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Image  recognition  has  plateaued  in  the  last few  years.  According  to this  research  field,  some
complicated  models  typically  combined  feature  extraction  and  classification  models  effec-
tively.  Moreover,  many  classic  models  have  already  achieved  realistic  recognition.  However,
there are  still  some  drawbacks  of  traditional  methods.  On the  one  hand,  some  unrelated
regions  of learning  instances  are  often  used  leading  to  ignorance  of  effective  features.  On
the other  hand,  traditional  CNN  model  don’t  consider  the weights  of  learning  instances
which  reduces  the  accuracy  of image  recognition.

Aiming  at  the  problems  above,  we  proposed  one  optimized  CNN  based  image  recogni-
tion  model.  Firstly,  target  region  selected  by bottom-up  region  proposals  contributes  to
retrieve  the  target  region  of each  learning  instance.  Secondly,  enhancement  weight  based
model is  used  to  optimize  the  CNN  model  contributing  to make  full use of different  learn-
ing instances.  At last,  adequate  experiments  show  our  method’s  superiority,  especially
compared  to  some  other  traditional  methods.

© 2017  Published  by Elsevier  GmbH.

1. Introduction

As one technique which is used to recognize the target object of image, image recognition [1,2] has been widely used
in the last few years. In the traditional recognition process, some classic feature descriptors, such as SIFT [3], GIST [4] and
HOG [5], could extract the features of images effectively. Moreover, some optimized feature descriptors [6–11] are also
presented in the subsequent work. More importantly, compared to traditional feature descriptor, such as color histogram
[12], texture histogram [13], they could extract the high-level semantic information from the target image. Within a long
duration, SVM [14–16] combined with some high-level feature descriptors is considered as mainstream method of image
recognition. Furthermore, image classification [17,18], image retrieval [19], and image annotation [20,21] have taken the
same way basically. Even though some innovative methods have been proposed, they are also on the foundation of feature
extraction improvement and classification model improvement. However, deep-seated relationship between different pixels

couldn’t be extracted by previous feature extraction model.

Aiming at the problems above, deep learning model [22] attracts nearly all people’s attention using overwhelming exper-
imental results. Deep information could be extracted effectively depending on a large number of learning instances and
complicated layered structure. From all of them, CNN-based methods [23–25], RBM-based methods [26–28], Autoencoder-
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ig. 1. Image (a) is one learning instance that the target region (cat) only occupies a small portion of the whole image, image (b) shows the target region
sing  one red sliding window. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.).

ased methods [29–31] and Sparse coding-based Methods [32–34] are often considered as four classic categories. In most
ases, CNN-based methods contain convolutional layers, pooling layers, and fully connected layers which effectively extract
he deep features. Restricted Boltzmann Machine (RBM) could be considered as a generative stochastic neural network which
ften concludes visible units and hidden units. Encodings are the essential process of learning the features of target images.
parse coding is a class of unsupervised methods for learning sets of over-complete bases to represent data efficiently. The
im of sparse coding is to find a set of basis vectors that can represent an input vector as a linear combination of these basis
ectors .When the theory is used to image, it could represent the image effectively.

The accuracy of image recognition is indeed improved significantly along with the development of deep learning. How-
ver, some existing problems also reduce the quality of image recognition. Firstly, traditional CNN model don’t consider
he weights of different learning instances. In other words, different learning instances are treated equally which reduces
he accuracy of recognition obviously. Moreover, CNN is not optimized which increases the computing burden. Secondly, in

ost cases, if one image is selected as learning instance, the whole regions of image are used for training the classification
odel. Actually, for most images, the majority of regions are not suitable for feature extraction. For instance, in Fig. 1, the

at just occupies a small part of the target image, but the other unrelated regions are also used for learning the recognition
odel which directly reduces the accuracy of recognition. So in this paper, we  proposed one optimized CNN based image

ecognition model. The main contributions of this paper are in the following:

1) Target region could be selected by bottom-up region proposals which avoids the negative influence of unrelated regions.
2) Enhancement weight based model is used to optimize the CNN model which makes the recognition model simulate the

distribution of learning instances more accurately.

. Algorithm

In the process of image recognition proposed by our paper, learning instance optimization, target region selection
nd enhancement weight consideration are the essential parts which could contribute to the improvement of recognition
ignificantly.

.1. Learning instance optimization

Although many learning instances are effective for learning the final recognition model, some double learning instances
re often used which obviously increase the computing burden. In response to the challenge of double learning instance
xistence, GIST-based model [35] is used to delete the double learning instance. More concretely, we could represent the
earning instance using the GIST descriptor. Then we could calculate the similarity between different learning instances. If
ne learning instance is similar to each other, we just keep one learning instance through deleting the redundant learning
nstances.

Compared to some other optimization models [36–38], our model is not complicated and comprehensive. But it is still
ery effective which could contribute to save the computing resource and time obviously. Especially for the images of scene
ategory, this method shows its effectiveness for reducing the computing burden obviously.

.2. Target region selection

Sliding window based model [39] could orientate the target region in a certain extent and some previous methods based
n it have already played an important role in the field of computer vision. However, for some special images concluding
ore objects, it is difficult to orientate the target object exactly. In response to this challenge, we study thoughts of R-CNN
odel [40]. As the essential algorithm of R-CNN model, bottom-up region proposal is used to assume many regions selection.

In this paper, we generate around 2000 categories-independent region proposals for the input images regardless of the

egion’s shape. After selection of 2000 categories-independent region proposals, how to select the most suitable target region
as become one challenge. In response to this challenge, the minimum energy function is used to evaluate which region is
he most suitable target region in our paper.
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Fig. 2. The mean average precision (mAP) using different methods. Method1: Common method [41]. Method2: Target region selection based model.
Fig. 3. The mean average precision (mAP) using different methods. Method1: Common method [41]. Method2: Target region selection based model.
Method3: Optimized CNN based model in this paper.

Compared to original learning instance, the main content of the image is used effectively through our model. Based on
it, features would be extracted more fully which directly supports the final recognition accuracy.

2.3. Enhancement weight consideration

Similar to structure and parameters in the paper [41], we extract a 4096-dimensional feature vector from the target region
using Caffe [42] model. The model is introduced by Krizhevsky and features are computed by forward propagating a mean-
subtracted 227*227 RGB image through five convolutional layers and two  fully connected layers. The network architecture
details could be learnt from papers [42,43].

In this step, we refer to the idea of reinforcement learning. Reinforcement learning (RL) is about an agent interacting with
the environment, learning an optimal policy, by trail and error, for sequential decision making problems in a wide range of
fields in both natural and social sciences, and engineering.

Based on the thoughts of reinforcement learning, we adapted enhancement weight based model to make full use of
different learning instances. More concretely, if the learning instances are the target images, we give more weights. Other-
wise, they are given as less weights. Compared to some other traditional models, our model could make full use of different
learning instances. Through using the learning instances with different weights, the parameters and architecture could be
adjusted through different cost functions.

3. Experiments

Some images of previous databases are too idealistic which is not inconsistent with the actual situation. In order to make
the experimental results more convincing, we selected 128,910 images from google, Yahoo and some other websites totally.
Moreover, the selected images are as complicated as possible, each image contains more than one object in most cases.

Firstly, we  evaluate the contribution of target region selection through AP value. Fig. 2 shows that target region selection
model improves the recognition accuracy in certain extent. Then, we combined target region selection model and enhance-
ment weight consideration model to do more experiments. As shown in Fig. 3, enhancement weight consideration model
further improves the accuracy of recognition on the foundation of target region selection model. Next, in order to show our
method’s extensive applications, we applied our method to different deep learning models. In the process, GoogLeNet [44],
VGG [45]. SPP [46] and AlexNet [47] are used as baselines to evaluate our method’s generalization ability. Figs. 4, 5 show that
our model could be used to improve other deep learning models’ power effectively evaluated by AP value and AUC value

respectively. Figs. 6–9 show some groups of recognition results using our model.

After adequate experiments, we could see that the experimental result is consistent with theory expectation. On the
one hand, our model could achieve realistic recognition results through target region selection and enhancement weight
consideration. On the other hand, our model could improve other recognition models’ power significantly.
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Fig. 4. The mean average precision (mAP) of recognition between different methods. The orange histograms show the mAP  of different methods combined
with  our model. The blue histograms show the mAP  of different methods. Baseline 1: GoogLeNet [44]. Baseline 2:VGG [45]. Baseline 3:SPP [46]. Baseline
4:AlexNet [47]. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.).

Fig. 5. Receiver Operating Characteristic (AUC) of recognition between different methods. The orange histograms show the AUC of different methods
combined with our model. The blue histograms show the AUC of different methods. Baseline 1: GoogLeNet [44]. Baseline 2:VGG [45].Baseline 3:SPP [46].
Baseline 4:AlexNet [47]. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.).

Fig. 6. Recognition results using our model. (cheetah).

Fig. 7. Recognition results using our model. (dragonfly).

Fig. 8. Recognition results using our model. (bridge).
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Fig. 9. Recognition results using our model. (Kite).

4. Conclusion

In this paper, we presented one optimized CNN based image recognition model combined with bottom-up region pro-
posals. Target region selection and enhancement weight consideration are the main contributions of our paper. Based on
these improvements above, adequate experiments using a larger number of images are also used to show our method’s
validness and robustness.

However, further improvements are still needed in the future. For instance, if the target region is not selected accu-
rately, the error could be enhanced as a result of ineffective selection. Moreover, the enhancement weight is based on
subjective evaluation but subjective evaluation would have certain tendency. In summary, target region selection model
and enhancement weight consideration model need further improvements to make our proposals more convincing.
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