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1. Introduction

Various unsupervised distance learning methods have been
proposed with significant improvements in the effectiveness of
image search systems.

The general objective of these methods consists in replacing
pairwise distances by more global measures, by capturing and
exploiting the intrinsic manifold structure of the datasets

However, despite the relevant effectiveness gains, these
approaches commonly require high computation efforts, not
addressing properly efficiency and scalability requirements.

In this work, we present a novel unsupervised learning approach
for improving the effectiveness of image retrieval tasks. The
proposed method is also scalable and efficient as it exploits parallel
and heterogeneous computing on CPU and GPU devices.

2. RL-Recommendation Algorithm

The RL-Recommendation  (Ranked  Lists-Recommendation)
algorithm is mainly based on the concept of unsupervised
recommendations among images, in which images at top positions
are recommended to each other. The recommendation means that
the distance between two images should be decreased.

The RL-Recommendation algorithm can be broadly described
considering four main steps:

Computing the Sparse Distance Matrix: the input of the
algorithm consists of the set ranked lists (which ensures
scalability properties of the algorithm). However, since
unsupervised recommendations require distance scores, they
are computed based on ranked lists. Only the distances among
images at top positions of ranked lists are considered, leading
to a sparse distance matrix

Computing the Cohesion Measure: the cohesion measure
provides an unsupervised estimation of effectiveness of ranked
lists.

*Performing Unsupervised Recommendations: the top
positions of ranked lists represent the information with the
higher accuracy. This information, exploited for creating a top-k
image profile, supports the unsupervised recommendations.
Two images contained in this profile constitute an indication of
similarity, producing a recommendation which reduces the
distance between them.

*Sorting Ranked Lists: the recommendations change the
distances among images. Therefore, ranked lists must be
updated to reflect the new ranking.

Parallel Design
The OpenCL standard was used, considering CPU and GPU devices:
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Repeat until convergence

3. Experimental Evaluation

Extensive experiments were conducted considering five different
public image collections:

* Soccer (280 images, 3 descriptors); MPEG-7(1,400 images, 6

descriptors); Brodatz (1,176 images, 3 descriptors); N-S Dataset (

10,200 images, 5 descriptors); ALOI (70,000 images, 4

descriptors).

Effectiveness gains up to +29%.
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* Efficiency Evaluation
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e Effectiveness Evaluation (ALOI dataset)

Descriptor Original Baseline: RL- (GGain
MAP RL-Sim Recom.
ACC 44.15% 46.12% 50.11%  +13.50%
BIC 71.95% 78.84% 80.35%  +11.67%
CCV A47.77% 50.96% 53.52%  +12.04%
GCH 50.87% 53.14% 55.81% +9.71%
LCH 58.85% 66.03% 72.63%  +23.42%

 Effectiveness, Efficiency and Scalability Evaluation
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* Example of Visual Results (ALOI dataset)
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4. Conclusions

In this work, we have presented a novel unsupervised learning
algorithm for image retrieval tasks. The proposed approach differs
from previous works, as it considers at the same time effectiveness,
efficiency, and scalability issues.

In addition to the significant effectiveness gains, the algorithm
requires low computation efforts, presenting very positive efficiency
and scalability properties. We have also exploited parallel
computing for heterogeneous environments.
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