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Abstract: In recent years, human beings have gradually learned the world through 

deep learning methods, making computer vision an important research subject and a 

key topic. Convolution neural network relies on a large amount of data for feature 

learning, which can solve the limitations of traditional image feature recognition. In 

order to identify and classify the image better, we need to construct a neural network 

and use advanced Keras, a deep learning framework, to train the neural network model 

constantly, get the features of objects from a large amount of data, and finally achieve 

the recognition and classification effect. Compared with the traditional image 

recognition algorithm, it not only reduces the work of image processing, but also 

improves the recognition accuracy.  
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1. INTRODUCTION 

In such an era of rapid development of artificial intelligence, deep learning technology 

has become a hot topic of research in recent years. The concept of deep learning 

originates from the artificial neural network and refers to a neural network with a 

multi-layer structure. It is an algorithm for constructing a model by using multi-layer 

representations for complex relationships between data [1].The convolution neural 

network is an efficient method for image recognition [2].Because it avoids the complex 

pre-processing of the image, it can directly input the original image and it should be 

widely used [3]. 

For image recognition, it is a machine learning method designed to resemble the 

function of the human brain. Computers can recognize elements in an image, rely on 

large databases and emergent patterns, understand images, and formulate related 
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labels and categories. Traditional image recognition algorithms such as the support 

vector machine (SVM), although research to mature to near the upper limit after years, 

it is still difficult to fully use the entire information of the image to achieve higher 

accuracy.For example, in the literature[4], the recognition of the aircraft, the use of 

scale invariant, feature transformation and singular value decomposition algorithm, 

extraction of infrared image recognition features of aircraft, the construction of feature 

vectors, thus infrared target recognition. However, it does not guarantee the 

recognition rate. The literature [5] proposed an image recognition algorithm that uses 

Gaussian mixture sparse matrix to represent Gabor features and dictionaries. Although 

it has a better recognition effect in dealing with lighting and pose transformation, it 

requires input images to perform complex tasks such as processing. It does not 

improve the efficiency of the algorithm. In the above-mentioned documents, the 

recognition techniques used all require the processing of object segmentation, feature 

extraction and selection, pattern recognition, and the like. The process is complicated, 

there are many limitations, and the applicability is poor. 

In recent years, the development of deep convolution neural networks has become the 

most prominent advancement in image recognition. Through the hierarchical structure, 

the bottom layer represents abstract details, the high level represents concrete and 

semantics, and through the layer by layer extraction of information that highly extracts 

the essence of data, complete identification classification [6]. 

 

2. Preliminaries 

2.1 Introduction to Convolution Neural Networks 

Convolution neural network is an efficient recognition method that has been widely 

considered in recent years. In the 1960s, Hubel and Wiesel found that the unique 

network structure of the neurons in the cat brain cortex for local sensitivity and 

direction selection can reduce the complexity of the neural network. Soon after, the 

convolution nerve was proposed, the concept of Convolution Neural Network (CNN) 

was soon put forward [7]. 

The convolution neural network uses input pictures to design the neurons into three 

dimensions: width, height, and depth. In general, a convolution neural network 

consists of many layers. When the deep convolution neural network performs object 

recognition, it only needs to input the original image and does not need to manually 

select features. Further, a large amount of data is used to train the model. It has 

reached an unprecedented level in terms of speed and accuracy [8]. 
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2.2 Principle of Convolution Neural Network 

2.2.1 The basic structure of the convolution neural network 

As shown in Figure 1, typical convolution neural networks are composed of input layer, 

convolution layer, pooled layer, fully connected layer and output layer. 

 

Figure 1 the basic structure of a convolution neural network 

The convolution neural network performs feature extraction on the original image by 

alternately stacking the convolution and sampling layers to obtain a generalized 

abstract representation of the image. The classifier is then used to classify and obtain 

the output result. The operation is shown in the following formula (1): 
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L represents the first layer of the network. K represents convolution kernel, which is the 

filter, jM representing the combination of the input feature maps, and the output map 

of each layer will have unique bias term b [9]. 

In image processing, the image is often represented as a pixel vector. After multiple 

images have been input, multiple convolution layers are entered, where training 

parameters are involved. This introduces three core points: 

1. Local Receptive Fields (LRF): It is generally believed that people's perception of the 

outside world is from the local to the global. Each hidden layer node receives only a 

small part of the pixels in the image and synthesizes the information of multiple hidden 

layer nodes to obtain the global information [10]. 

2. Parameter sharing: It can be considered as feature extraction. Part of the statistical 

characteristics of the image is the same as other parts. Only need to use the same 

features to learn in different locations on the image. 

3. Mute-convolution kernels: There is not enough single convolution kernel for each 

image. By setting up multiple convolution kernels and generating graphs in different 

channels, the machine can learn a variety of features [11]. 

2.2.2 The principle of convolution neural network 

Convolution neural network for image recognition, usually input as the original image X, 

Using Hi to represent the feature map of the neural network layer i. Hi (convolution 

layer) is generated as shown in equation (2): 
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Among them, WI represents the weight vector of the convolution kernel of the is layer; 

the operation symbol  represents the convolution operation of the convolution kernel 

with the 1i  layer image or feature map, the output of the convolution is added with 

the offset of the i layer. Finally, the characteristic map iH of the is layer is obtained 

through the nonlinear excitation function )(xf .  

The pooling layer is mainly used to reduce the dimension of the image and maintain the 

scale in-variance of the feature, the pooling layer iH can be expressed as formula (3): 

                                            )( 1i  iHgsubsamplinH                                           (3) 

The fully connected layers job is mainly to classify features and get the input probability 

distribution based on Y ( il represent the is label category). The essence of the 

convolution neural network is to make the original matrix ( 0H ) map to a new feature 

expression through multiple layers of data transfer and dimension reduction, which is 

used Y to represent (4) [12]: 

                                            )),(;|()( 0 bWHlLPiY i                                         (4) 

),( bWL Is the minimum loss function after training? Common loss functions are mean 

square error function (MSE) formula (5), negative logarithmic likelihood function (NLL) 

formula (6) [13]: 
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In order to reduce the over-fitting phenomenon in recognition, there is eventually an 

intensity formula (7) to control the over-fitting by   weight decay: 
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In training process, gradient descent method is usually used to update the trainable 

parameters W (formula (8)) and b (formula (9)) of each layer of the neural network 

layer. The learning rate parameter ）（ is used to control the inverse propagation 

strength [14]: 
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3. Network structure 

3.1 Image Net 

The Image Net project is a large visual database for object recognition and retrieval 
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[15]. Since 2010, Image Net has hosted an annual software competition called ILSVRC. 

Mainly through the algorithm program to achieve the correct classification and 

detection of object recognition scene, the evaluation standard is the Top-5 error rate, 

that is, for a picture, if the probability of the top five contains the correct answer, it is 

extremely correct. For the Top-1 error rate, a picture is considered correct if it is the 

correct answer. Alex Net’s Top-5 error in 2012 was 16.4%. The first place in the 2014 

contest was Google Net, which increased the depth (number of layers) and width 

(number of audits) of the network to reach a Top-5 error rate of only 6.7% [16-18]. 

 

3.2 VGG Network Structure 

VGG, also known as Oxford Net, is a convolution neural network structure developed by 

the Oxford Visual Geometry Group. This network has won the 2014 ILSVR 

championship. It mimics Alex Net, divides the network into 5 groups, then uses 3*3 

filters and combines them as a convolution sequence for calculation [19]. The 

difference is that VGG uses more layers, usually 16-19 layers. It not only inherited Alex 

Net’s clothes well, but also achieved better efficiency through the optimization of depth 

method. Its Top-5 error rate was 7.3% [20-21]. 

 

4. Experiment 

4.1 Datasets 

In the creation of the database, python is used as the programming language, and the 

proposed Keas is used as the construction module. Keas is a deep learning framework 

based on Thea no, which is designed as a reference to Torch, a highly modular neural 

network library that supports GPU and CPU. Through the camera from different place, 

different light, different angles to collect image that desks, chairs, laptops, mouse, and 

keyboard. Each type of object collected 300 images. To prevent over-fitting, the 

experiment chose to use the VOC2007 datasets and the new datasets as the final 

datasets. In order to make the captured images better for the training of the model, 

which use a labeling software Labeling. In the labeling process, the smallest target 

frame of the marked object is given as much as possible and get its category and 

coordinate information are written into the data with the labeling file. In the end, 

randomly selected 90% as a training set, 10% as a test set. 

 

4.2 Training Process 

The experimental environment is completed in the HP XW9400 workstation, and the 

Ubuntu 16.04 64 bit operating system is used in the software environment. The training 

process adopts the method of training the specific layer and freezing other layers. A 

retrained VGG16 model is used to initialize the convolution network. The parameter 
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setting is shown as shown in table (1). 

Table 1 vgg16 model parameter settings 

model Learning rate Momentum Input-tensor 

VGG-16 Le-4 0.9 224*224*3 

For the first 15 layers of VGG16 network, we maintain its original data to capture the 

general characteristics of the image, such as curves, edges, etc. to ensure that these 

required weights are unchanged. For the output layer of VGG16 is a 1000-class soft ax 

layer, we need to replace the 20 soft ax layers detected, mainly to let the network focus 

on the characteristics of this dataset, only training this layer can be trained model. The 

model performance after training is shown in table (2): 

Table 2 New Model Performance 

Network 

structure 
Train- act Test-  act Parameter numb 

Network 

layer 

VGG16 73.3% 90.2% 21,138,500 20 

In order to further improve the accuracy rate, the number of trainable layers can be 

adjusted in a fine-tuning manner. The number of trainable parameters is about 70%, 

iterates 100 times, the model performance after training is shown in table (3): 

Table 3 Fine-tuned new model 

Network structure Train- act Test- act 

VGG16 95.7% 92.3% 

 

4.3 Experimental Results and Analysis 

Through the above experiment, we can conclude that after we use the fine-tuned, the 

effect has been greatly improved compared to the original VGG16. Through the training 

of 20 kinds of daily items, the trained model was obtained, and then the objects were 

classified by the VGG16 network, which had a very good effect and the accuracy rate 

could reach 97.6%. Compared with the training of 1000 kinds of network models, 

greatly reduced training time. Here the same datasets is also compared by the 

algorithm of the traditional local aggregation descriptor, the recognition rate under this 

algorithm is 79.74%. Compared to the 2012 Alex Net network model, the same 

datasets can be classified as 93%. Through the comparison of the three algorithms, it 

can be seen that using the VGG16neural network to fine-tune the model can not only 

reduce the training time, but also has a clear correction effect on the model recognition 

ability, which is very convenient for the training of small datasets. Figure 2 shows some 

images with low recognition rates. It can be seen that due to the complex background 

of these images and the influence of external noise such as light, an incorrect 

recognition will be made. However, as shown in Figure 3, some of the better 

recognition have achieved accurate recognition of mouse images. 
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A Recognize picture: chair             b: Recognize picture: Computer 
Recognition rate: 38.35%                 Recognition rate: 51.37% 

Figure 2 Low recognition rate picture 

 

     
A Recognize picture: mouse               b: Recognize picture: mouse 
Recognition rate: 96.12%                   recognition rate: 95.59% 

Figure 3 Mouse recognition 

 

5. Conclusion 

In this paper, the image recognition based on the convolution neural network model 

and the depth learning framework Keas to recognize some everyday objects. In the 

experiment, training, monitoring training, inputting test data, and outputting a test 

chart and displaying the accuracy of the detected image are performed. In the training 

process, because the data set is small, the data similarity is not high. We use the 

weights of the frozen top k layers, and then retrain the back n-k layers to fine-tune the 

network model. This not only improves the training efficiency, it also increases the 

convergence of the network. In the end, it can be concluded that it is feasible to train 

the training model by training a small part of its own data set. This not only reduces the 

training time, but also greatly improves the accuracy. Through the implementation 

steps, we can see that there are still several points to be improved: 1. it takes a lot of 

time to make the manual annotation of its own number, and it is necessary to improve 

the quicker marking method in the future. 2. When recognizing objects, it uses the 

pictures that identify objects, which greatly reduces the detection rate of real-time 

objects, and lacks the error analysis caused by camera distortion. 
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