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Abstract—Recent studies show that features from deep layers of 
convolution neural network can represent the image more 
strongly. This paper proposes an effective retrieval system to 
achieve a grading retrieval which contains two stages. In the first 
pre-screening stage, we propose a novel method to generate both 
deep binary feature vectors and compressed vectors based on 
multiple deep layers. And the second refine-retrieval stage refine 
the retrieval result. Grading retrieval can make full use of the 
features extracted from different layers. And, the retrieval 
efficiency is guaranteed by binary features and compressed 
features in both stages. Experiment based on public retrieval 
datasets shows that the proposed system markedly improves the 
retrieval accuracy while enhancing the retrieval efficiency. 

 
Keywords—Binary code, Convolutional neural network, Deep 
convolutional feature, Feature compression, Image retrieval. 

I. INTRODUCTION 

With the rapid growth of image information nowadays, 
how to retrieve and manage images information efficiently 
becomes more and more important. To meet such application 
requirements, Content-Based Image Retrieval (CBIR) systems 
have been developed. 

Effective feature representation and similarity measurement 
are crucial to the retrieval performance of a CBIR system. The 
traditional retrieval methods are mostly based on hand-crafted 
features which are low-level and far from human cognition. 
Inspired by the success of convolutional neural networks 
(CNN) in image classification tasks, it is possible to learn 
mid-level features from deep CNN and fill the semantic gap, 
as in [1]. In 2014, A. Babenko demonstrated that CNN has a 
great advantage in image retrieval as in [2]. After that, 
features from fully connected layers is utilized to represent 
images as in [3]. With further development, features from 
convolutional layers show great potential to boost the retrieval 
accuracy, as in [4].  

Based on the previous studies, we propose an image 
retrieval system which mainly contains two stages: pre-
screening retrieval stage and refine retrieval stage. A novel 
method used in the pre-screening stage can efficiently learn 
deep binary features from CNN layers and compact them. 
Then we further fuse the retrieval results based on compacted 
vectors adaptively to achieve a better performance. Finally, 
the fused result is refined based on the first stage.   

Different from the previous studies, we make use of the 
ReLU activation function in CNNs to obtain the hashing-like 
codes in the network directly. Here the ReLU activation 
function both acts as nonlinear activation function and binary 
activation function to omit the hashing encoding operation. 
We further compress the binary vectors to guarantee the 
retrieval efficiency.   

II. RELATED WORK 

Traditional image retrieval systems are based on visual 
word representations. The Bag-of-Words (BoW) approach 
encodes local features into a histogram according to the 
occurrence frequency of each visual word, as in [5]. Fisher 
Vector, as in [6], constructs visual words with a Gaussian 
mixture model (GMM) and forms them as the concatenation 
of accumulated gradient. The Vector of Locally Aggregated 
Descriptors (VLAD) and its variations, as in [7]-[9], are 
considered to be a kind of simplified Fisher Vector which 
accumulates the difference of each local feature and uses these 
accumulated values to describe an image. Since the 
computational cost and memory requirements are crucial for 
image retrieval system, it is necessary to reduce the dimension 
of image representations with less information loss. Hashing 
learning methods which can map the vectors into binary code 
are popular in dimensional-reduction, such as SH, LSH, 
SKLSH and ITQ, as in [10]-[13]. 

III. PROPOSED METHOD 

The framework of the CBIR system proposed in this paper 
is shown in Figure 1. Network preparing: pre-training network 
on the large-scale dataset to determine the proper initial 
parameter of the network and then further fine-tuning the 
parameters on the target database to set up the feature-
extracting network. Image retrieval: (1) Pre-screening 
retrieval: the fine-tuned network extracts binary-like features 
of the target database from different convolutional layers and 
the final fully connected layer. The binary-like features are 
then normalized to the binary codes. Since the binary code is 
high dimensional, we compact the binary features extracted 
from convolutional layers and fuse the similarities measured 
by them to select a candidate dataset for refine retrieval. (2) 
Refine retrieval: a fine retrieval on the candidate dataset is 
implemented using the binary high dimensional feature codes 
extracted from fully connected layers.  
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Figure 1.  The framework of retrieval system 

A. Deep Binary Feature Extraction 
Different from the traditional binary encoding operation, 

our method makes use of the binary activation character of 
ReLU layers in CNN to directly extract the binary-like feature 
vectors from the network and then normalize them to generate 
standard binary codes. The ReLU activation operation shut 
down the left part so that it can map the large range into the 
smaller one and sparse the input feature. More importantly, 
ReLU function also has the ability to map the complex feature 
into a kind of binary-like form. Therefore, we extract our 
features from the ReLU layers after both convolutional layers 
and fully connected layer.   

Let 
1 2[ , , ..., ]k k k k

NV V V V= denotes the binary-like vector 
extracted from the k-th ReLU layer which has N channels 
(feature maps), and element ( 1,...., )k

iV i N=  in the binary-like 
vector represents a m*n sized feature map of the i-th channels 
(the m*n size of feature map depends on the structure of CNN 
and which layer this feature map is in the network). All values 
in this feature map are non-negative because of the previous 
ReLU activation.  

In order to converting 
1 2[ , , ..., ]k k k k

NV V V V= to the 
standard binary vector

1 2[ , , ..., ]k k k k
NB B B B= , all nonzero values 

in ( 1,...., )k
iV i N=  are turned to be 1, so that all ( 1,...., )k

iB i N=  
are m*n sized binary feature maps. 

Through this strategy, the image can be represented by a set 
of binary feature vectors from convolutional layers and fully 
connected layer. Features from convolutional layers are going 
to be further compacted for pre-screening stage. Feature from 
fully-connected layer is employed for refine stage. 

B. Pre-Screening Retrieval 

1) Compaction of Binary Features:   

Although binary codes reduce the computational cost 
greatly, the high dimension still limits the computational 
efficiency. We discover that the quantity of “1” in the 
corresponding convolutional binary feature map between 
similar images are quite close. To achieve a faster retrieval, 
we compact the convolutional binary vectors by summing the 
values in every binary feature map (Equivalent of counting the 
quantity of “1” in each feature map): 

( ), 1,...,k k
i if sum B i N= =  

Then lower dimensional vector 
1 2{ , ,..., }k k k k

NF f f f=  can be 
obtained. Since the compacted vectors are no longer binary, to 
maintain the efficiency of similarity matching, a phased 
scoring method shown in Algorithm Similarity Measure 
Method is used to calculate the similarity. 

Algorithm   Similarity Measure Method 

Input: Query image compact feature vector: 
( ) ( ) ( ) ( )

1 2{ , ,..., }q q q q
NF f f f= ; 

            Target image abstract feature vector: 
( ) ( ) ( ) ( )

1 2{ , ,..., }t t t t
NF f f f= ; 

            m: the size of the feature map before compact. 
Output: The similarity between query image and target 
image 
1: Set initial similarity S = 0; 
2:  For n = 1: N 

3:      ( ) ( )q t
n nsub f f= − ; 

4:      if 0≤ sub <⌊m/2⌋:  S = S + 2; 
5:      if m/2< sub <m:  S = S + 1;  
6:      if m≤ sub <2m:  S = S - 1; 
7:      if 2m≤ sub < 3m:  S = S - 2; 
8:      if 3m≤ sub < 4m:  S = S - 3; 
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9:      if sub > 4m:  S = S - 4; 
10:  End For 

11:  Return similarity S for each target image; 

The similarity set 1 2{ , ,..., }k k k k
TS s s s=  (T denotes the image 

numbers of target database) of target database based on 
feature from k-th layer has been obtained. 

2) Fusion Method   

Features from multiple deep layers have more capability to 
describe the image content in details. Thus, multiple similarity 
sets acquired from different layers in last section will be fused 
to achieve a global measurement and a higher retrieval 
precision. Zheng et al. discovered that there exists a negative 
relevant relationship between the performance of feature 
(measured by Average Precision (AP)) and the area under its 
normalized similarity curve (demonstrated in Figure 2), as in 
[18]. This discovery makes it possible to evaluate the 
performance of different features. This section uses a dynamic 
fusion algorithm to set the weight of different similarity sets 
according to the retrieval contribution of their features.  

Based on features from K different layers, K similarity-sets 
1 2[ , ,..., ]KS S S S=  are determined. Each value of the 

similarity set is max-min normalized as shown below. 
min( ) , 1,...,

max( ) min( )

k k
k t
t k k

s S
s t T

S S

−= =
−

 

The same image of a query can get the similarity equal to 1, 
while the totally irrelevant image gets 0. After normalization, 
the similarity sets are denoted as 1 2[ , ,..., ]KS S S S= .By 
calculating the area under the different features’ score curve, 
we can determine the weight of each feature.  

 
Figure 1.  Three features are used for a query in the target database and then 
obtain three score curves respectively. It is obvious that good feature (which 
has a higher AP) is above bad ones whose mAP is lower than good features. 

The area of k-th feature can be computed as 
( )k

kArea sum S= . Because of the negative correlation, the 
weight of k-th feature can be determined as: 

1

1

1

, 1
1

K
k

k kK
k

k k

Area

Area

ω ω
=

=

= =


   

The global similarity between image t in target database 
and query image q is measured by the sum rule: 

1
( , )

K
k k

t
k

Sim q t sω
=

= ⋅  

We select the images whose global similarity is higher than 
the threshold Th from target database to form a candidate 
dataset 1 2{ , ,..., }MP I I I=  which contains much less target 
images for every query.  

C. Refine Retrieval 
To further enhance the retrieval precision as well as 

balance the amount of computation of the feature vector 
matching, we use the high dimensional binary vector from 
fully connected layer in the refine stage. Based on candidate 
dataset 1 2{ , ,..., }MP I I I=  and their corresponding fully 
connected binary vectors. We measure the similarity between 
the query image q and the target image t from candidate 
dataset by hamming distance: 

( , )Sim N H q t= −  
where N denote the length of the binary feature vector and 
H(q,t) denote the hamming distance between image q and t.  

IV. EXPERIMENT AND RESULTS 

The VGG-Net, as in [17], proposed by Krizhevsky et al. 
is used as our hierarchical deep feature extraction network and 
is implemented on Matconvnet. The pre-training database 
used here is the ImageNet which contains more than 1.2 
million images classified into 1000 categories. Our retrieval 
system is tested on two public available datasets and has 
showed a good performance comparing to several state-of-arts. 

A. Database 
Inria Holidays, as in [19]: This dataset is mainly personal 

holiday photos. Datasets include a variety of scene types 
(natural, artificial etc.) of high resolution images. A total of 
1491 images divided into 500 categories, each category 
representing independent scenes or objects. The first image of 
each group is the query image and the rest of the images are 
related images. 

Oxford Building, as in [20]: This database includes 5062 
Oxford landmark images collected from the Flickr site. The 
dataset has been manually classified to 11 different landmarks 
categories according to human understanding, each of which 
consists of 5 query images. The dataset can totally provide 55 
query images for the image retrieval experiment. 

B. Evaluation of different Convolutional features 
As VGG-Net has 5 convolutional blocks, we evaluate the 

performance of features that extracted from several deep 
blocks by mean average precision (mAP) as showed in Table 
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1. Moreover, we compare our feature compact method with 
the state-of-arts on Inria Holidays and Oxford Buildings 
which are showed in Table 2 and Table 3 respectively. 

The result shows that our method is competitive to the 
existing feature simplification method and the features from 
conv-block5 have better performance than others. Here, we 
select the top 4 features (ReLU5_1, ReLU5_1, ReLU5_3 and 
Pool5 that are marked as bold in the Table 1) to apply in our 
retrieval system. 

C. Performance of the retrieval system 
We fuse the selected features’ similarity to boost the pre-

screening retrieval precision, and then identify the target 

candidate dataset which contains less images to conduct the 
refine retrieval. In the refine retrieval, we use the 4096-
dimensional binary vector which is extracted from the ReLU 
layer after fully connected layer 6.  

We compare our method with the previous image retrieval 
approaches on the Inria Holidays database in Table 4. Our 
features outperform hand-crafted features (such as VLAD and 
Fisher Vector) and some recent CNN-based features.  

The experiments have shown that our grading retrieval 
system effectively decomposes the pressure of large image 
database. Through a coarse to fined retrieval mechanism, the 
accuracy is improved while ensuring the retrieval efficiency. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Table 1.  THE PORFORMANCE OF DIFFERENT CONVOLUTIONAL FEATURES 

BLOCKS CONV-BLOCK 3 CONV-BLOCK 4 CONV-BLOCK 5 

LAYERS Relu3 Pool3 Relu4 Pool4 Relu5_1 Relu5_2 Relu5_3 Pool5 

INRIA HOLIDAYS 56.48 58.35 70.9 72.27 74.71 75.38 74.93 74.16

OXFORD BUILDING 20.75 23.5 41.19 42.87 43.02 49.94 47.83 48.23 

Table 2. COMPARISON WITH VARIOUS FEATURE COMPACT METHODS ON INRIA HOLIDAYS 

METHOD POOL3 POOL4 RELU5_1 RELU5_2 RELU5_3 POOL5 

LSH 44.48 69.42 58.49 71.57 66.75 69.47 

SKLSH 37.2 64.62 46.56 67.78 60.7 66.97 

SH 57.9 71.52 64.75 72.48 70.1 72.05 

PCA-RR 43.98 64 64.02 73.17 69.69 72.71 

DSH 53.02 63.9 55.5 66.32 60.84 67.99 

ITQ 39.73 71.99 63.72 74.26 70.39 64.15 

OURS 58.35 72.27 74.71 75.38 74.93 74.16 

Table 3. COMPARISON WITH VARIOUS FEATURE COMPACT METHODS ON OXFORD BUILDINGS 

METHOD POOL3 POOL4 RELU5_1 RELU5_2 RELU5_3 POOL5 

LSH 21.35 40.57 39.85 47.2 46.07 48.72 

SKLSH 16.32 39.45 29.75 46.47 38.53 50.15 

SH 24.31 44.73 41.44 48.64 47.31 49.17 

PCA-RR 21.89 32.2 30.6 40.78 37.58 43.32 

DSH 12.44 42.36 41.29 48.42 47.99 48.8 

ITQ 23.5 42.87 43.02 49.94 47.83 48.23 

OURS 23.35 45.57 42.85 50.2 48.07 49.72 

Table 4.  COMPARISON WITH VARIOUS IMAGE RETRIEVAL METHODS ON OXFORD BUILDINGS 

Method Inria Holidays Oxford Buildings 

VLAD + CSurf 73.8 29.3 

FV + T-embedding 65.7 47.2 

Sum pooling + PCAW 80.2 58.9 

Max pooling+l1 dist 71.6 53.53 

Deep fully connected 74.9 43.5 

Deep fully connected + finetune 78.9 55.7 

Ours 81.32 58.49 
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V. CONCLUSIONS 

We propose an image grading retrieval system which 
contains two retrieval stage in this paper. The first pre-
screening stage selects candidate from target database by 
generating both deep binary feature vectors and compressed 
vectors based on multiple deep layers for fast retrieval. And 
the second refine stage utilize the deep binary vector from 
fully connected layer to refine the retrieval result. Compared 
with the other image retrieval approaches, our system has two 
main strengths: Firstly, grading retrieval mechanism makes 
full use of the deep features from both deep convolutional 

layers and fully connected layer and gives input image a more 
comprehensive representation. Secondly, the efficiency of our 
system is guaranteed by binary features and compressed 
features.  

Our method effectively decomposes the pressure of large 
database by grading retrieval system. Through a coarse to fine 
retrieval mechanism, the accuracy is improved while ensuring 
the retrieval speed. Our retrieval system shows a competitive 
performance over some state-of-arts approaches through 
experiments on public databases.  
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