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Abstract: Digital image compression technology is of special interest for the fast transmission and real-time processing
of digital image. However image compression is a trend of research grown for a long time and there are multiple
sophisticated approaches which significantly improve the compression rate and down grade computation time, a basic
comparison with the aspect of storage on cloud environment is required. This work analyzes about the background of
image compression, including when image compression is needed, categories of techniques and their properties.
However compression uses many algorithms that store an exact representation or an approximation of the original
image in a smaller number of bytes that can be expanded back to its uncompressed form with a corresponding
decompression algorithm. This work majorly focuses on a novel framework for analyzing the impact of generic image
compression techniques based on compression ratio and time for high data loads on cloud storage services and find the
optimal set of algorithms most suitable for cloud storage.
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1. INTRODUCTION

The digital image is most popular way of representing the information over internet because of its effectiveness of
presenting information and the continuous efforts to improve the compression algorithms [1] for low cost storage over
cloud infrastructure. The requirement for high resolution information for large amount of data storage cannot be
ignored. The digital image contains significant amount of duplicate, redundant and complex information in high
density, hence the compression of the image data cannot be neglected [2]. A set of great work has been conducted in
the area of image compression; however a comparative study needs to be conducted to evaluate the performance of
most popular image compression algorithms over different cloud storage platforms. The different two categories for
image compression is majorly divided based on the information can be recovered with or without loose. Each category
is consisting of multiple algorithms. However the detailed comparison is performed in the previous work and this work
is focused focuses on a novel framework for analyzing the impact of generic image compression techniques based on
compression ratio and time for high data loads on cloud storage services and find the optimal set of algorithms most
suitable for cloud storage.

2. IMAGE COMPRESSION ALGORITHMS

We consider few most popular lossy compression techniques such as DWT, K-Mean and 3D Spiral JPEG.

2.1 GDI/ BMP:

The bitmapped graphics or the BMP format is used by the Microsoft Windows graphics subsystem or GDI as a simple
graphic information representation format internally. As the popularity of the platform increases, thus increases the use
of this file format. The BMP format does not include any compression technique, thus it remains lossless [2].

2.2 DEFLATE / PNG:

The Portable Network Graphics or the PNG is a bitmap format, which uses a lossless data compress. The compression
algorithm is called DEFLATE compression algorithm, which is a combination of LZ77 algorithm and Huffman Coding
algorithm [2].

2.3LZW/ TIFF:

The Tagged Image File format or TIFF is majorly intended to store image with dense information like photograph and
line art. The major reason for popularity is to be used for high color depth in image manipulation tools or image
processing tools for optical character recognition. The compression technique used for TIFF is LZW for majority of the
cases [1][2].
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2.4 DWT:

Discrete Wavelet Transform (DWT) has gained wide spread acceptance in signal processing and image compression
because it provides an extremely flexible multi-resolution image and can decompose an original image into different
sub band images including low- and high- frequencies. The high frequency components provides with the information
about the fine edges of the image which is very constructive for recovering the original image at the receiver end. The
original image is converted to YCbCr color space so that the Discrete Wavelet transform can be applied to the
luminance (YY) component. Then the image containing the low pass sub-band, diagonal sub-band information and Ch&
Cr component information is processed further [3].

2.5 K-Means

K-means algorithm is a form of vector quantization which makes the use of K-means clustering in which a set of
vectors are taken as input. It is a grouping method of bunching analysis which aims at partitioning ‘n’ groups into ‘k’
clusters in which each group of pixels belongs to the cluster with the nearest mean. A similar method is that of LBG
Technigue which also comes under Vector Quantization. Also the algorithm of LBG technique is quite similar to the
below explained K-means algorithm [4].

2.6 3D Spiral JPEG 2000 Encoding

In 3D Spiral JPEG 2000 encoding, 2-D image is initially divided into a set of 8*8 pixel blocks. Then an 8*8*8
dimensional 3-D cube is formed simply using spiral scanning procedure on each 8*8 pixel block starting from the
center of the graphic and going outwards [5].

3. COMPARISONS OF COMPRESSION RATION AND TIME SCALE

During the image compression operations is important to identify the data set, which can be allowed to be redundant
and which should be eliminated. Here is the compression ratio comparison [Table — 1]:

Table 1. Compression Ratio Comparison

Algorithm Type Compression Ratio
GDI / BMP 0.000
DEFLATE / PNG 0.996
LZW / TIFF 0.600
DWT 0.050
K-Means 0.600
JPEG 0.300
JPEG 2000 0.200

The results are been analyzed graphically as well [Figure — 1]:
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Fig.1: Compression Ratio Analysis
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Based on multiple parameters, considering the effectiveness of the compression the time consumption is calculated
below [Table — 2] [Table — 3]:

Table 2. Comparison of Compression Time with Load up to 10000KB (Maximum Comparable Load)

. RAW Data | Compression Avg. Compression
Algorithm Type Size Time Time for 100KB
GDI / BMP 10000 KB 0.000 0.000

DEFLATE / PNG 10000 KB 120 Sec 0.12 Sec
LZW / TIFF 10000 KB 145Sec 0.15 Sec
DWT 10000 KB 260 Sec 0.26 Sec
K-Means 10000 KB 424 Sec 0.43 Sec
JPEG 10000 KB 628 Sec 0.63 Sec
JPEG 2000 10000 KB 628 Sec 0.63 Sec

The results are been analyzed graphically as well [Figure — 2]:
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Fig.2: Compression Time Analysis

Table 3. Comparison of De-Compression Time with Load up to 10000KB (Maximum Comparable Load)

. RAW Decompression Avg. Decompression Time
Algorithm Type Data Size Time for 100KB
GDI /BMP 10000 KB 0.000 0.000

DEFLATE /PNG | 10000 KB 72 Sec 0.072 Sec
LZW / TIFF 10000 KB 88 Sec 0.089 Sec
DWT 10000 KB 106 Sec 0.11 Sec
K-Means 10000 KB 300 Sec 0.30 Sec
JPEG 10000 KB 312 Sec 0.31 Sec
JPEG 2000 10000 KB 312 Sec 0.31 Sec
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The results are been analyzed graphically as well [Figure — 3]:
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Fig.3: Decompression Time Analysis
4. CLOUD STORAGE ENVIRONMENTS AND PERFORMANCE COMPARISON FOR IMAGE DATA

We understand the maximized world of options for cloud storage [5] and selected few most popular for testing the data
storage and retrieval for multiple image files load. The most popular cloud based storage solutions are DropBox / AWS
S3 based on Amazon Cloud Service, OneDrive (Formerly known as SkyDrive) based on Microsoft Azure and Google
Drive based on Google App Engine cloud service [6][8].

Table 4.Test -1 Comparison of Upload / Download Speed in Seconds for Cloud Storage [7][9][10] [11][12][13] [14]

Image Type and Size Test1 - -
DropBox / AWS S3 | Google Drive One Drive
10 MB BMP File 15 13 29
10 MB PNG File 15 13 29
10 MB TIFF File 15 13 29
10 MB DWT 15 13 29
Compression File
10 MB K-Means 15 13 29
Compression File
10 MB JPEG File 15 13 29
10 MB JPEG 2000 File 15 13 29

Table 5.Test - 2Comparison of Upload / Download Speed in Seconds for Cloud Storage [7][9][10] [11][12][13] [14]

Test 2
Image Type and Size DropBox/ | Google | One
AWS S3 Drive | Drive
10 MB BMP File 14 14 30
10 MB PNG File 14 14 30
10 MB TIFF File 14 14 30
10 MB DWT 14 14 30
Compression File
10 MB K-Means 14 14 30
Compression File
10 MB JPEG File 14 14 30
10 MB JPEG 2000 File 14 14 30
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Table 6.Test - 3 Comparison of Upload / Download Speed in Seconds for Cloud Storage [7][9][10] [11][12][13] [14]

Image Type and Size Test3 - -
DropBox / AWS S3 | Google Drive One Drive
10 MB BMP File 16 12 27
10 MB PNG File 16 12 27
10 MB TIFF File 16 12 27
10 MB DWT 16 12 27
Compression File
10 MB K-Means 16 12 27
Compression File
10 MB JPEG File 16 12 27
10 MB JPEG 2000 File 16 12 27

Table 7.Average of Comparison of Upload / Download Speed in Seconds for Cloud Storage [7][9][10] [11][12][13]

[14]
. Average
Image Type and Size DropBox / AWS S3 | Google Drive One Drive
10 MB BMP File 15 13 28.66
10 MB PNG File 15 13 28.66
10 MB TIFF File 15 13 28.66
10 MB DWT 15 13 28.66
Compression File
10 MB K-Means 15 13 28.66
Compression File
10 MB JPEG File 15 13 28.66
10 MB JPEG 2000 File 15 13 28.66

Hence the test results show the type of image information file does not imply any difference on the upload and

download speed on various storage solutions [Figure — 4].
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Fig.4: Average Time for Upload and Download for Cloud Storage Services

5. PROPOSED ALGORITHM FOR COMPRESSION TECHNIQUE SELECTION

The major purpose of this work is to generate an automatic Compression technique to select the best compression
technique depending on the average compression time and ratio. Here we propose architecture of the algorithm to

decide the most applicable compression technique [Figure - 5].
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Fig.5: Auto Selector Application
The algorithm for identifying the most suitable compression technique is as following:
5.1 Finding the Average Compression Times
In this part of the work, the generic formula calculates the average compression time.

Firstly the total compression time is been calculated:

Comp.Time =" Comp.Time(i)
E 1)

Then, the average compression time for all considered algorithm is been calculated:

Comp.Time

Comp.Time, =

Avg n
c{z Comp.Time(i)}
2

i=1
Hence, the result of this phase is the average compression time as furnished below [Table — 8]:

Table 8. Average Compression time for Listed Algorithms (Maximum Comparable Workload)

Algorithm Compression c Averagt?
Type Ratio Ompression
Ratio
BMP 0.000
PNG 0.996
TIFF 0.600
DWT 0.050 0.392286
K-Means 0.600
JPEG 0.300
JPEG 2000 0.200
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5.2 Finding the Average Compression Ratio
In this part of the work, the generic formula calculates the average compression ratio.
Firstly the total compression ratio is been calculated:

Comp.Ratio = > Comp.Ratio(i) @

i=1
Then, the average compression time for all considered algorithm is been calculated:

Comp.Ratio
Avg = n (3)
c{ZComp.Ratio(i)}

i=1

Comp.Ratio

Hence, the result of this phase is the average compression ratio as furnished below [Table — 9]:

Table 9. Average Compression Ratio for Listed Algorithms

Algorithm RAW Compression Avg. .

Type Data Size Time F:ompre55|on
Time for 100KB
BMP 10000 KB 0.000
PNG 10000 KB 120 Sec
TIFF 10000 KB 145Sec
DWT 10000 KB 260 Sec 3.171429 Sec
K-Means 10000 KB 424 Sec

JPEG 10000 KB 628 Sec

JPEG 2000 | 10000 KB 628 Sec

6. RESULTS AND CONCLUSION

The work has analyzed the most popular compression algorithms in the space of image compression for the algorithm
facts based on the compression ratio and time.

This work finally results into an algorithm for recommending the most suitable image compression technique and also
proved that the type of the compression technique will not have any impact on the upload and download speed,
however the size of the image data will have impact.

During the result analysis, the work proposes an optimality analysis based on the average compression time and
average compression ratio [Figure — 6]:
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Fig.6: Optimality Analysis
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Further this work analysis the storage effectiveness of the most optimized algorithms as PNG and TIFF into cloud
storage platforms [Table - 10].

Table 10.Average of Upload / Download Speed in Seconds for Cloud Storage

Average
Image Type and Size | DropBox/ | Google Drive One Drive
AWS S3
10 MB PNG File 15 13 28.66
10 MB TIFF File 15 13 28.66
100 MB PNG File 150 130 286.6
100 MB TIFF File 150 130 286.6
1000 MB PNG File 1500 1300 2866
1000 MB TIFF File 1500 1300 2866
2000 MB PNG File 3000 2600 5732
2000 MB TIFF File 3000 2600 5732

Henceforth, this work concludes the optimal compression ratios and independent nature of image formats into the same
cloud storage formats [Figure — 7].
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Fig.7: Storage Analysis
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