0.7724)
| I I I I I I i 04 I I I I i
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0 0.2 0.3 0.4 0.5 0.6

False Positive Rate False Positive Rate

Virtual World

-
- B -\_\\\‘\

\
Ll
\\\\\\\\\\\\\
ey

'
al
\\\\\\\\\\
\ \ \
\ ™ A 7 e~ e gws e et N EagS o
\ g \
\ ’ \
vV \ \
\\\\\
\\\\\\
\\\\\
\
\
\
\
\
\\

=
o
T

| @ SIFT (0.9498)
=3 ' DAISY (0.9485)
=® ‘MSEG4x4 (0.9392) |
—&— UGSIFT (0.9301)
== MSEG (0.9149)

MRRID (0.8990)
€)' SSEG (0.8791)
=~ LIOP (0.8620) ER | |
GLAC (0.8353) | osMl =
=+ ' SURF (0.8349) \
% MROGH (0.8309)
A\ FREAK (0.8107)

MSEG (0.9440)
' | =E=BESTDAISY (0.9439)|
—@— UGSIFT (0.9418)
@ SIFT (0.9402)
A | =3 ' DAISY (0.9289)
B aanEEEEEEEREEEE R ) SSEG (0.8844)
o | GLAC (0.8579)
2 MROGH (0.8551)
=©- LIOP (0.8537)
=+ ' SURF (0.8535)
MRRID (0.8417)
1A\ FREAK (0.7724)

True Positive Rate
(@)
\l

=
o)

0.5 0 0.1 0.2 0.3 0.4 0.5 0.6
False Positive Rate

0.2 03 0.4
False Positive Rate

References

[Ala12]
[Bay08]
[Bro11]
[Fan12]
[GeuO5]
[Kan11]
[Kob08]
[Low04]
[Osa07]

[Tol10]
[Wan11]

Alahi, A, Ortiz, R., Vandergheynst, P.: Freak: Fast retina keypoint. In: CVPR. (2012) 510-517

Bay, H., Ess, A., Tuytelaars, T., Van Gool, L.: Speeded-up robust features (SURF). CVIU 110(3) (2008) 346-359

Brown, M., Hua, G., Winder, S.: Discriminative learning of local image descriptors. PAMI 33(1) (2011) 43-57

Fan, B.,, Wu, F,, Hu, Z.: Rotationally invariant descriptors using intensity order pooling. PAMI 34(10) (2012) 2031-2045
Geusebroek, J., Burghouts, G., Smeulders, A.: The Amsterdam library of object images. IJCV 61(1) (2005) 103-112

Kaneva, B., Torralba, A., Freeman, W.: Evaluation of image features using a photorealistic virtual world. In: ICCV. (2011) 2282-2289
Kobayashi, T., Otsu, N.: Image feature extraction using gradient local autocorrelations. In: ECCV. (2008) 346-358

Lowe, D.: Distinctive image features from scale-invariant keypoints. [JCV 60(2) (2004) 91-110

Osadchy, M., Jacobs, D., Lindenbaum, M.: Surface dependent representations for illumination insensitive image compari-
son. PAMI 29(1) (2007) 98-111

Tola, E., Lepetit, V., Fua, P: Daisy: An efficient dense descriptor applied to wide-baseline stereo. PAMI 32(5) (2010) 815-830
Wang, Z., Fan, B., Wu, F.: Local intensity order pattern for feature description. In: ICCV. (2011) 603-610

This research has been supported by the Austrian Science Fund (FWF) under the grant TRP140-N23-2010 (ILAC)
Presented at SCIA 2013, Espoo, Finland



