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Abstract

Text-based image retrieval is not only cumbersome as it requires the manual input of keywords by the user, but is also limited in

the semantic approach of keywords. However, content-based image retrieval enables visual processing by a computer to solve

the problems of text retrieval more fundamentally. Vision applications such as extraction and mapping of image characteristics,

require the processing of a large amount of data in a mobile environment, rendering efficient power consumption difficult.

Hence, an effective image retrieval method on mobile platforms is proposed herein. To provide the visual meaning of keywords

to be inserted into images, the efficiency of image retrieval is improved by extracting keywords of exchangeable image file

format metadata from images retrieved through a content-based similar image retrieval method and then adding automatic

keywords to images captured on mobile devices. Additionally, users can manually add or modify keywords to the image

metadata.

Index Terms: Content-based image retrieval, EXIF metadata, Feature extraction, SIFT, Text-based image retrieval

I. INTRODUCTION

The continued innovation in mobile devices has almost

replaced high-end digital cameras by rendering image data

easily and freely available to all. Mobile technology has

become a significant aspect of our daily lives, particularly

through repeated capturing or editing using the camera

phone, wherein large amounts of image data are being cre-

ated and stored and then shared over the Internet. Therefore,

indexing for significant amounts of image data is an import-

ant issue.

Many applications are being developed to replace other

devices owing to the advantages of mobile phones, i.e.,

mobility and improved performance.

Desktop scanners, which are used by the majority of users,

are gradually losing their advantage over smartphones in

terms of document image acquisition. In fact, many applications

exist that enable users to capture images by modifying

perspective and contrast, as well as by triggering capture

when documents are organized well or photographs are clear

[1].

These image data should be maintained for efficient

browsing and retrieval. Additionally, excellent skills are

necessitated to retrieve images [2].

For mobile image applications, mobile device-related stud-

ies have been performed, e.g., mobile applications for detect-

ing and recording physiological data using wireless body

sensor networks [3], face clustering to group similar faces

[4], three-dimensional map-augmented photo gallery mobile

application [5], mobile document imaging [1, 6], content-

based image retrieval (CBIR) [2, 7, 8], image registration

and classification techniques [9-12], offloading to improve

mobile application performance [13, 14], privacy-preserving

sparse representation classification [15], interpretable com-
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puter-aided diagnostic pipelines that can diagnose glaucoma

offline on mobile devices [16], and food recognition using

mobile devices [17].

For the practical acceptability of mobile imaging applica-

tions, the registration must be of low computational com-

plexity [11].

In addition, various techniques for retrieving and sorting

images from resources simultaneously using mobile phones

have been proposed.

In mobile phones, text-based retrieval has been well devel-

oped and adopted extensively; however, content-based

retrieval applications are limited and have not yet been

investigated comprehensively. The limitations include small

storage space, limited screen size, few control keys, and

other technical barriers [8].

Conflict exists between the ability to manage handle vari-

ous real tasks and the applied functions or the calculation

cost of the classifier. Because mobile phones contain a sig-

nificant number of photographs and videos, it is difficult to

distribute sophisticated technologies to cost-sensitive devices

[18].

The image processing of a mobile platform requires

numerous corrections to be performed on the captured

images owing to the free motion, which is a smartphone

camera’s portability advantage; however, this task is difficult

owing to limited resources. In these mobile devices, the

necessity to adopt image retrieval methods that consider the

characteristics of limited memory and processing perfor-

mance is increasing.

Text-based image retrieval (TBIR) is not only cumbersome

as it requires the manual input of keywords by the user, but

is also limited in the semantic approach of keywords. How-

ever, CBIR enables visual processing by a computer to solve

the problems of text retrieval more fundamentally. Vision

applications such as the extraction and mapping of image

characteristics require the processing of a large amount of

data in a mobile environment, rendering efficient power con-

sumption difficult.

Hence, an effective image retrieval method on mobile plat-

forms is proposed herein. To provide the visual meaning of

keywords to be inserted into images, the efficiency of image

retrieval is improved by extracting keywords of exchange-

able image file format (EXIF) metadata from retrieved

images through a content-based similar image retrieval

method and then adding automatic keywords to images cap-

tured on mobile devices. Additionally, users can manually

add or modify keywords to the image metadata.

The remainder of this paper is organized as follows. In

Section II, existing research methods related to image

retrieval are discussed, and CBIR using EXIF is proposed in

Section III. Section IV describes the implementation results

and analysis, and the conclusions and references are pro-

vided in Section V.

II. RELATED STUDIES

Image retrieval methods can be categorized into TBIR and

CBIR methods.

In TBIR, labels or index images are searched using key-

words, titles, or codes. Keywords are the basis for performing

searches. This type of image retrieval is not a standardized

system because it requires considerable time for annotating

various images manually. Different users use different key-

words to search for images based on their knowledge and

understanding, rendering it difficult for users to search for

images. Therefore, a new image search method based on the

image content is necessitated. This technology is known as

CBIR. The word “content” can imply visual content, shape,

color, texture, spatial layout, or information that can be

inherited from the image. This content provides information

regarding the images. However, efficient techniques must be

developed to extract the content of images [2].

Several image retrieval techniques have been proposed

hitherto.

Shrestha et al. [3] proposed a bridge device that acquires

data from an implantable RF or wired biosensor and retrans-

mits it using a Wi-Fi network. Furthermore, inspection appli-

cations were developed on the Android mobile platform.

The existing CBIR system proposed by Kaur et al. [2] is

based on color, text documents, information charts, and fig-

ure shapes, and the existing CBIR system retrieves similar

images by fetching input query images. The proposed

approach involves efficient statistical feature extraction and

further classification of images by these features using artifi-

cial neural networks, naïve Bayes classifiers, and fuzzy neu-

ral networks. Classifiers classify images based on datasets.

Fu et al. [5] proposed a map-based service and integrated a

function to enable location-based photograph sharing. As an

example, if a user uses Google Maps, then a floating thumb-

nail can be viewed when the user selects a thumbnail while

navigating in Street View, or when modifying the viewing

angle from a Street View image to a two-dimensional image

with a mouse click.

Menesson et al. [7] proposed a unique CBIR method using

words to construct matching words on mobile devices.

Assuming that the images comprise a basic block set, only a

few well-selected functions is used to display images. Con-

sequently, the data size that will be sent to the server based

on image retrieval from mobile devices will be reduced sig-

nificantly. Experimental results indicated that this method

can surpass the standard word approach while reducing the

number of functions used to represent images. Furthermore,

this general framework can be used with all types of descrip-

tors and indexing methods.

Dasari et al. [9] argued that image alignment is key in a

mobile computerized photograph pipeline. Image alignment

algorithms can be classified into image- and feature-based
37 http://jicce.org
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algorithms, where slight changes are assumed in the image

intensity and features. In terms of robustness and accuracy,

multiple sensor systems are generally preferred over single-

sensor systems. Implementing a computerized photograph

application in a handheld mobile camera is difficult because

input images are not captured using stable platforms such as

a tripod.

Hauswald et al. [12] presented an image classification

method for computer vision applications. It is classified into

two categories: feature extraction and machine-learning-

based prediction. Machine-learning algorithms in computer

vision attempt to describe the content of an image based on

the characteristics of the image. In this case, a large set of

images must be learned to predict a new image. Machine

learning is used to predict whether an image has a specific

object (or class of objects). In the case of mobile platforms,

machine-learning algorithms require a large amount of com-

putation and storage.

Tico et al. [11] classified image registration methods into

two categories, i.e., feature- and image-based methods. Fea-

ture-based methods rely on determining the exact correspon-

dence between different types of visual features extracted

from an image. In some applications, feature-based methods

are the most effective if the image always contains promi-

nent features (e.g., reduction of fingerprint images and edges

of high-resolution natural images). However, when process-

ing natural images with coarse resolution levels, it is more

difficult to define certain types of salient features that can be

detected in sufficient numbers in all images.

III. CBIR TECHNIQUES USING EXIF

Factors such as processing speed, memory utilization, and

power consumption cause other problems when solutions

must be distributed to resource-limited devices such as

mobile phones [18].

Currently, mobile developers of computer vision are

attempting to reduce runtime, network usage, and energy

consumption [11].

To improve the retrieval of images that are generated

repeatedly on mobile devices, grouping is required, and

image retrieval must be supplemented with existing key-

words. This study focuses on efficient retrieval methods for

large numbers of digital images captured in mobile devices.

In our daily lives, images captured repeatedly using mobile

cameras exhibit similar properties and add visual meaning to

keywords using these properties, and content-based similar

images are retrieved from database images.

Fig. 1 shows the overall organization of this paper.

As shown in Fig. 1, the mobile user captures the image

from mobile devices and transmits the query image to the

server. The servers process the computer vision. The feature

descriptors of query images are extracted from feature

extraction and similar images are detected in the existing

database images; if an image mapped to the query images

exists, then keywords of the retrieved image are extracted,

and the keywords are transmitted to the mobile device. A

mobile user can replace file information using EXIF meta-

data in the header information of captured images; he/she

can insert keywords for image retrieval and then retrieve and

display similar images on a mobile device. In addition, the

keywords of the previously inserted metadata were manually

modified.

A. Content-based Image Feature Extraction

CBIR is performed to provide visual characteristics to

keywords (metadata) contained in header files of images

captured by mobile devices.

The effects of algorithms on CBIR may vary based on the

specific circumstances. In general, histogram-based process-

ing may be more cognizant of natural images, whereas

Gabor filter processing may be more suitable for textured

images.

Despite the technical limitations of these computer visions,

various methods can be used to classify similar images based

on color, texture, or feature extraction, which are visual fea-

tures in images. Feature extraction and matching are crucial

in image classification, and they are performed on the server

because they require a significant amount of computational

processing and storage on the mobile platform.

The server retrieves similar images from the query images

received from the mobile device using feature descriptors in

the scale-invariant feature transform (SIFT) algorithm. The

advantage of this technique is that it can determine the vari-

able properties of noise and local functions with location and

Fig. 1. System architecture.
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size changes.

SIFT-algorithm-based similar image retrieval methods

operate as follows:

Step 1. Users send query images to the server to add key-

words for similar image retrieval to images created on cam-

era phones.

Step 2. Keypoints are detected from the query images, and

visually similar descriptors are extracted. The descriptors are

formed from the size of the gradient alignment and the sam-

ple determined in the keypoint area. The keypoint descrip-

tors of the SIFT determine the extrema in the scale space.

The extrema in the scale space are known as points that are

likely to be re-retrieved for the image’s affine transformation

or perspective transformation.

Step 3. The server extracts the corner features from the

received query images and retrieves the matching images

from the image database. In other words, keypoints and

descriptors from the image data are extracted, and matching

is performed. Therefore, keypoints are detected from the

query and database images, respectively, and among them,

those with the slightest difference in the descriptor are the

same keypoints.

Step 4. When a similar descriptor is retrieved from the

database images, the keyword is extracted from the EXIF

metadata of the images and then transmitted to the mobile

device.

B. Insertion of Keyword into EXIF Metadata

Image files created with smartphones and digital cameras

include EXIF metadata that contain information regarding

the status of a photograph in the file header. EXIF is an

image file format used in digital cameras. This data are used

in JPEG, TIFF 6.0, RIFF, and WAV file formats, and they are

added with metadata that contain information regarding the

photograph.

EXIF metadata include information related to camera

setup, date and time information, explanation of copyright

information, and location information. Many image gallery

programs recognize EXIF data.

These EXIF metadata are added to a photograph that pres-

ents keywords sent from the server as query images, and

these keywords can be used to efficiently perform similar

image retrieval on mobile phones.

IV. IMPLEMENTATION RESULTS AND ANALYSIS

The proposed image retrieval application was developed as

a program that automatically inserts visually semantic key-

words into EXIF metadata through content-based feature

extraction for query images in Android-based mobile appli-

cations.

LabView was used as the server, and the OpenCV library

for image processing was linked. Figs. 2 and 3 show the

matching results of the keypoints and descriptors for com-

paring the similarity of the images retrieved from the query

images.

Figs. 2 and 3(a) represent the query images, and (b) shows

the mapped results by retrieving similar images from the data-

base images.

Fig. 4(a) shows the results of retrieving an image whose

keyword is “flower” sent from the server side using EXIF

metadata on the image captured on the mobile device. Fig.

4(b) shows that users can manually change keywords and

collectively modify keywords from multiple images.

Table 1 shows the results of an analysis of application

models for image retrieval.

Fig. 2. Mapped results by retrieving similar images: (a) query images; (b)

mapped results by retrieving similar images from database images.

Fig. 3. Mapped results by retrieving similar images: (a) query images; (b)

mapped results by retrieving similar images from database images.
39 http://jicce.org
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J. Chazalon et al. [1] used a mobile document acquisition

method to collect documents on mobile devices instead of a

desktop scanner; additionally, they presented the advantages

of collecting document on a smartphone. J. Mennesson et al.

[7] proposed a unique content-based image search method

using words to establish matching in mobile devices through

a content-based image search. F. Zhu et al. [10, 17] recog-

nized food in images captured using mobile devices, calcu-

lated calories, and used the information obtained for health

and diet purposes. W. Junior et al. [14] proposed a context-

sensitive offloading system that provides offloading deci-

sions with a high level of accuracy using major machine-

learning inference techniques and an effective profiling sys-

tem. Y. Shen et al. [15] proposed a new cloud support and

privacy scarcity classification system to protect the privacy

of both “data contributor” and “application user” when the

cloud server is not trusted.

V. CONCLUSION

In this study, visual meaning was provided to keywords to

be inserted through content-based image feature extraction

for effective image retrieval on mobile platforms. Conse-

quently, keywords transferred to mobile devices replaced

information in files using EXIF metadata from the header

information in the images. This complements the problem of

retrieving images with keywords while increasing the effi-

ciency of image retrieval. However, the visual meaning of

the keyword added to the image on the mobile device

depended on the sophisticated processing of EXIF metadata

on the database images.

Unlike previous studies, in this study, content-based image

search was added to compensate for the problem involving

image searching using keywords. This method degrades the

performance of mobile systems in searching for similar

images. Therefore, a method to minimize system degradation

on a mobile device is required.

Because the visual meaning of keywords added to an

image depends on the database image, sophisticated process-

ing of the database image should be investigated in future

studies.

REFERENCES

[ 1 ] J. Chazalon, P. Gomez-Krämer, J.-C. Burie, M. Coustaty, S.
Eskenazi, M. Luqman, N. Nayef, M. Rusiñol, N. Sidère, and J.-M.
Ogier, “SmartDoc 2017 video capture: mobile document acquisition
in video mode,” 2017 14th IAPR International Conference on

Document Analysis and Recognition (ICDAR), pp. 11-16, 2017. DOI:
10.1109/ICDAR.2017.306.

[ 2 ] M. Kaur and S. Dhingra, “Comparative analysis of image
classification techniques using statistical features in CBIR systems,”
2017 International Conference on I-SMAC (IoT in Social, Mobile,

Analytics and Cloud) (I-SMAC), Palladam, India, pp. 265-270, 2017.
DOI: 10.1109/I-SMAC.2017.8058351.

[ 3 ] R. Shrestha, T. Khan, and K. Wahid, “A wi-fi adapter for medical
data and imaging applications,” 2013 4th Annual International

Conference on Energy Aware Computing Systems and Applications

(ICEAC), Istanbul, Turkey, pp. 61-64, 2013. DOI: 10.1109/ICEAC.
2013.6737638.

[ 4 ] S. Lee, J. Kim, J. Won, N. Kim, J. Kang, and S. Jo, “An efficient

Table 1. Analysis of application model for image search

 Type

Paper
Proposed Method Application field

Paper [1] mobile document acquisition mobile application

Paper [7] content-based building image retrieval mobile application

Paper [10, 17] food object recognition and dietary assessment dietary assessment, mobile application

Paper [14] context-sensitive offloading system mobile cloud environment

Paper [15] face clustering mobile application

Proposed Paper keyword search by content-based visual processing mobile application

Fig. 4. Image search results on mobile phone: (a) results of retrieving an

image whose keyword is “flower”; (b) screen showing that users can manually

change keywords.
https://doi.org/10.6109/jicce.2021.19.1.36 40



Metadata Processing Technique for Similar Image Search of Mobile Platform
keyword search over photo images within mobile smartphones,”
2013 IEEE Third International Conference on Cloud and Green

Computing, Karlsruhe, Germany, pp. 558-560, 2013. DOI: 10.1109/
CGC.2013.94.

[ 5 ] J. Fu, L. Fan, K. Roimela, Y. You, and V. V. Mattila, “A 3D map
augmented photo gallery application on mobile device,” 2014 IEEE

International Conference on Image Processing (ICIP), Paris, France,
pp. 2507-2511, 2014. DOI: 10.1109/ICIP.2014.7025507.

[ 6 ] B. Q. L. Mai, T. H. Huynh, and A. D. Doan, “A SIFT- based
approach of recognition of remotely mobile phone captured text
images,” 2015 International Conference on Advanced Technologies

for Communications (ATC), Ho Chi Minh City, Vietnam, pp. 291-
296, 2015. DOI: 10.1109/ATC.2015.7388337.

[ 7 ] J. Mennesson, P. Tirilly, and J. Martinet, “Elementary block extraction
for mobile image search,” 2014 IEEE International Conference on

Image Processing (ICIP), Paris, France, pp. 3958-3962, 2014. DOI:
10.1109/ICIP.2014.7025804.

[ 8 ] A. Nakagawa, A. Kutics, and K. H. Phyu, “MOSIR: Mobile-based
segment and image retrieval,” 2011 7th International Conference on

Wireless Communications, Networking and Mobile Computing,
Wuhan, China, pp. 1-4, 2011. DOI: 10.1109/wicom.2011.6040612.

[ 9 ] R. Dasari and C. W. Chen, “A joint visual-inertial image registration
for mobile HDR imaging,” 2016 Visual Communications and Image

Processing(VCIP), Chengdu, China, pp. 1-4, 2016. DOI: 10.1109/
VCIP.2016.7805551.

[10] F. Zhu, M. Bosch, N. Khanna, C. J. Boushey, and E. J. Delp
“Multiple hypotheses image segmentation and classification with
application to dietary assessment,” IEEE Journal of Biomedical and

Health Informatics, vol. 19, no. 1, pp. 377-388, 2015. DOI: 10.1109/
JBHI.2014.2304925.

[11] M. Tico and K. Pulli, “Robust image registration for multi-frame
mobile applications,” 2010 Conference Record of the Forty Fourth

Asilomar Conference on Signals, Systems and Computers, Pacific

Grove, CA, USA, pp. 860-864, 2010. DOI: 10.1109/ACSSC.2010.
5757689.

[12] J. Hauswald, T. Manville, Q. Zheng, R. Dreslinski, C. Chakrabarti,
and T. Mudge, “A hybrid approach to offloading mobile image
classification,” 2014 IEEE International Conference on Acoustics,

Speech and Signal Processing (ICASSP), Florence, Italy, pp. 8375-
8379, 2014. DOI: 10.1109/ICASSP.2014.6855235.

[13] G. Valenzuela, A. Neyem, J. I. Benedetto, J. Navon, P. Sanabria, J.
A. Karmy, and F. Balbontin, “Towards native code offloading
platforms for image processing in mobile applications: a case study,”
2017 IEEE/ACM 4th International Conference on Mobile Software

Engineering and Systems(MOBILESoft), Buenos Aires, Argentina,
pp. 221-222, 2017. DOI: 10.1109/MOBILESoft.2017.27.

[14] W. Junior, E. Oliveira, A. Santos, and K. Dias, “A context-sensitive
offloading system using machine-learning classification algorithms
for mobile cloud environment,” Future Generation Computer Systems,
vol. 90, pp. 503-520, 2019. DOI: 10.1016/j.future.2018.08.026.

[15] Y. Shen, C. Luo, D. Yin, H. Wen, R. Daniela, and W. Hu, “Privacy-
preserving sparse representation classification in cloud-enabled
mobile applications,” Computer Networks, vol. 133, pp. 59-72, 2018.
DOI: 10.1016/j.comnet.2018.01.035.

[16] J. Martins, J. S. Cardoso, and F. Soares, “Offline computer-aided
diagnosis for Glaucoma detection using fundus images targeted at
mobile devices,” Computer Methods and Programs in Biomedicine,
vol. 192, pp. 1-8, 2020. DOI: 10.1016/j.cmpb.2020.105341.

[17] S. Knez and L. Šajn, “Food object recognition using a mobile device:
Evaluation of currently implemented systems,” Trends in Food

Science & Technology, vol. 99, pp. 460-471, 2020. DOI: 10.1016/
j.tifs.2020.03.017.

[18] S. Velusamy and P. Moogi, “A progressive method of face clustering
for mobile phone applications,” 2016 Signal Processing: Algorithms,

Architectures, Arrangements, and Applications(SPA), Poznan, Poland,
pp. 202-206, 2016. DOI: 10.1109/SPA.2016.7763613.

Jung-Hee Seo
received the B.S. degree in Computer Science from Silla University in 1994, M.S. degree in Computer Science and

Statistics from Kyungsung University in 1997, and Ph.D. degree in Electronic Commerce System from Pukyong National

University in 2006. She has been an assistant professor with the Department of Computer Engineering, Tongmyong

University since 2000. Her research interests includes remote education, multimedia, image processing, information

protection, and mobile application.
41 http://jicce.org


