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Abstract
Small screen size and resolution of the cameras and phones cause major hindrance while
browsing through photos. A simple task of selecting a good shot becomes complicated
due to this hindrance. This paper discusses salient object detection, saliency maps and
cosaliency as important concepts that can be applied while developing applications that
help in comparing images on small screens. It discusses factors like light, frame, color,
contrast etc that are responsible for a good image and how they contribute in bringing
out the salient objects in the image and finally in capturing the attention of the people
viewing the image. The paper explains that along with the sophisticated concepts, the
simple factors are also equally important to develop better image comparison applications.

1

Introduction

With the digitization of cameras and the integration of cameras in smartphones, taking photographs has become part of everybody’s daily life. The various photo sharing platforms like
instagram, facebook and many others also motivates us to take more pictures and share them,
thus making photography the most common skill we posses. With the added advantage of low
cost digital memory and the motivation of clicking good photographs people end up clicking
multiple shots of the same scene and then choose the best picture afterwards [8]. Therefore
selecting a good photograph becomes an equally important task.
Although there are many different sophisticated devices available to take photographs, the
attempts made to improve the existing photo software to assist people in this equally important
task of photo triaging: selecting, browsing and sorting the pictures is very less[8]. We still follow
the traditional method of scanning a series of thumbnails and select the good ones. Though
this task is a lot easier on a big screen, doing it on the small screens of our cameras or phones
can be tedious and time consuming. The biggest task of a photographer is to decide on which
image is better than the other, which one to keep and which one to delete to make space to
click more pictures. [5]. While the photographer is struggling to answer these questions all
he has is a tiny screen of his camera to help him make the decision. The limited screen size
makes it much harder to view the tiny thumbnails making us go through the whole pictures by
flipping through them and sometimes even zooming into the picture, which could be the case
while selecting a picture containing a group of people and we are concerned about everybody’s
expression in it [8]. Hence, there is a need to find better ways of doing this task.
Designing a user interface for this task is an ongoing challenge in the field of human computer
interaction. To do so, it is important to understand the concepts which can be applied in
developing better image triaging applications. In this paper, we concentrate on the aspect of
comparing images on small screens and discuss various concepts which could be applied to make
the job of comparing images easier. We try answering the following questions what makes a
good image? how can an image be appealing? How do some images appeal to us more than
the others? How can a machine automatically decide what is appealing and what is not? and
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finally can the machines compare images automatically? To understand the concept of salient
object detections, which is detecting the important regions in an image.
This paper is organised as follows. In the first section we try to understand the things that
are focal for realising a good image. Therefore, factors that lead us into choosing one image
over the other are highlighted. This concept is called the salient object detection and is applied
in machines to find the important objects in the image. In the second section, the theory
behind comparing images automatically will be introduced. In the third section, we build on
the concept of saliency and look for ways of improving it to increase the efficiency of comparing
images automatically through eye fixations. Next section would show how the saliency and eye
fixations would contribute to crop images automatically. The section following it talks about
cosaliency, which shows how to compare multiple images.

2

What makes a good image

Figure 1: Pictures showing how the image factors play an important role in image appeal[1],
[2]
Comparing images on thumbnails would give us the authority to choose the image according
to our choice, that is the image which would appeal to us. Gilani et al., in their work state that
image appeal has an impact on people during photo triaging[3]. But different images appeal
to different people, which means that there is no one such factor in an image that makes it
appealing to us. But, a set of factors which lead us to chose a particular image to be better
than the rest. Hence, understanding what kind of images would appeal to the user and the
factors responsible for it to be appealing would make it easier to gather the saliency data. To
achieve this, we start by defining a good image and see the definition from the perspectives
of a common man, a professional photographer and a current technology which aids in image
comparison.
Image is an artifact that depicts or records the visual perception. Any image which depicts
the visual perception clearly to the viewer without any disturbances that could alter the meaning
can be regarded as a good image. Also, every user will have his perspective for a good image.
To understand this better, take a look at the pictures in Figure1, three picture pairs are shown
here and each image pair focussing on the same subject, but the second image appears to be
more appealing than the first one. Considering the way the pictures have been taken, we can say
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that one is taken by an amateur photographer while the other picture is taken by a professional
who understands the technicalities in clicking a good picture. Considering Figure1 again, the
factors which make second photo much more appealing than the first are: Frame, contrast,
background and lighting [3]. Normally a user would not choose any image whose quality is
deteriorated due to motion blur or out of focus. Other factors that the user would be concerned
about would be pose, facial expression changes and occlusion considered as the local factors[3].
Along with the factors mentioned in the common mans perspective there are other factors
which a professional photographer would consider while defining an ideal image. Some of these
factors are mentioned here[7]
• Getting a good frame - A good picture can be defined when there is a good placement of
the the subject in the picture, there is right symmetry in the picture.
• Avoid distractions- avoid competing points of interests, like fuzzy areas in foregrounds
and busy backgrounds, bright areas at edges.
• A good color composition, including contrast between the darker and the lighter shades,
the color filters available to adjust the color balance.
• The most important part of a good photograph would obviously be an interesting subject.
• The sophisticated camera settings - focal length, shutter speed, aperture and other techniques like lighting conditions - time of the day.
The remaining perspective is that of the already available photo triaging and image comparing applications. It is important to know how these applications define a good image mainly
for two reasons: one, to see if they also consider the above mentioned factors or if there are
some new aspects to be focussed on and second, to understand the extent to which they can be
efficient. Photo triaging and Image comparison applications like the gaze based interaction for
photo cropping do it with the help of human eye fixations - focusing on the Region of Interest
through our gaze and hence indirectly would consider all of the above discussed factors[10].
Another application, brush and drag [8] also does the same, it lets the users decide the region
of interest and hence again the factors are taken care.
All the above discussed factors try to enhance the subject in the image and hence the images
in which these factors are more well defined would be more appealing to the human eye. Similar
technique can be applied to find out the important regions in the image in a machine which is
discussed in the next section of the paper.

3

Saliency

This section explains how the factors mentioned in the previous section can be used to automatically detect the important regions in an image. Perceiving a scene involves a very high
stream of visual data entering our eye every second and we have been gifted with the power
of processing this highly rich data. However, trying to process the same data in real time in
machines is a complicated task. Here we describe a method which the machines follow to do
the same[4].

3.1

Saliency Map

Users tend to select a subsection of the whole scene while perceiving an image and these
subsections will have some salient features or parts that would be more important than its
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surroundings and this is called as the focus of attention or Region of interest [ ROI ][4]. We
have already seen that different features like color, intensity, lighting , background etc., define
the important regions in the image and these regions would in turn form the region of interest.
When the user sees an image, the perceived visual input will be first disintegrated into a set
of topographic feature maps Figure2. Consider an example where an image contains various
features like color, intensity, orientation etc., then there would be a separate feature map for
the color, another feature map for intensity and so on. Then the ROI for the color feature map
would be the one with the most prominent color. Similarly the region of interest is chosen from
different subsections within each map. All feature maps feed is then integrated in bottom-up
manner, into a master saliency map , which topographically codes for local conspicuity over
the entire visual scene[4]. Computer vision interprets salient object detection in two stages : 1)
detection of the salient object and 2) segmentation of that object. Most of the visual attention
models which explain the phenomena do not usually distinguish between these two stages.

3.2

Saliency Model

We describe a saliency model given by Itti and Koch [4] in this section. Nine spatial scales are
generated with the help of a gaussian pyramid, which is used to subsample the input image.
A phenomenon called as center surround is now applied to the subsampled image. This center
surround operation acts similar to the visual receptive fields, where the visual neurons are most
sensitive to the center most part of the visual area and the surrounding concentric regions just
inhibit the response. This architecture is best matched to find out the regions that stand out
from its surroundings. In the given model this is calculated as the difference between the fine
and the coarse scale, fine scale being a pixel at the center with a certain scale and coarse would
be a pixel in its surround with a different scale value. Intensity of the image is obtained by
combining the red, green and blue values of the image. Given as: I = (r + g + b)/3 and this
value of I is used to create the gaussian pyramid I(σ) where σ is the scale. The center surround
differences yield the feature maps. The first set of feature map generated is concerned with
intensity, the second with color and the third with orientation. These feature maps are now
combined in a bottom up manner to get the final saliency map. However combining the feature
map would be a little complicated task since the feature maps are of aspects which cannot be
compared. To overcome this the values in the map are normalised to a fixed range and then
location of the map’s global maxima is identified and finally the square of difference between
the range and the maxima is multiplied with the map. Feature maps are then combined to
form a conspicuity maps I, C, O for Intensity, color and orientation respectively at the scale
σ = 4 of saliency map and they are obtained through the across scale addition, where the each
map is scaled down to the value of σ and then added point by point. The three conspicuity
maps are then normalised and added to get the final saliency map. Finally, at any given time
the maximum in this saliency map gives most salient part of the image to which the focus of
attentions should be directed[4].

4

Human Eye Fixations and Their Contribution Towards
Saliency

Saliency is important to realise the core features of an image. But, saliency alone is not sufficient.
In order to achieve good results the system should learn to see from the perspective of a normal
human being. Where do most of the people look when they see an image? What are the most
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Figure 2: Itti and koch’s saliency model [4]

Figure 3: Pictures depicting the human eye fixations (images taken from flicker.com)
important features that people look for in an image? What appears to the people in an image
first and what comes after? These are the questions that a system should know before realising
the saliency of an image. Understanding of eye fixations would help answering these questions.
One important note, eye fixations and salient object detection sound very similar. One
major difference between these two is that salient detection models detect the salient object
as a whole in a region, which would be pixel accurate whereas eye fixations track human eye
movements and predict the points that people look at. Another notable thing is that due to
the presence of noise, a highly accurate map cannot be expected with eye fixations whereas
saliency models work just well in such situations. However, in practice both these models tend
to provide similar saliency maps so they can be used interchangeably [6].
As reported by several datasets [12] 40 percent of fixations lie within the center 11 percent
of the image; 70 percent of fixations lie within the center 25 percent of the image. This may
be accounted as a bias while observing eye fixations. The paper [6] also presents the idea that
people are more likely to look at human faces in the image most of the times and then at the
5
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text in the image. According to the paper, 10 percent of fixations are on the human faces, 11
percent fixations are on the text and then there are several focal things where people look for
example: animals, motors, human body parts etc., as mentioned in Figure 3. The paper also
states that the focus of the image also changes the regions of interest for example a close up of
human face might change the eye fixations towards the face expressions and eye movement.

5

Automatic Thumbnail Cropping

This section focuses on application of the techniques mentioned in previous section. Consider
an use case, where the user needs to quickly look through the thumbnail images on his mobile
phone and associate some meaningful semantics to each thumbnail. In this case the regular high
resolution image with lot of unnecessary details would not be effective. Instead a well cropped
image would highlight its salient features and aid the user in determining the semantics of the
image. Here, we discuss two techniques for automatic thumbnail cropping [11]: cropping based
on the saliency map and face detection based cropping [11].

5.1

Saliency based cropping

This approach adopts the method of salient object detection by creating a saliency map of the
image which contains the information about each position in the image that is important. These
saliency maps are based on human visual attention [4]. The generated maps consider only the
salient parts of the image and not the context of the whole image. Hence, the first step for
producing a good crop is generating a saliency map. Once the saliency map is generated, the
goal of this technique is to find a rectangle from an original image that can be called as a good
thumbnail based on two points: 1) The rectangle should contain as much of the salient parts of
the image as possible. 2) The rectangle should be as small as possible. The cropping rectangle is
formed with the help of algorithms. The most basic technique to find rectangle from an image is
by using brute force algorithm [4]. The process would be more efficient using greedy algorithm
as it involves fewer iterations for computing saliency maps, square the saliency to enhance the
results. The Figure4(a) shows an image of a cat, which is processed based on Itti and koch[4]

Figure 4: Saliency based thumbnail cropping: (a) original image, (b) saliency map , (c) cropped
image [4]
model in order to find the saliency map that gives the salient parts of an image as shown
in Figure4(b). Then, a crop is generated based on finding rectangle using dynamic threshold
algorithm and hence the image Figure4(a) is cropped accordingly to produce a thumbnail as
shown in Figure4(c) that would help the user to quickly associate semantics to the image.
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Figure 5: Face detection based thumbnail cropping: (a) original image, (b)face detection algorithm , (c) cropped image

5.2

Face detection based cropping

For images containing faces, its better if only the faces in image are focussed and shown in
the thumbnail and eliminate other details of an image, which can be achieved by applying the
face detection algorithm. This is the second technique discussed by Suh et al.,[11]. We focus
on faces when we see an image containing faces. Based on human eye fixations, Suh et al.,[11]
present a technique of face detection based cropping in an image containing faces.
In face detection based cropping, a face detection based algorithm is applied on an image
that generates saliency maps based on human face detection and hence a crop is generated
by placing a best fit rectangle on the parts of an image where face was detected or where
saliency map pointed out as important region. An example of that can be observed, Figure5(a)
represents an input image on which face detection algorithim is applied as seen on Figure5(b)
which finally produces a crop that can be seen as in Figure5(c).

6

Cosaliency

Figure 6: (a)and(b)images in same scene (c)and(d)same objects in different scene [9] and [5]
Salient object detection is an important step to identify the important regions within an
image. But they alone are not enough to make image triaging(scanning, sorting and selecting
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photos) tasks easier for the photographers. This section introduces a new method cosaliency
that aids the users in comparing images. Cosaliency builds upon saliency, and is a model of
image saliency in context of other images. This basic method of cosaliency was first presented
by Itti and Koch [4] and then many models have been built upon the Itti and Koch’s model [4]
like the one focused on user’s gaze and cosaliency detection [5] or model of saliency based visual
attention[4]. According to the Jacobs et al.,[5] cosaliency is described as, a learned model
for calculating the importance, or saliency, of image pixels in the context of other images.
Cosaliency is different from normal saliency detection techniques as it is not a only a property
of single image but a property of image set.
In this section we discuss two models of cosaliency based on two different use cases. The first
model of co-saliency is the one presented in [5] that evaluates image cosaliency for images in
the same scene. Consider Figure6(a)and(b), both the photos are taken in the same scene. But,
they are different sequence shots, probably taken at slightly different times and hence denoting
slight change in image. The cosaliency model that can be used for such cases is proposed by
Jacobs et al., [5]. The other model of saliency is presented by Li et al.,[9] evaluates image
cosaliency for same image pairs. Consider Figure6(c) and (d) both of them taken at different
locations but the objects are the same and hence the cosaliency model proposed by [9] is used
for cases like this. Both of these models are discussed in detail in following sections:

6.1

Image Pair For The Same Scene

This cosaliency model as proposed by Jacobs et al., for image pairs in the same scene follow a
three step approach, these steps are discussed as follows:
• Detecting Changes: First step of this cosaliency model is detecting changes as saliency
of images changes with context. Therefore, a user study is conducted in order to notice
these changes. Users are presented with a pair of images for the same scene and users
should crop the regions on both of the images where they can spot noticeable differences
or interesting changes in the images. This step is important in order to see how users see
the difference between the image pairs for the same scene. Consider Figure7 (a) amd (b)
that were given to users in order to realise significant differences and as you can see the
red crop in both images denote the most interesting change in the image pair, that is the
change in kids postion. Once, such results are gathered these are used to generate goal
maps that present the users interest regions in the image. The goal map based on user
input can be seen in the Figure7(c). The bright circular part in Figure7(c) represents the
region with significant difference.

Figure 7: (a)and(b)Input images (c)Goal map [5]
• Learning What Matters: In this step of cosaliency model Jacobs et al.,[5] use a machine
learning approach to compute cosaliency as proposed by that of Judd et al.,[6] : in which
all of the user generated maps that or goal maps are treated as binary classifiers on the
saliency of pixels in the image pairs. If a pixel is in top 30 percent of the goal maps
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histogram, it is classified to be a salient pixel. Certain calculated image features along
with these classification act as linear support vector machine. The end result is a linear
combination of number of image features that together form a good estimate of the goal
map.
Further, two kinds of image features are taken into consideration which are: single image
features and multiple image features which are discussed below.
• Single Image Features
– Faces: Face detection based algorithms are applied in order to formulate saliency
maps based on realising faces as the salient part of image. Refer to Figure8(a) to
view an example of saliency map based on faces.
– Judd Saliency: The image saliency model as proposed by Judd et al.,[6] is applied in
order to formulate saliency maps. Refer to Figure8(b) to view an example of saliency
map based on Judd Saliency.
• Multiple Image Features
– Flow Divergence: This technique is used to notice interesting changes between images
by comparing the motion of each pixel in an image with respect to other in a time
series. Discontinuities are computed by calculating divergence between the images.
These discontinuities actually account for the interesting changes between images.
Refer to Figure7(a) to view an example of saliency map based on flow divergence.
– Nearest Neighbour Error: This technique is used to notice the patch error between
the images. The source image is compared with the closest matching image for a
specific feature or object if the objects are not matching to great extent the patch
error is high. Refer to Figure7(b) to view an example of saliency map based on
nearest neighbour error.
– Nearest Neighbour Incoherence: This technique is used to notice the coherent feature
between the source image and the closest matching images. The images that are
highly matching have highly coherent regions while in the case where the images
which don’t match, they have high incoherent regions. Refer to Figure9(c) to view
an example of saliency map based on nearest neighbour incoherence.

Figure 8: (a)Saliency map based on faces (b)Judd saliency map [5]
Based on the linear combination of image features as presented above, a cosaliency map
is generated which can be seen in Figure9(d) for the input images as shown in Figure7(a)and(b)
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• Collection Aware Cropping: Based on the cosaliency map generated in the previous step
of learning what matters which was depicted in Figure9(d) it is now converted into a
binary saliency map as shown in Figure10(a). On the binary saliency map as shown
in Figure10(a) then some morphological operations are applied in order to separate the
dense important regions marked by the dark red color from less important regions shown
in red color and hence a uniform area of salient features is generated. Figure10(b)shows
this clearly as dark red uniform circular region. Based on this uniform region on saliency
map a good crop is generated for pictures that can be viewed in Figure11 for the input
images Figure7(a)and(b) which was provided earlier.

Figure 9:
(a) flow divergence figure (b)Saliency map based on nearest neighbour error
(c)Saliency map based on nearest neighbour incoherence(d)Cosaliency map [5]

Figure 10: (a)Binary saliency map (b)Cropped region [5]

Figure 11: (a)Crop one (b)Crop two [5]

6.2

Image Pair With The Same Object

This co-saliency model as proposed by Li et al.,[9] for image pairs with same object follow a
three step approach, these steps are discussed as follows:
10
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Figure 12: (a)SISM (b)MISM (c)Cosaliency map [9]
• Single Image Saliency Map(SISM): In this step different models of saliency are applied
to the input image and then they are linearly combined in order to get a single image
saliency map.
• Multiple Image Saliency Map(MISM): In this step recursive pyramid decomposition of an
image pair is performed. Each image is further partitioned into a series of finer spatial
regions by recursively partitioning regions at each level of resolution. Further color and
texture descriptors are used to extract region features. Finally, in order to derive the
co-salient object from an image pair a co-multilayer graph is designed which is then used
to compute the multi image saliency map.
• Co-Saliency Map Generation: The co-saliency map is generated by linearly combining
single image saliency map and multiple image saliency map.

7

Conclusion

Image comparison on a small screen device is definitely a more challenging task. To develop
applications which could efficiently perform this task it is important to first clearly understand
the properties of a good image and perspective of the human beings towards a good image.
Understanding all the different features would not only help in building more efficient systems
to do the task but also in evaluating the already existing systems. Applying the knowledge
about human appeal towards a good image in developing saliency maps is very important to
get the desired effects, a brief idea of saliency maps and models has also been given in the paper.
A lot of research is happening in this field and therefore understanding a clear way to link all
the different factors that are responsible for a good image to creating saliency maps and then
developing cosaliency maps would be interesting. Though not many good applications have
been developed in this area effort has been made to collect different ideas about how this can
be applied to make a good application is given in the paper. In conclusion, we would say that
this area of study would have real scope for future developments to come up with an optimal
solution for the problem of comparing images on small screens.
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