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ABSTRACT. Visual object recognition is an open and challenging problem in computer
vision. Note that fixing the position of the objects is one of the difficult problems in
the object recognition task. Biological visual system tends to find naturally the most
informative regions in a scene. In this paper, we present an object recognition approach
based on the visual saliency. Firstly, the most salient region is obtained as the appropriate
position of the object with the visual saliency detection method. Secondly, the dense
SIFT (Scale Invariant Feature Transform) features are extracted from the detected salient
region to form the image representation by using the LLC (Local-constrained Linear
Coding) mapping scheme. Finally, the object recognition is completed with a linear SVM
classifier. We evaluate the proposed method on the Graz-02, Caltech-256 and Pascal
VOC 2006 datasets and verify the influence of the visual saliency.

Keywords: Saliency detection; Object recognition; Local contrast; Convex hull; Image
representation.

1. Introduction. Object recognition, i.e.determining the position and the class of an
object within an image, has made impressive progress over the past few years. It is one of
the fundamental challenges in computer vision. The objects present the large intra-class
difference and inter- class similarity. The same object category can exhibit significant
variations in appearance. For instance, the same dog can present very different poses.
Besides, the pictures may also be affected by the confounding variables, such as the partial
occlusions, deformations, viewpoints, object scales and the clutter backgrounds. Further
more, inter-class similarity is also a major challenge in object recognition, such as the dog
and the wolf, the dog and the cat. These factors make the object recognition much more
difficult. Biological visual system tends to naturally find the most informative region in a
scene. Object recognition is one of the most basic purposes of the visual system. The brain
has zones that specialize in this task. Reliable saliency detection methods would be useful
in many applications, such as unsupervised image segmentation [1], object recognition |2,
3], and motion detection [4]. In recent years, numerous computational saliency models
have been proposed to simulate biological vision systems. These methods can be broadly
classified into two major categories: bottom-up models and top-down models. Most
existing bottom- up visual attention approaches considered the local contrast [1, 5-9].
It was developed to emphasize the uniqueness of a certain region by accentuating the
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contrasts to neighbors. Besides, many models state that the central bias often exists in
free scene viewing [10, 11]. The possible reason is that human often frame the object
of interest near or in the center part of the image when they take a picture. The graph
based visual saliency (GBVS) model [12] promoted higher saliency values in the center of
the image, i.e. it has the center biases. The central bias is helpful when the salient object
is in or near the center of the image. However, it cannot well detect the visual saliency
when the object is off the center of the image. Compared to the center prior, Xie et al [13]
first proposed the convex hull center prior. It can improve the robustness of the object
location. In this paper, the convex hull center prior is used instead of the image prior.
Some methods can highlight the salient object boundaries, but fail to uniformly map
the entire salient region[5, 12]. Liu et al [6] proposed a set of novel features, multi-scale
contrast, center-surround histogram and color spatial distribution, to describe a salient
object, and then a conditional random field was learned to combine these features for
salient object detection. Goferman et al [14] presented a context-aware saliency detection
algorithm based on four psychological principles: local low-level considerations, global
considerations, visual organization rules and high-level factors. The smoothness prior
is used to modify the initial saliency map. The bag-of-features (BOF) framework has
been demonstrated to be one of the most successful approaches to scene categorization
and object recognition. The BOF strategy is simple and effective. However, since the
classical BOF representation is applied to the entire image, which gives the chance for
background clutter to disturb, or even overwhelm the object information, many content-
irrelevant local features may result in the noisy and non- descriptive visual words in
images. Moreover, it also discards the spatial information of local features in the images.
To overcome it, the spatial pyramid matching (SPM)[15] method was proposed. It used
a sequence of grids at different scales to partition the image into sub-regions, and then
computed a BOF histogram for each sub-region. The representation of the whole image
is the concatenation vector of all the histograms. However, most of the methods are only
efficient on the pictures with the simple backgrounds and big obvious objects. Besides, the
state-of-art object recognition method is based on exhaustive search over the image to find
the best object position. However, as the total number of images and windows to evaluate
in an exhaustive search is huge and growing, it is necessary to constrain the computation
per location and the number of locations. Sande et al [16] adapted segmentation as a
selective search, which greatly reduces the number of locations to be considered. Lu et al
[17] proposed a superpixel-level object recognition in the BOF framework. It introduced
local learning classifiers that turned the highly non-linear classification problems into the
multiple local linear problems. In this paper, the human visual perception mechanism
is applied to the object recognition framework. A bottom-up attention-based saliency
model is used to identify the regions that are likely to contain objects. The convex hull
center[13] instead of the image center is used to calculate the saliency maps, and the
OSTU [18] segmentation algorithm is used to get the most salient regions. Then, features
are extracted from this salient region, and a model is trained for object classification.

2. Implementation. As well known, one of the difficult problems in object recognition
is the fixation of the object. If the position of the object can be located correctly, the
recognition will become easier. In this paper, the human visual perception mechanism is
applied into the object recognition framework. It includes two steps: saliency detection
and object classification. First, we utilize a bottom-up saliency detection method to get
the most salient regions of the image. Then, we extract the dense SIF'T descriptors of the
salient region, and a linear SVM was trained for object classification.
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2.1. Saliency computation. The task of saliency detection is to identify the most im-
portant and informative part of an image. Given a color image I, we first over-segment
it into a number of superpixels using simple Linear Iterative Clustering (SLIC) method
[19]. For each superpixel, we apply the local contrast prior [20] and the convex-hull based
center prior [13] to get the initial saliency map. Then, the smoothness prior [8] is used
to refine the initial map and get the final saliency map. At last, we utilize the adaptive
threshold to get the most salient regions.

2.1.1. Local contrast. Many methods [6, 12, 21] take account of the local contrast. They
computed the regional contrast based on the feature dissimilarity and distance coherence.
In this paper, we propose a local contrast according to the regional consistency [20]. If
the regions are more similar in feature and closer in space, these regions will have close
saliency values. For a superpixel i, its contrast saliency compared to all other superpixels
is defined as:

N
A@) =) Dr(i.j) x Ds(i.j) x f(}) (1)
j=1
The first term Dp (4, j) indicates the feature dissimilarity of two superpixels ¢ and j. It is
simply defined as the difference between the feature values of the two superpixels:

Dp(i,j) = [F(i) = F(j)] (2)
In Eq.(1), the second term Dg(1, j) indicates the spatial relationship of the two superpixels.
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Where (z;,y;) is the centroid of the superpixel ¢ defined as the position of the superpixel.
M x N is the size of the image I. og is the scale parameter which controls the power of
the spatial weight.
In Eq.(1), the last term f(j) represents the relative size of the compared superpixel j.
The bigger regions have greater impact on the superpixel i. It denotes the size of the
region. The relative size of a superpixel j is defined as.
L))
— 4
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As shown in the Eq.(1), the local contrast saliency of superpixel i is determined by dissimi-
larity, closeness and relative size of the compared region. That is, the bigger, the nearer
and more dissimilar regions will have greater influence on the current superpixel.

2.1.2. Central bias. Some works [10, 12, 22] attempted to take a central bias for saliency
detection. It is helpful when the salient object is in or near the center of the image.
However, these methods cannot well detect the visual object when it is far from the
center of the image. We use the convex-hull-based center proposed by Xie et al., [13]
instead of the image center to get the center prior map. Some salient points are detected
by the color boosted Harris point operator [23]. Then we compute a convex hull enclosing
the interest points to estimate the location of the salient region. We apply the centroid of
the convex hull to get the convex-hull-based center prior map. Given the center (xg,yo),
the saliency of superpixel 7 is defined as:

s — zoll* 1y — oll®
- - (5)
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Where z; and y; denote the mean horizontal and vertical positions of the superpixel
i, respectively. o, and o, indicate the horizontal and vertical variances. Here we set
o, = 0,. Inspired by the structure adapted from the Feature Integration Theory [34], we
fuse the Eq.(1) and Eq.(5) to get the initial saliency map.

So(i) = A(i) x B(i) (6)

2.1.3. Final saliency map. To refine the saliency map, we introduce a smoothness prior
8] to take the interaction between image elements into account. It encourages the neigh-
boring pixels taking the same labels. Here a saliency cost function is defined to encode
the smoothness prior:

B(S) = 3 (S() = So@)? + X3 wis(8(0) = S()) @

Where S(i) and S(j) correspond to the saliency values of superpixel i and j respectively,
So(7) is the initial saliency value for superpixel i. w;; = eXp(—Hc;;—gch) € W is the weight
between two linked superpixels ¢, 7. ¢; indicates the mean of the superpixel ¢ in the

CIELAB color space. In Eq.(7), the first term 37 (S(i) — So())” is the fitting constraint,

which means a good saliency map should be close to the initial saliency map. The second
term 3 w;;(S(i) — S(5))? is the smoothness constraint, which means that the neighboring
]

superpixels should have similar saliency values. The optimal saliency values of superpixels
are computed by minimizing the Eq.(7), which can be solved by setting the derivative of
the above function with respect to S to be zero.

The resulting solution is:

S=pu(D—W+pul)™' S (8)
Where D is the diagonal degree matrix with d;; = > w;; and p = % The saliency value is
J

normalized to [0, 1]. Then the OSTUI9] algorithm is used to get the most salient regions.

2.2. Object classification. In recent years, the bag-of-words based framework has been
demonstrated to be one of the most successful approaches to the scene and object recog-
nition. The BOF approach discards the spatial order of local descriptors, which severely
limits the descriptive power of the image representation. To overcome it, the extension
of the BOF model, addressed as the spatial pyramid matching (SPM), has made a re-
markable success on a range of the image classification. The SPM method partitions an
image into 2! x 2! sub-regions and computes the BOF histograms of local features for each
sub-region. After getting the salient regions of the image, we use the SPM framework on
the salient regions to classify the objects.

2.2.1. Feature extraction. Most recent approaches adopt local invariant features as an
effective image representation, because they can well describe and match instances of
objects or scenes under a wide variety of image scaling, rotations, illuminations and
viewpoints. The SIFT descriptor [25] is one of the most widely used descriptors due to
its good performances. Given a feature point, the SIFT descriptor computes the gradient
vector for each pixel in the feature points neighborhood and builds a normalized histogram
of gradient directions. To achieve better discriminative ability, we extract the dense SIFT
descriptors for the salient regions.
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2.2.2. Feature coding. The classification result is heavily influenced by the coding meth-
ods. Vector quantization (VQ) is widely used to encode the feature descriptors on the
condition of the least square fitting:

N
. 2
mgnwlz;H% V| (9)
st. l|lull =1, ||lul| =1, u>0, Vi
i1l i1l g

where X = |21, 29, ...,2y] € RP*N is a set of D-dimensional local descriptors extracted
from an image. is a codebook with M entries. U = [uy, Us, ..., uy] represents the set of
codes for X. The constraint condition |||, =1, [lwil|,, =1, u; > 0 restricts that there
is only one non-zero element in each code u;. In VQ, each descriptor is represented by a
single basis in the codebook. Due to the large quantization errors, the VQ code for similar
descriptors might be very different. Besides, the V(Q process ignores the relationships
between the different bases. Wang et al [26] proposed a locality-constrained linear coding
(LLC) instead of VQ coding in traditional SPM. LLC utilizes the locality constraints to
project each descriptor into its local-coordinate system, and the projected coordinates are
integrated by max pooling to generate the final representation.

N
2
min ; + A (10)

z —Vu dou

sit. 1T u=1,Yi
(2

where ® denotes the element-wise multiplication; d; = w € RM is the locality
adaptor that gives different freedom for each basis vector proportional to its similarity to
the input descriptor z;; dist(z;, V) = [dist(x;, v1), , dist(z;,var)]", where dist(z;,v;) is the
Euclidean distance between z; and v;; is used to adjust the weight decay speed for the
locality adaptor. In the LLC, each descriptor is more accurately represented by multiple
bases, and LLC code captures the correlations between similar descriptors by sharing
bases. For object categorization, SVM is the preferred classifier as a powerful technology
in machine learning. In this paper, we use a linear SVM to complete the training and
testing.

3. Experiments and results.

3.1. Datasets and setup. We evaluate the proposed method on three widely used
datasets. The first one is the Graz-02 dataset. It contains three object categories, i.e. bike,
car and person. Each category has 300 images of size 640x480 pixels and corresponding
pixel-level foreground/background annotations. In the experiment, we resize the images
into 320x240 pixels. The average size ratio of the object versus the image is: 0.22 for
bikes, 0.177 for persons, and 0.09 for cars [27]. The second one is the Caltech-256 dataset,
an extension of the Caltech-101 dataset. It consists of 256 object categories, each of that
has at least 80 images. The total image number of Caltech-256 dataset is 30686. Com-
pared to Caltech-101, Caltech-256 possesses larger inter-class and intra-class variability,
and thus it is more challenging. The last one is the Pascal VOC 2006 dataset. It includes
10 categories (bicycle, bus, car, cat, cow, dog, horse, motorbike, person, and sheep). In
the trainval set, there are 2618 images, containing 4754 annotated objects. The image of
the Caltech-256 dataset contains only one object category with simple background. The
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TABLE 1. Classification results on the Graz-02 datasets

Grazl (%) Graz2 (%) Graz-02 (%)
Without saliency 70.84 94.75 82.56
With saliency 76.21 91.02 84.33

image background of the Graz-02 dataset is more clutter than the Caltech-256. However,
in the PASCAL VOC dataset, images are always with multiple objects in very clutter
backgrounds. In the saliency detection process, we set the number of superpixel nodes
N=200 in all the experiments. In our implementation, we empirically chose o7 = 0.2 in
Eq.(3),02 = 0, = 0.15 in Eq.(5)and X\ = 25 in Eq.(7). In the object recognition process,
we extract the dense SIF'T descriptors on the salient region. The SIFT descriptor of 16x
16 pixel patches are computed over a grid with spacing of 8 pixels. After the feature
extraction, the unsupervised K-means clustering method is performed to build the vocab-
ulary of the visual words. 500 is chosen as the dictionary size M in our implementation.
The descriptors are coded by LLC coding to the nearest 5 codebook centers. Max pooling
is used in the SPM with [=0, 1, 2. A linear SVM is trained for classification. In addition,
we compare the performance of the proposed method with the classical SPM framework
without saliency detection. Without special instructions, we randomly select 50% images
from each category as the training set and the remaining 50% as the testing set. All the
final results are reported as the average of 10 individual runs.

3.2. Results on Graz-02 dataset. As we all know, if the object occupies most part of
the image, it is not necessary to do the saliency detection. Our methods are more efficient
to the images of smaller objects. In order to verify our method, we divide the Graz-02
dataset into two subsets, named as Grazl and Graz2. Grazl consists of 150 images with
the relative small objects (such as the first three rows of Fig.1), and Graz2 is composed
of the rest 150 images with the relative big objects (the last three rows of Fig. 1). For
the Grazl and Graz 2, we randomly select 75 images from each category for training and
the rest 75 images for testing. For the whole Graz-02 dataset, we use the setting as [27]
in our experiments. We take 150 odd-numbered images of each category as the training
set, and the remaining 150 even-numbered images as the testing set. We compare the
saliency map of Ittis [5], Yangs [8] and our method. Fig. 1 gives some examples of the
saliency detection results.

The saliency detection methods can get the most salient regions of the image and reduce
the influence of the clutter background. We evaluate the performance of our method on
Graz 1, Graz 2 and the whole Graz-02 datasets. The average classification results are
displayed in Table 1.

3.3. Extraction Technique. As can be seen from the Table 1, saliency detection has
a great influence on the object classification. On Graz 1, the images with small objects
are difficult to detect. It contains clutter backgrounds and the objects are not obvious.
The proposed visual saliency based method can locate on the salient region of the image
and improve the classification result. With saliency, the classification result can achieve
76.21%, while without saliency the result is only 70.84%. However, on the Graz 2 dataset,
the objects are relatively bigger. With saliency detection the average classification accu-
racy is a little lower than that without saliency detection. The saliency detection may
not locate on the object properly. As shown in the last column of Table 1, on the whole
Graz-02 dataset, with saliency detection the improvement is 1.77%. It is slightly better
than that without saliency. We also evaluate the influence of different saliency detection
methods on the Graz-02 dataset. As shown in Table 2, we compare the results of Ittis



1256 G. H. Gu, J. J. Zhu, Z. X. Liu, and Y. Zhao

e
-

FI1cURE 1. Saliency detection results on the Graz-02 datasets. First three
rows are some examples of the Grazl with relatively small objects and the
last three rows are examples from Graz2. (a) Original images; (b) Ittis
saliency maps; (c¢) Yangs saliency maps; (d) our saliency maps; and (e) are
the salient regions detected by our methods.

TABLE 2. Classification accuracy comparison on Graz-02 dataset

Car (%) Bike (%) Person (%) Graz-02 (%)

Without saliency 86.7 80.7 80.3 82.56
Ittis [5] saliency 85.8 79.0 76.8 79.85
Yangs [8] saliency — 86.3 81.0 80.0 82.43
Our saliency 88.0 85.3 79.7 84.33

[5] saliency, Yangs [8] saliency, our saliency and the results of without saliency detection.
Table 2 gives the classification results on the car, bike and person categories and the
average results of the whole Graz-02 dataset respectively. From Table 2 we can see, our
approach achieves the best performance. For the car and bike categories, our method
gains the highest classification rate, Yangs [8] method is appropriate to that of without
saliency detection. However, for the person category, the result of our method is similar
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to Yangs[8] saliency and without saliency. The result of Ittis [5] saliency is lower than the
others. But on the whole dataset, our methods can achieve the highest rate of 84.33%.
Our saliency detection result outperforms Ittis [5] saliency by 3.5%. Compared to Yangs
8] saliency and without saliency, our result improves nearly 2%. In general, our approach
is the best.

3.4. Results on the subset of Caltech-256. We further evaluate the proposed method
on the Caltech-256 dataset. We select ten categories from the Caltech 256 as a subset,
containing aeroplanes, motorbikes, cars, binoculars, faces, computer-mouse, dogs, coins,
leaves and tomatoes. For each category, we randomly select 80 images in our experiments.
Among them, 56 images are for training and the rest 24 images are for testing. In the
experiments, we analyze the following two aspects: one is the classification performance
with the number of the training images; the other is the relationship between the classi-
fication performance and the saliency detection.

In the above dataset, most images are with a single object in a simple background. Some

FIGURE 2. Some examples of the Caltech-256 dataset: (a) the face cat-
egory; (b) and (c) the coin category; (d) the aeroplane category; (e) the
tomato category; (f) the dog category.

examples and their saliency detection results (the blue bounding box) are shown in Fig.
2. Most objects occupy the main parts of the images, such as the face in Fig. 2 (a) and
the coin in Fig. 2 (b). In addition, some of them are with multiple instances of the same
object category, like Fig. 2 (c¢)-(e). But in some instance, the background is cluttered and
the object is not salient to recognize, for example the dog in Fig. 2 (f). The white thing
is more salient than the dog. It may influence the recognition result.

For the subset of Caltech 256 dataset, the overall result is very high. Fig. 3 gives the
confusion matrix of the average experiment results. The average classification result of
the ten categories is 86.25% with saliency (Fig. 3 (a)) and 86.33 % without saliency (Fig.
3 (b)). The two results are very close for the dataset. It can be seen, in some categories
(like aeroplanes, motorbikes, cars, faces and leaves), the classification rates are all above
93%. Some of them are nearly 100%. The result of the computer-mouse category with
saliency is lower than that without saliency. Some of the computer-mice are similar to
tomatoes in shape or appearance. It produces much confusion with the binocular and
the tomato categories. But with saliency, the improvement is obvious in the coin and the
tomato categories. For the coin category, the one with saliency outperforms the other
with no saliency by 5%; especially for the tomato category, the improvement can be as
high as 15%. With saliency detection, the confusion with the computer-mouse category
is greatly reduced. The two results of the dog category with and without saliency are
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relatively lower than the other categories. The main reason is that the dog has diverse
appearance and deformation. It is hard to recognize. Even if the average results of the
ten categories are very close, the advantage of saliency detection is highly obvious for
some categories (like coin and tomato). To evaluate the classification results with differ-

Average Categorization Rate: 86.25% Average Categorization Rate: 86.33%
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FicUrRE 3. Confusion matrixes of the ten categories from Caltech 256.

ent training image numbers. We randomly select 8, 16, 24, 32, 40, 48, 56, 64 images from
each categories respectively for training and the rest images for testing. As is shown in
Fig. 4, the performance increases gradually when the training number grows from 8 to
64 in each category. When the train test ratio below 0.3, the result of applying saliency
detection is a little lower than that without saliency. With the increase of training images,
the method applying saliency detection is superior to ones without saliency. The more
there are training images, the more obvious is the saliencys superiority. The classifica-
tion accuracy changes from 73.61% to 88.75% with the ratio changing from 0.1 to 0.8,
while without saliency, the result varies from 75.45% to 87.71%. As we all know, the
more training samples there are, the more close the models are to the real objects. The
classification results will be higher.

3.5. Results on the PASCAL VOC2006 dataset. The standard PASCAL VOC 2006
dataset includes 10 categories (bike, bus, car, cat, cow, dog, horse, motorbike, person,
and sheep). This dataset is extremely challenging because all the images are daily photos
obtained from Flicker where the size, viewing angle, illumination, appearances of objects
and their poses vary significantly, with frequent occlusions and a wide range of appearance,
shapes and scales. Most of the images contain multiple objects on cluttered backgrounds.
Note that the dataset is not suitable for our salient object recognition, because some
objects are not salient (too small or partially occluded). In the experiments, we select
six categories (i.e. bike, car, cat, cow, motorbike and sheep) from the trainval set to
make a new subset. In our implementation, 200 images are chosen randomly from each
category and divided into two separate image sets, i.e. 100 for training and 100 for testing
respectively. Fig. 5 gives the confusion matrix of the average experiment results.

Note that with saliency (Fig. 5 (a)) the average classification accuracy is 64.67% and
4.16% lower than that without saliency (Fig. 5 (b)). On this dataset, the saliency
detection is bad to the final result. The main reason is that for the images with multiple
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FiGURE 5. Confusion matrix of Pascal VOC 2006 dataset

objects in the very complex background, the bottom-up saliency cannot locate on the
object correctly. Clearly, it cannot recognize the object.

Some examples of this dataset are shown in Fig.6. For some images, the saliency detection
can not locate on the object of interest correctly. Most images contain multiple object
categories, such as Fig.6 (a)-(b). It is hard to locate on the object of interest without
prior knowledge. In Fig.6 (c), the white cat is very similar to the background. And Fig.6
(d) is a cat in a disordered background. Recognizing the cat is very difficult. Besides,
even the locations are precisely detected, some objects are also very hard to recognize.
Fig.6 (e) and (f) are two similar cases, i.e. a person riding a bike and riding a motorbike
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respectively. It is hard to tell what he was riding. Fig.6 (g) is a cow, which has a great
similarity with the sheep. Fig.6 (h) is a sheep under the setting sun.

E&m-m
I-luII-u

FIGURE 6. Figure 6 Some failure examples of the VOC dataset of our
methods: (a) and (b) a picture with multiple objects; (c) a cat in a similar
background; (d) a cat in a clutter background; (e) a person rides a bike; (f)
a person rides a motorbike; (g) a cow; (h) a sheep.

4. Discussion. In section 4, we evaluate our method on three widely used datasets. It
demonstrates that the performance of the saliency detection has great influence on the
final classification accuracy. Knowing the positions of objects will be convenient to the
recognition. However, if the object’s position is not correctly located, the recognition
will be hard. In this section, we will discuss the different results of our method on these
datasets as the following four aspects.

(1) It is sure that reliable saliency detection methods would be useful for object recog-
nition. The proposed visual saliency can locate on the salient regions of the image and
improve the classification results. As shown in the first row of Fig. 1, the image contains
much unrelated information, the two people are very small to recognize. The saliency
detection method can locate on the salient object regions and reduce the interference
of backgrounds. In Graz 1, the images with clutter backgrounds and relatively small
objects are difficult to recognize. The visual saliency can reduce the influence of the clut-
ter background and improve the object recognition results. For example in Table 1, the
classification rate with saliency can improve 5.87% compared to non-saliency on Grazl.
Different saliency detection methods have different impact on the classification results.
If the salient region is detected properly, the recognition will be easy. On the contrary,
if the position is located wrongly, it is impossible to recognize the object. The Itti’s [5]
saliency model is simple and easy to complete. However, it usually responds to numer-
ous unrelated backgrounds, and has high saliency values on the boundary of the objects,
yet cannot uniformly highlight the objects (for example in Fig.1 (b)). The classification
results are lower than the others. For the local contrast prior, Yang’s [8] saliency was de-
fined as the spatial weighted contrast. It may wrongly highlight part of the background,
such as the second row of Fig.1 (c¢). In our method, we refine the local contrast factor
according to the regional consistency. That is, if the regions are more similar in feature
and closer in space, these regions will have the close saliency values. Our method can
uniformly highlight the whole object region and simultaneously suppress the background
region effectively. On the whole, our method can achieve the best performance as shown
in Table 2

(2) For the image with big objects, the saliency detection becomes invalid. In Graz 2
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and Caltech 256 datasets, most of the objects are occupying the main parts of the image.
Some of them even fill up the whole image (like the Fig.2 (a) and (b)). In this case, the
saliency detection is not necessary and it may not locate on the object properly. Some of
the objects are detected with only a small part. For example, in the fourth row of Fig.
3, the saliency detection only locates on a part of the person. And in the last row of
Fig. 1, the bike is also partly detected. Some object information is missing. In this case,
the classification results must be influenced. However, with the whole image, it is easy
to recognize the object. As demonstrated on Graz 2 dataset of Tablel, the classification
result with saliency is a little lower than that without saliency. In Fig.3, the average
results of with and without saliency detection are very close. The advantage of saliency
detection is not obvious. In order to enhance the classification rates, it is necessary to
improve the saliency algorithm and get more accurate object region.

(3) Due to lack of prior knowledge, the bottom-up visual saliency cannot locate on the
objects of interest correctly. If the location is wrongly detected, it is impossible to recog-
nize the object. On the Pascal VOC dataset, many images contain multiple objects. In
Fig.6 (a), the person is more salient compared to the bike. If we want to recognize the
bike, it may be wrong. Fig. 6 (b) contains a person and a car. It also cannot locate on
the person or the car region precisely. The final classification result is heavily influenced
by the regions detected by the visual saliency. Sometimes, the saliency detection result
includes much useless information and it may also influence the classification result. In
Fig. 2 (f), the white thing is more salient than the dog related to the whole image. The
process of saliency detection may be located in the uninformative background rather than
the object of interest. In Fig.6 (c), the cat is too similar to the background. The eye is
more salient related to the whole image. In this case, the saliency detection locates on
he eye region. Only with the eye part, it is difficult for us to identify it as a cat or other
animals. However, with the whole image, it is easy to recognize the cat. Beyond that,
the background clutter may still affect the detection results. In Fig.6 (d), the cat is in
a very clutter background and the saliency detection methods cannot locate on the cat
region. In these cases, the saliency detection will be bad to the result and our method
may not recognize the object correctly. Some prior information must be included to deal
with these problems.

(4) Besides, the inter-class similarity may also influence the classification rate. For exam-
ple in Fig.6 (e) a person rides a bike, and in Fig.6 (f) a person rides a motorbike. At first
glance, the two instances are very similar. Even in some situations, the person is more
salient than the bike or motorbike. The saliency detection method cannot locate on the
bike or motorbike region correctly. In addition, some object categories are very similar
in visual appearance, like the dog and the cat or the cow and the sheep categories. We
can not correctly recognize the salient object as a cow or a sheep or some other animals
in Fig.6 (g). And in Fig.6 (h), because of the illustration and perspective, it is hard to
recognize the salient object. So even if the positions are rightly detected, the objects may
also be identified wrongly. Adding in some prior knowledge and exploiting more powerful
visual features should be helpful to improve the object recognition accuracy.

5. Conclusions. In this paper, we presented a visual saliency-based object recognition
method. The objects are always conspicuous in the image, so we use a bottom-up visual
saliency method to get the most salient regions of the images. Then we perform the
object recognition on this salient region. It can greatly reduce the unrelated information
on the background and improve the classification result. However, when the background is
highly clutter, due to lack of top-down prior knowledge, the bottom-up saliency algorithms
usually respond to numerous unrelated low-level visual stimuli and thus missing the object
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of interest. It is necessary to improve the saliency algorithm and get more accurate object
region in the future. Besides, in order to deal with the multiple object recognition in
complex scenes, some prior information must be included.
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