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• 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
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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
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 • Even Gabor filter responses at N  orien-
tations θi  and M scales ωj

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

• Datasets:

FLAT, TEXTURED 
OBJECT PARTS

NON-FLAT, TEXTURELESS 
OBJECT PARTS

Illumination 
e�ects

Only monotonic brightness 
changes 

More complex and challenging 
e�ects like local changes of 
brightness and edge polarity 

 • 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

1. Extraction of pixel-wise low level features

: absolute response of Gabor filter with rotation θi  
and scale ωj at position p 

2. Spatial pooling

• SIFT-like squared 4 × 4 grid with bilinear 
weighting

Textureless objects 
from ALOI [Geu05]

Textured objects from 
ALOI [Geu05]

Liberty [Bro11] Virtual World [Kan11]

• Gabor Filter Parameter Selection: higher 
frequency and orientation resolution than 
2nd derivative of Gaussian

• Descriptors: 
 - Single-scale without spatial pool-

ing (SSEG)
 - Multi-scale without spatial pool-

ing (MSEG)
 - Multi-scale with spatial pooling 

(MSEG4x4)

- SURF [Bay08]
- DAISY [Tol10]
- MROGH [Fan12]
- MRRID [Fan12]
- FREAK [Ala12]

- GLAC [Kob08]
- BESTDAISY [Bro11]
- LIOP [Wan11]
- SIFT [Low04]
- UGSIFT [Low04]

ALOI Textureless ALOI Textured

Virtual WorldLiberty

Can be handled by common 
image descriptors

Can not be handled by 
common image descriptors

Descriptor 
performance

0 0.1 0.2 0.3 0.4 0.5 0.6
0.4

0.5

0.6

0.7

0.8

0.9

1

False Positive Rate

Tr
ue

 P
os

iti
ve

 R
at

e

MSEG4x4 (0.9854)
MSEG (0.9709)
SSEG (0.9671)
UGSIFT (0.9634)
SIFT (0.9497)
BESTDAISY (0.9387)
DAISY (0.9059)
GLAC (0.8654)
MROGH (0.8551)
LIOP (0.8537)
SURF (0.8535)
MRRID (0.8417)
FREAK (0.7724)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

False Positive Rate

Tr
ue

 P
os

iti
ve

 R
at

e

MSEG4x4 (0.9674)
MSEG (0.9566)
SSEG (0.8892)
UGSIFT (0.8849)
SIFT (0.8585)
BESTDAISY (0.8315)
DAISY (0.8172)
GLAC (0.7350)
MROGH (0.7248)
MRRID (0.7283)
SURF (0.7096)
LIOP (0.7065)
FREAK (0.6706)

0 0.1 0.2 0.3 0.4 0.5 0.6
0.4

0.5

0.6

0.7

0.8

0.9

1

False Positive Rate

Tr
ue

 P
os

iti
ve

 R
at

e

MSEG4x4 (0.9663)
MSEG (0.9440)
BESTDAISY (0.9439)
UGSIFT (0.9418)
SIFT (0.9402)
DAISY (0.9289)
SSEG (0.8844)
GLAC (0.8579)
MROGH (0.8551)
LIOP (0.8537)
SURF (0.8535)
MRRID (0.8417)
FREAK (0.7724)

0 0.1 0.2 0.3 0.4 0.5
0.4

0.5

0.6

0.7

0.8

0.9

1

False Positive Rate

Tr
ue

 P
os

iti
ve

 R
at

e

BESTDAISY (0.9617)
SIFT (0.9498)
DAISY (0.9485)
MSEG4x4 (0.9392)
UGSIFT (0.9301)
MSEG (0.9149)
MRRID (0.8990)
SSEG (0.8791)
LIOP (0.8620)
GLAC (0.8353)
SURF (0.8349)
MROGH (0.8309)
FREAK (0.8107)


