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Nowadays, images and videos are increasingly popular and appear in people’ s daily
life frequently. Institutes carry a surprisingly large number of images, the number
of which is still growing fast. It often occurs that people intend to find their
desired elements and factors in the massive images. In this case, the approaches
to retrieving the images that contain various visual information and detecting
the objects in such images accurately and fast are necessary. Therefore, image
retrieval (IR) and object detection (0OD) has been studied for decades
Content-based image retrieval (CBIR), also known as content—based visual
information retrieval (CBVIR), has achieved noticeable successes in the last
decades. The term “content” represents numerous visual information that can be
possibly extracted from images, such as color, texture, and shape, rather than
semantic meta—data such as tags or descriptions. The CBIR system requires a query
and measures the similarity between the query and each database image to rank the
database images. 0D aims at locating known instances (objects) in images or image
sequences. Common 0D detects semantic objects of classes with the preknowledge.
One extreme situation of OD is when each semantic training class has only one
training image. Such a problem is defined as one—-shot OD or template matching,
where the image for training is also named as the template. Another extreme
situation is named zero—shot 0D, meaning there is no image for direct training
The classifier for zero—shot OD is usually trained by the relationship with other
known classes.

The query for IR is an input image, representing visual information and treated



as a precise request. The query for IR can be an RGB image, depth image, sketch
image, contour image, etc., involving various categories of objects. On the other
hand, for OD, the semantic objects of classes are considered as queries in this
research.

In order to systematize and find the commonalities of the multiple categories
of queries, in this thesis, three of them are discussed, including the two for
IR and the one for OD.

1) The image containing one whole—-body human for IR. Instead of visual similarity
defined by colors, shapes, or textures, this research aims to retrieve images with
respect to the visual similarity defined by the human pose. In this framework,
all the poses are derived from images, which is inspired by the recent development
of 3D human pose reconstruction. Furthermore, to make the retrieval more robust
against reconstruction error, a recurrent bidirectional similarity measure named
recurrent best-buddies similarity (RBBS) is proposed. Both of the qualitative and
quantitative results show the usefulness of this framework, especially the
quantitative results evaluated by mean average precision (MAP or mAP) exhibit RBBS
is improved by 14.13% compared to the most competitive alternative methods.

2) The simplified drawing with only strokes, named sketch for IR. Sketch-based
image retrieval (SBIR) is a popular research field that is to rank database images
by comparing the similarity between query sketch and database images. This thesis
proposes to compress binary line drawing (sketch) by approximation automatically,
considering that it can be applied to SBIR. Specifically, a sketch contains several
strokes, each of which can be segmented into several segments by extracting
breakpoints according to the curvature. The approximation of the segments is
recorded for the compression. The experiment reveals that the relationship between
a certain pair of segments can be represented by some geometrical functions
approximately in a rather low dimension. The proposed compressed representation
is not only invariant with respect to rotation, scaling, and translation but can
also filter out the noise of wobbly lines in some cases if applying it to SBIR.

3) Product images for OD. Product recognition performs a significant role because
of its benefits to the compliant arrangements of stores, which further affects
the commercial contracts, customer satisfaction, and sale achievement. Automatic
recognition systems have been proposed owing to the high cost of the manual
inspection by clerks currently. Because of the difficult collection of product
images, the systems are commonly in one—shot cases, in which the training data
is template product images actually. However, despite the development of one—shot
recognition, the systems rarely utilize special characteristics of products on
retail store shelves, and the frequent updating of templates is still challenging.

Furthermore, it is considered that the product detection can be the basis of product



recognition. In this research, instead of the present workflow, a novel product
detection system, named TemplateFree 1is proposed, which combines product
segmentation and zero—shot learning. It detects products on retail store shelves
by single store shelf images, i.e., corresponding template product images are not
necessary. TemplateFree concentrates on the characteristic that a store shelf can
be segmented horizontally into layers then vertically into products so that each
product can be detected according to the segmentation. Double zero-shot deep
learning frameworks are employed to improve the segmentation. In experiments,

TemplateFree achieves better results than the present method.
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