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Abstract. This paper presents a computational method to extract optimum rectangular Regions of Interest (Rol) in images with
an associated saliency map. Although saliency maps provide an individual relevance measure for each pixel, to find the sub-image
(i.e., rectangular region) that contains the set of the most relevant pixels requires an optimisation procedure to define the boundaries
of the best Rol. This is achieved by the method devised in the paper, by following an approach based on balancing the amount
of relevant information that is included and excluded from the Rol. The results show that such method is capable of finding the
most relevant rectangular Rol and thus to extract the optimum sub-images according to the relevance measure given by a generic
saliency map. Since the method is not tied to any particular type of images, it finds application in quite different fields, such as
salient object extraction and processing in industry and surveillance, image compression using attention modelling, biomedical
imaging, etc.

INTRODUCTION

Detection of Regions of Interest (Rol) in images and video has been a research field of interest for different types
of applications. In general an Rol is an image region with higher relevance than the remaining regions, according
to some predefined criterion. For instance, regions that attract higher human visual attention than others may be less
compressed than others to improve subjective quality, objects with higher relevance than others in specific application
scenarios may be necessary to be identified (e.g. biomedicine, image compression, remote surveillance), etc [1][2].
The first step in automatic Rol detection algorithms is to compute a saliency map representing the relevance of each
pixel in the image [3]. In more complex systems, 2D and 3D images/video maybe integrated in a single framework
to increase the efficiency of saliency map computation through fusion of relevant features in the two visual domains
[4][5]. Then, based on the saliency maps, the second step is to define the best Rol that meets the specific requirements
of a target application [6][7][8].

To extract sub-images containing the most relevant visual content of higher resolution images/video, it is nec-
essary to compute the best rectangular Rols from saliency maps. Since these are defined by irregular shapes and
non-uniform intensity values representing the relevance of each pixel, the problem of finding the optimum sub-image
(i.e., the best rectangular Rol) is a computational challenge open for further research. This paper addresses this prob-
lem by proposing an efficient method capable of finding the boundaries of the best rectangular Rol inside an image
of higher resolution. To this aim we define a metric associated to each point in the saliency map, which measures the
amount of relevant visual information beyond that point (to include in the Rol) as well as the loss of information in
the region to be excluded from Rol, when such point is chosen to be the upper left corner of the Rol. The efficiency
of the proposed method is compared with other state-of-the-art methods based on maximisation of the signal energy
contained in the Rol [7].
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Proposed Method

The purpose of this method is to obtain a submatrix S of a given matrix A. The original matrix is assumed to have
some points of high interest with high intensity and some others of residual interest and lower intensity. In general, we
are interested in finding a submatrix that contains the most relevant information with the smallest possible size (i.e.,
image region). In order to attain such a goal, we have designed the following procedure:

1.
2.

Re-sample the original matrix A and obtain a 100 by 100 matrix, which we continue to call A;

Assign to each entry of the re-sampled matrix a value which measures the likelihood that that entry has for being
an upper left corner or a lower right corner for the submatrix; this is achieved using a formula that weights the
amount of information, which is enclosed in the submatrix and the one that it is left outside of it (further details
are given below); the metric dy . (x, y) measures the likelihood that the point (x,y) € {1,..., 100} x {1,..., 100}
has of being a potential upper left corner, while d;z(x, y) does the same but for a lower right corner,

A(x, -
doey= S BEN S e

(i.))eD; (x.y) g (@.)gD (x.y)

A, ) .

dig(ry)= D === Y Ayl
(i.)EDs(x.y) (0, )¢Dx(x.y)

here r = +/(x — )2 + (y — j)?, and the two regions D1 and D2 are defined as
Di(x,y) ={G ) | (x,y) < @, D}

Da(x,y) = {6, ) | (G, ) < (x, 0)}

where (x,y) < (i, j) means x < i and y < j; it is clear that this task is computationally the most demanding, it

takes approximately 20 seconds to run on a desktop computer; for each entry in the re-sampled matrix there is

the need to sum over all entries in the matrix, it involves a summation procedure with 108 terms, (100 x 100)?;

Normalize the likelihood values in to the interval ] — oo, 1]; this normalization gives rise to a linear ordering of

the possible threshold values which will be searched between 0 and 1, the most appropriate of it will define the

two corners (upper left and lower right) of the desired submatrix, and thus the expected output;

For each normalized threshold value ¢ € [0, 1] compute the associated corners for the submatrix accordingly to

the following steps:

(a) Find all entries (x,y) € {1,...,100} x {1, ..., 100} for which dy(x,y) > t;

(b) Define ul = (uly,ul,) as the minimum of all those entries encountered in the previous item (this defines
the upper left corner);

(¢) Similarly, find all entries (x,y) € {1,...,100} x {1, ..., 100} for which d;z(x,y) > t, and take [r = (Iry, Iry)
to be the maximum of all those entries (this defines the upper left corner);

(d) For the set of all entries (x, y) obtained in item (a), let us call it XY UL we compute its mean absolute devi-
ation, MEAN (ABS (XYUL-MEAN (XYUL) ), this measure gives us an idea of the dispersion of the results, more
specifically we also compute the min absolute deviation MEAN (ABS (XYUL-MEAN (XYUL) ), this measure is
particular for the upper left corner;

(e) We repeat the previous step for the values obtained in item (c) and compute, in addition, the max absolute
deviation, this is particular to the lower right corner and it gives a measure for its dispersion values;

(f) Having the candidate values for the upper left (ul,ul,) and lower right (Ir,[r,) corner as obtained in
items (b) and (c), we can determine the ratio of energy captured in the submatrix, as well as its area
in proportion to the entire matrix A, for convenience let us denote by S(¢) the submatrix of A which is
obtained as S(1) = A(uly : Iry, uly : Iry), this gives us

E() = Total Energy in S(?)

Total Energy in A

Total Area of S(¢)
Total Area of A
where by energy of a matrix we mean the sum in absolute value of all entries in the matrix and by area we
mean the number of its elements; this values are used to define a performance value to each threshold and
then to select the best possible one;

Ar) =
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(g) The best possible threshold is the value 7 € [0, 1] for which E(?) is the greatest possible and at the same
time the value of A(7) is the smallest possible one; these two goals are contradictory as one can see in
Figure 1.

2 Area and Energy ratio for threshold in [0 1]

ey T

T
: «  energy ratio

08| i «  arearatio
e, : performarnce

08 e, “ : ———-hestvalue [

07

06

rrese

05

e

03

L
I :

02

|
|
|
;
e N
|
|
1
|
|
b
|
|
|
|
|
|
|
|
1
|
|
]
|
|

] 02 04 0.6 08 1
threshald

FIGURE 1: Antagonism between energy and area in a concrete example

This observation suggests the need for a suitable performance measure, from which the information on
the best possible threshold can be extracted; we have done several experimental tests and the best formula
for the evaluation of the performance for a given threshold value ¢ € [0, 1] turned out to be the following

one
1+ VE®

PO =15 0y

it is easy to observe that —1 < p(f) < %, and that the best values are the ones for which the performance is
closer to 0. This means that the best value for the threshold is obtained by taking the value 7 for which the
absolute value of p(f) is minimal;

5. Use the best possible value obtained on item (g) and return the associated values;

Another possibility to step (g) is to ask the user to specify a minimum value for the energy ratio E(f), a maximum
value to the area ratio A(¢) and then find the two values 7., #, € [0, 1] such that E(z,) is greater of equal than the
specified value for the minimum energy value, A(z,) is less or equal than the prescribed value for the minimum
area ratio and take the average value
te +1,
2

as the best possible threshold value;

7. In addition to the best possible value obtained as any one of the two previous items, the user may also be asked
of what threshold it is the most desirable one, having at his disposal all the information that is gather associated
to each threshold value.

Several tests have been done and the procedure is robust and has proven to have a good overall performance.

Here are some examples of its performance.

Example with 80% enery and 10% area

We have run a battery of tests and here we show the results for an implementation of the previous procedure with an
input of four images with a resolution <2160x3840x4 uint8> where the user has the option for using the proposed
threshold value as obtained in item 6 above, or to change its value. Figures 2 to 5.
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1 Area and Energy ratio for threshold in [0 1]

threshold 0.49495; UL=648 1651 LR=1512 2151; enerat=054219; arearat=0.0574
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FIGURE 2: Case study 1. Plot of Area and energy for all threshold values in the unit interval on the left, and the result

for the best threshold on the right.

2 Area and Energy ratio for threshold in [0 1]

threshold 0 53535, UL=669 1689, LR=1880 2189; enerat=0 58636, arearat=0.0798
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FIGURE 3: Case study 2. Plot of Area and energy for all threshold values in the unit interval on the left, and the result

for the best threshold on the right.

threshold 0.5; UL=626 1651, LR=1491 2151; enerat=0.51167, arearat=0.0574

3 Area and Energy rafio for threshold in [0 1]

1 =
09 1 200
08 e Sugested threshold value 0.42424 || 400
oo (]
o7 cancel |1 80
wil,,
06 (3 800
. 1000
05 e
- 1200
04 - mo
e, o, 1400
o “ 1600
02 - 1800
01 5 2000
S senran Larsanees "‘“”’"‘«
0 e b 500 1000 1500 2000 2500 3000 3500
0 02 04 06 08 1

FIGURE 4: Case study 3. Plot of Area and energy for all threshold values in the unit interval on the left, and the result

for the best threshold on the right.
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4 Area and Energy ratio for threshold in [0 1]
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FIGURE 5: Case study 4. Plot of Area and energy for all threshold values in the unit interval on the left, and the result
for the best threshold on the right.

Example with best performance threshold

We now run the same battery of tests and show the implementation using the best value for threshold based on the
item 5 of our proposed procedure.

On the graphics displayed below, see Figure 6, in addition to the information of energy and area ratios, which was
already presented in the previous examples, we now observe the plot for the absolute value of p(#), the performance
formula as defined in item 4(g) of the proposed procedure, and the suggested best value which is its minimum value.
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FIGURE 6: Area, energy, performance and best value for the running examples 1 to 4 presented from top to bottom
and left to right the
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By using the suggested threshold values determined for each picture, from 1 to 4, we observe the submatrix
obtained by that value. We have also plotted all the candidate values that were captured above the threshold values,
from which the corners are computed, see Figure 7.

threshold 0.48485; UL=30 43;LR=98 80, enerat=0.88006; arearat=0.2622 threshold 041414, UL=30 43;LR=100 81, enerat=085383; arearat=0 2769

10 20 30 40 50 6 70 80

threshold 0.42424; UL=27 41, LR=93 81, enerat=0.83025; arearat=0.2993

100

FIGURE 7: Results from the suggested threshold for each one of the running examples 1 to 4 from top to bottom and
left to right

Further details on the explanation of the proposed procedure

The likelihood values associated to each entry in the matrix depend on whether we are computing the upper left
corner or the lower right corner. These are computed with two different formulas, which are displayed in item 4(f)
of the proposed procedure and where obtained after several experimental tests. Their meaning is the following. Let
A(x,y) denote the entry in the position (x,y) of the re-sampled matrix into a resolution 100-by-100. We will use the
usual order of the product to relate pairs of indices in the matrix, this means that whenever we write (x,y) < (i, j) we
mean x < i and y < j. With this notation we define to domain sets, D;(x,y) and D,(x,y), for each (x,y) in the grid
100-by-100,
Di(x,y) ={G ) | (x,y) < @ )}

Dy(x,y) ={(@. ) | G ) < (x,y)}

these two regions are used to distinguish the two formulas for the likelihood of a point to be an upper left corner or a
lower right one, as illustrated.

D2(xy)

Dilxy)

We observe that D1 is the region associated with the upper left corner and D2 is the region that is associated with the
lower right corner. We will also need two functions fj and f>, whose graph is shown in Figure 8, in order to determine
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the likelihood of a point (x,y). We will use r = r(x, y, i, j) to represent the euclidean distance between the two points

(x,y) and (i, j), so that r = /(x — i)> + (y — j)2, and we define

JACx, )l

fl(-xsy’ l’]) =

Hny. i j) = A, y)le™”

3 a s 6 7 8 9
i ! 7 H L i it

FIGURE 8: Graphical representations of f; and f, with two different window ranges

We observe that the value of f; is always above the value of f,, while the value of f, is defined for values of r
closer to zero.

The key idea for assigning a likelihood value for a pair (x,y) and to consider it as an upper left corner is to
measure the sum of the values of fi(x,y, i, j), with (i, j) in the region D;(x, y) and subtracting the sum of the values of
fo(x, v, 1, j) with (i, j) not in D;. The procedure for finding the likelihood of a point (x,y) to be considered as a lower
right corner is obtained in a similar way just replacing the domain set of indexes D(x,y) by D(x,y).

This gives us a metric dy.(x,y) and dyg(x,y) for the likelihood of a point (x,y) in the grid 100-by-100 to be
considered as an upper left corner (UL) or as a lower right corner (LR)

doxy) = ), ki)=Y, frwi)

(i,))€D1(x.y) (0, )eD; (x,y)

di(ey) = Y, A= Y. hluyi))

(i.))€Da(x,y) (i.))¢Da(x,y)

We observe that the first step, re-sampling the original matrix into a resolution of 100-by-100, has two immediate
consequences: it reduces the complexity of the procedure, indeed step (2) requires the double summing along all
elements for each single entry, and it frees the calculations from numerical instability, namely dividing by zero. Note
that the values of r = +/(x — i)? + (y — j)? are either zero, at (x,y) = (i, j) or are greater than one; when it is zero,
it belongs to the complement of the domain D; and D,, hence it is only used in the formula f,. This proves the
consistency of the method.

‘We now explain the remaining steps on our method.

Step (3) is a simple normalization process, so, we do, for each (x,y) in the 100-by-100 grid, if dy(x,y) is not
zero then we replace it by itself divided by the maximum of all the values dy;. Similarly we normalize d;g and so we
obtain, for each (x,y), dyr(x,y) and d;gr(x,y) with the relevant values in the unit interval [0, 1]. Note that there can be
some negative values, but those are of marginal importance.

Step (4) depends on a threshold value. If we let r € [0, 1] denote the threshold value, then the procedure is
completed in the following manner: Find all the entries (&, v) on the 100-by-100 grid whose value dy is greater or
equal to  and compute either the minimum or maximum value of all the entries according to whether we are interested
on the upper left corner or in the lower right one, respectively. The specific details are well explained on the substeps
at item (4).
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FIGURE 9: Left: Visual saliency image with Rol. Right: Original Image with Rol - Image 2310 [9]

FIGURE 10: Left: Visual saliency image with Rol. Right: Original Image with Rol - Image 4038 [9]
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FIGURE 11: Left: Visual saliency image with Rol. Right: Original Image with Rol - Image 4976 [9]
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FIGURE 12: Left: Visual saliency image with Rol. Right: Original Image with Rol - Image 8454 [9]

PERFORMANCE EVALUATION

The proposed method was evaluated by testing its accuracy in selecting salient objects from different images using
their saliency maps available from [9]. The results are shown in the following Figures 9, 10, 11 and 12, where the
important aspects are: (i) the method effectively identifies the image region where the most important object is located;
(i) by adjusting the energy and the dimensions of the Rol, it is possible to include almost all image area belonging to
the salient object; (iii) the method relies on the available saliency map and it is agnostic in regard to the image content.

CONCLUSIONS

This paper presented a method for the automatic detection of rectangular regions, based on saliency maps represent-
ing any possible measure of visual relevance, such as human visual attention. The experimental results show that the
method proposed in this paper is good enough in identifying the rectangular box where the most salient object is
located. This was confirmed by observation of the results obtained from images and saliency maps publicly available.
Applications of this method range from computational vision systems, multimedia object identification and recogni-
tion and remote surveillance.
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