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Abstract 
 

The image database has rapidly increased in modern years. There are a large 

number of images being taken by the satellites.  Thus particular image 

searching has turned out to be a very tedious task from the massive database 

of images, for the intended users. To avoid this difficulty a new 

Convolutional Neural Network (CNN) is proposed for 21 classes of UC 

merced land use land cover dataset. Each class contains 100 remote sensing 

images which are analysed and retrieved using the novel method. The results 

show that the proposed attitude is high in accuracy, coverage ratio, F-score, 

ROC curve etc. when compared to other methods. 
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1 Introduction 
 
          The content based remote sensing image retrieval has been recently 

introduced in various fields. The convolutional neural network is an artificial 

neural network. They are extensively used in image retrievals. The memory 

size is considerably reduced and the performance is proportionally increased 

by this network. The convolutional neural network personally absorbs the 

filters. Deep learning technique is the most precious classification algorithm 

for retrieving more number of images from different classes.  It extracts the 

features from lots of separated images. 

           The deep learning process uses large scale deep belief networks for 

actual feature demonstrations.[1]. The semantic gap is the main challenge  

nowadays.  It shows how to solve the problem using the machine learning 

techniques for similarity measures and retrieval [2].The structural phase  

congruency Linear discriminant analysis descriptors and artificial neural 

networks are able to find the change detection in remote sensing images[3]. 

The different clustering techniques are evaluated and novel adaptive c mean 

clustering performs better[4].The shape based retrieval of images performed 

well for morphological descriptors [5] . The content based remote sensing 

image retrieval   techniques and usage are well explained [6] 

 

2 Significance of deep learning 
 

           Deep learning is an efficient technique to solve complicated problems 

in machine learning. When given more amount of data, it gives more 

accurate results. It is used for creating architectures. It is applicable in 

various domains including business, science, detection of cancer, detection of 

object, computer vision etc.  [7]. The network depth is increased in deep 

learning, the deep belief network is used for  the prediction of material  

removal rate in chemical polishing .It occurs due to chemical reaction[8].  

 

3 Convolutional Neural Network 
 

The Convolutional Neural Network has layers, which are voluntarily tracked 

by contrast normalization and max-pooling. The  classification and detection 

performance is well used by Google Net [9].The graph  is read by the deep 

graph convolutional neural network followed by classification[10]. The 

animal visual cortex representation is the convolutional neural network. The 

deep reinforcement learning model is used to control the traffic light 

[11].The object concept is used from convolutional neural network in visual 

tracking to  represent a new target [12]. The convolutional Neural network is 

also applied  
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for identifying library books in a smart library[13].ConvNet is a very 

effective  training network because of it's uniform architecture[14]. The deep 

encoder, deep belief network, deep stacking network are the important 

successful deep learning architectures [15]. The website fingerprint design 

and it's scope of identifying the features automatically for reducing the 

fingerprint attack on websites is well documented[16]. The image Net 

database also used for research purposes has more number of images that 

cover different types of objects[17].The convolutional Neural Network's 

performance is best for Content Based image Retrieval in the deep survey 

[18]. 

 

4 Proposed Method  
 

              In the proposed method the query image is taken  from the large set  

of remote sensing images .They are downloaded from the USA Geological 

Survey (USGs) National map of the following US regions namely 

Birmingham,Boston,Buffalo,Columbus,Dallas,Harrisburg,Houstan,Jacksonvi

lle,LasVegas,Losangele,Miami,Napa,Newyork, Reno, sanDiego, Santa 

Barbara, Seattle, Tampa,Tucson and  Ventora. From the dataset the features 

are extracted using Convolutional Neural Network, which is then used for 

classification of Remote sensing images and for the retrieval purpose. The 

ResNet -50 is 3 layers deep and is used for classifying the 1000 Remote 

Sensing images in 21 classes.  This can enable us to study multitude features 

from anextensive range of images.   When the size of the layers increases, the 

training is very effective and produces very accurate results. 

 

 
Figure 1 Architecture of proposed Method 

 

The image features are extracted by the pretrained  Resnetworks   and  these 

are used to train the multiclass Support Vector Machine( SVM) classifier. 

This is used to speed up the training process in Convolutional Neural 

Network (CNN), because the features length in Convolutional Neural 

Network are very  
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large. For the test images also continue the same procedure and then pass it 

to the classifier to determine the accuracy of trained classifier.The process of 

proposed method is well shown in the block diagram figure 1. The Resnet 50 

layer is taken in Convolutional Neural Network architecture. These 

overcome the low accuracy performance complexity based on the other 

existing techniques . 

Resnet 50 is a deep layer having 1000 fully connected layers. The layer 

depth is from the input to the output path. The input image size is taken as 

224 x 224 x3 .The operation of convolution is performed by batch 

normalization function. The batch normalization is used to normalize 

the1000 features for fast learning. Weight layers and the activation function 

are in the neural  

networks.  By adjusting the scaling of the activation functions we can 

normalize the input layer. The hidden layers also normalize by the batch 

normalization. The activation function Residual linear unit (ReLu) is used in 

this neural network.  The batch normalization improves the remote sensing 

images by adding it to the convolution layers and hidden layers. The pooling 

operations are also performed for reducing the parameters. The maxpooling 

can be done in the first layer and the average pooling can be done in the last 

layer.  Here the gradient can stream straightforwardly through the skip 

associations in reverse from later layers to beginning channels. The 

activation function is not used in the end layer. 

The 32x32 is the size used in the CNN primarily.   The kernel size  used  

in the proposed method is 7x7.The input layer  is permitted to the hidden 

layer  after the completion of the procedure. The 2100 remote sensing images 

are classified using the Resnet 50  and the SVM is used for pretraining the 

networks. According to the query image the images are retrieved. 

 
5 Remote Sensing Image Retrieval and Analysis  
    

 The images are finally retrieved using the Convolutional Neural 

Network classifier. The most relevant images related to the query Remote 

Sensing image is retrieved based on the Euclidean distance measure for the 

Convolutional Neural Network. The chaparral image is given as query image 

for which top most 20 similar images are   retrieved using convolutional 

Neural  
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Network and then predicted as class 6 chaparral image. It is shown in figure 

2. 

 
 

Figure 2 For the query chaparral image the top 20 retrieved images using the 

proposed method. 

    

   The Convolutional Neural Network classifies the image categories and 

predicts the actual classes using the confusion matrix.  The performance of 

the classifier can be identified by the confusion matrix [15]. The accuracy, F-

score, Precision, Recall, Sensitivity and other precision metrics are also 

based on this. The coverage ratio is calculated for 21 classes.  

 

5 Comparison With the existing Methods 

The proposed method is compared with the support vector machine 

classifier with multifeatures, Color Histogram oriented gradient (HC), Gabor 

Wavelets (GW), and Histogram oriented gradient (H) .The coverage ratio 

obtained is  better for the proposed method  for  the various classes in 

comparison to the existing method 

 

              (1) 

 

Where R is the total number of relevant images in the image database. nRi is 

the number of relevant images returned  for the top 10i images[19]. Here i 

was taken as 2. The medium residential images produces better coverage 

ratio than  
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the other images in the proposed method. Table 1 shows the   comparison of 

proposed method with the existing methods based on the coverage ratio 

metrics. The proposed method is compared with the existing methods   SVM 

+ Multifeatures, SVM +HC, SVM+GW and SVM+H. Here it shows that the 

proposed method is the best one when compared with the others. From 21 

classes the dense residential has the highest metric value 0.953 when 

compared with the other classes. 

 
Table 1 The Comparison of proposed method coverage Ratio Metrics for 21 classes 

of Remote sensing images. 

 

Class Proposed SVM+ 

Multi 

feature 

SVM

+ HC 

SVM+ 

GW 

SVM+ H 

Agri 0.899 0.670 0.670 0.638 0.537 

Airplane 0.933 0.556 0.532 0.569 0.475 

Baseball 0.943 0.490 0.496 0.415 0.484 

Beach 0.896 0.718 0.587 0.593 0.549 

Buildings 0.802 0.488 0.526 0.395 0.393 

Chaparral 0.909 0.620 0.558 0.620 0.483 

Dense 

residential 

0.953 0.443 0.489 0.490 0.486 

Forest 0.909 0.601 0.549 0.642 0.442 

Freeway 0.943 0.625 0.530 0.640 0.459 

Golf 

course 

0.847 0.613 0.661 0.534 0.637 

Harbor 0.933 0.642 0.585 0.628 0.511 

Intersectio

n 

0.935 0.585 0.554 0.463 0.529 

Medium 

residential 

0.987 0.412 0.505 0.425 0.447 

Mobile 

home park 

0.845 0.628 0.566 0.592 0.483 

Overpass 0.905 0.701 0.683 0.539 0.733 

Parking lot 0.909 0.675 0.600 0.686 0.692 

River 0.881 0.527 0.532 0.709 0.674 

Runway 0.860 0.6153 0.617 0.619 0.690 

Sparse 

residential 

0.872 0.561 0.509 0.537 0.486 

Storage 

tanks 

0.949 0.584 0.436 0.509 0.534 
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Tennis 

court 

 

0.809 0.625 0.816 0.393 0.384 



                                                                                                                  
 

 

 

 

 

 

 

 

 

 

 

Table 2 Evaluation metrics for the remote sensing images using the proposed and 

existing methods 

 

Parameter 

Proposed SVM+ 

Multi 

feature 

SVM

+ HC 

SVM

+GW 

SVM

+H 

F-score 0.924 0.709 0.650 0.622 0.590 

Sensitivity 0.927 0.708 0.655 0.626 0.574 

Specificity 0.996 0.986 0.983 0.982 0.979 

Precision 0.926 0.718 0.659 0.628 0.570 

Error 0.074 0.276 0.327 0.352 0.409 

AUC 0.958 0.703 0.654 0.624 0.555 

Accuracy 0.927 0.729 0.672 0.647 0.590 

 

   The Table 2 shows the evaluation Metrics score, Sensitivity, Specificity, 

Precision, Error, AUC, and Accuracy. They shows highest value for the 

proposed method, when compared with Support vector Machine combined 

with multifeatures [15].  The proposed method has 0.927 accuracy value 

when compared with the existing methods. The error rate is very less 0.074 

when compared with other existing techniques. The precision and sensitivity 

are more for proposed method when compared with the others. The 

specificity value is high for the proposed one. Thus showing that the 

proposed one is better than the other methods. 

 The Receiver Operating Charateristics(ROC) graph shows  the classifier 

performance. The graph shows highest value for the proposed method. The 

Area Under the ROC Curve(AUC)  produced should be ‘1’ for better 

performance.    

True positive Rate= True Positive/ (True Positive + False     Negative)                                        

(2) 

 False Positive Rate=False Positive/ (False Positive +True Negative)                                       

(3) 
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Figure 3 The ROC graph for the deep Convolutional Neural Network classification 

technique 

 

   The average Normalised modified retrieval Rank for the proposed method 

is best in retrieval performance. The average normalized retrieval rank is 0 

for better performance of retrieval quality. It is determined [20],[21]as 

 

       (4) 

 

For a given query image q , consider  kth groundtruth image is retrieved for 

Rank k 

 

          (5) 

 

Where number of queries is NG (q).  

   The Average Normalized Retrieval Rank is analysed for the proposed 

method with the existing methods.  It shows that the proposed method 

produces better retrieval rank when compared with the existing methods. 

From all the classes the 7
th
 class shows the highest retrieval rank rate when 

compared with the other classes. The dense residential is the 7
th
 class  from 

the uc merced land use land cover database. 
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  Figure 4 The ANMRR for the 21 classes using various techniques. 

 

     The Overall accuracy is 92.74% for 21 classes of images. Performance for 

the proposed method is better when compared with the other techniques. 

 

6 Conclusion 
 

            The deep Convolutional Neural Network performs very well for the 

Content Based Remote Sensing Image Retrieval. For deep evaluation and 

various output using the proposed method and other techniques it is 

concluded that the proposed method produces awesome results.  The 

proposed method when  analyzed using various evaluation metrics shows an 

improved performance over  the previous techniques. The classification 

using the novel method gives less error rate than the existing methods. Thus 

the overall accuracy for the retrieval rate is high for the proposed method 

when compared with the other techniques. 
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