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 Nowadays, smartphones are becoming more powerful devices which are capable of 

supporting various kinds of applications. Hence, it demands more computational power. 

Since they perform massive loads of tasks which require more battery power which 

cannot be executed in the smartphone itself due to the limited processing and energy 

capabilities. Various studies have shown that an indispensable feature of a smartphone 
is longer battery lifetime. As the cloud offers unlimited resources for computation, the 

limited power of smartphones can be utilized in an efficient way by performing the 

computation in the cloud and using the mobile as a dumb terminal. As the image editing 
is memory-intensive, it requires more memory and battery power. Since the cloud  

execution is much faster than that on mobile devices, the images can be processed in 

the cloud and the processed image gets displayed on the smartphone to prolong the 
battery life and speed up the application. 
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INTRODUCTION 

 

 The emergence of cloud computing has been dramatically changing the landscape of services for mobile 

applications. Cloud computing and mobile devices are the two powerful technologies for the last few years. It is 

the adoption of these two that is causing a change in not only our business methods but also in our day-to-day 

activities. Smartphones have become an important part of human lives. One of the biggest obstacles to future 

growth of smartphones is battery technology.  The energy consumption of smartphone is more than the battery’s 

ability to provide due to the improvement in its features. The technology trends for batteries denote that these 

inhibitions will perpetuate to subsist and that energy will remain the primary bottleneck for handheld mobile 

devices. Various applications run on mobile devices ranging from small requirements up to applications 

requiring more processing power due to the latest trends in the field of computing technology. Some 

applications which require less computing power can easily be executed on smartphones. However, some 

applications like image editing, video streaming, face recognition, augmented reality and game applications 

require a large amount of processing and battery power. These demands are not satisfied by the mobile devices 

with constrained resources. The cloud computing is a natural solution to improve the capabilities of mobile 

devices at a low cost, which is readily accessible to the mobile devices with built-in wireless interfaces. With the 

widespread perforation of wireless networks offering a promising and viable solution that narrows the gap 

between the ever incrementing needs of modern applications and the inhibited resources on even the latest 

mobile devices has attracted attention from both academia and industry.  

 Mobile Cloud Computing (MCC) is the combination of mobile computing and cloud computing to create a 

new infrastructure where cloud performs most of the computing-intensive tasks and storing massive amounts of 

data. In this infrastructure, data storage and processing happen outside of the mobile device, seamlessly 

integrating with other services and providing varied new applications. Elastic mobile applications move the 

computing power and data storage into the cloud and away from the mobile phones. As a result bringing 

applications and mobile computing not to just smartphone users but to a much broader range of mobile 

subscribers. To surpass the battery power constraint on mobile devices, resource-intensive tasks are offloaded to 

the cloud. Since the cloud execution is much faster than that on mobile devices, the code and data can be 

offloaded to the cloud and back to prolong the battery life and speed up the application. Computation Offloading 
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is the method of migrating entire or part of the application’s functionality from the mobile to the high processing 

power cloud so that application execution is optimized. 

 

1. Related Work: 

 V.S.Jagtap et al. (2014) improved the performance of the smartphone in terms of processing power, battery, 

and memory by augmented execution. It alleviates the problem of resource scarcity of smartphone. But the 

optimization for communication cost is not considered. Some partitioning mechanisms to partition the 

application are discussed. 

 PU Lingjun et al. (2014) implemented a mobile local computing system based on indoor virtual cloud. A 

parser is created to generate the method call and cost tree from the application and analyze it to identify resource 

intensive methods. A self-learning execution controller is designed to make offloading decision at runtime. A 

social scheduling based application-isolation virtual cloud model is constructed. The evaluation results 

demonstrate that system is effective and efficient. It does not support a large scale offloading service and 

infrastructure cost is high. 

 Lazaros Gkatz et al. (2013) implemented efficient dynamic task scheduling mechanism to minimize the 

task execution and data transfer time for the mobile user when task is offloaded to the cloud for execution. 

Active cloud servers are required in a large number to accommodate heavy tasks. 

 Welwen Zhang et al. (2013) proposed a unified elastic computing platform that supports the application 

offloading for mobile devices for reducing energy consumption on smartphones. It enhanced the scalability of 

smartphones and providing a new wave of innovative mobile applications. Energy consumption of the cloud 

side is not considered. 

 K.Kumar et al. (2010) shifted computation from desktop to the cloud. In cloud, the execution is faster and it 

makes it beneficial to offload the task from the desktop to the cloud for computation. Energy overhead for 

security and data communication, before offloading is not considered. 

 

2. System Design: 

2.1 Mobile Devices: 

 Mobile devices and applications are developing rapidly. A mobile device is a small handheld computing 

device having display with touch input and a mini keyboard. It is a movable device that can make and receive 

telephone calls over a radio link while moving around a wide geographic area. Nowadays, mobile users depend 

heavily on automated solutions like electronic payments, ticket reservation, online movie booking, selling of 

household items and other systems which greatly facilitates everyday tasks. Many mobile applications have 

been developed to use these automated solutions in mobile devices. They are fast becoming an essential part of 

our modern life but they have limited battery power. It is a technology used for cellular communication 

(Wikipedia article on Mobile Technology). 

 

2.2 System Architecture: 

 The architecture of the system proposed in this work consists of two major components namely Layershift 

Jelastic cloud for processing and android mobile acts as a dumb terminal as shown in Figure 1.The mobile 

includes the  upload and download modules. The upload module is employed to upload images from either 

mobile gallery or thumbnail of the image stored in the cloud. The selected image is uploaded to the cloud server 

for processing. Once the image gets edited in the cloud, it can be displayed in the mobile using the download 

module which downloads the image in base64 format, which needs to be converted to any image supported 

formats such as jpg, png, gif etc. The layershift cloud consists of the processing module and also stores some 

images whose thumbnails are stored in the mobile. The processing module applies some image effects such to 

the uploaded image.   

 Image Editing Application is developed where the design of the application is on the mobile side and 

processing part of the application is deployed in the cloud. Mobile acts as a dumb terminal to upload the image 

to the cloud and displays the edited image. The upload module uploads images from the mobile to the cloud. 

Various sources can be used for the image such as SD card or the phone gallery; even the camera images or the 

thumbnail of the image stored on the cloud server can also be selected. After the image is selected, a click on the 

upload button uploads the image to the cloud server. The different required effects are applied to the uploaded 

image by the processing module. Some of the image effects like blurring, sharpening, edge enhance, vintage, 

emboss etc are applied. After some image effects are applied, the edited image will be displayed in the mobile. 

The thumbnail of the image is selected from the mobile and then uploaded to the cloud. Once it is uploaded to 

the cloud, the original image stored in the cloud for the thumbnail will be loaded for processing. After the image 

from the cloud gets loaded, different image effects are applied to the image. Once the edited image is ready in 

the cloud, it can be downloaded and displayed in the mobile. 
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Fig. 1: System Architecture. 

 

2.3 Upload Module: 

 The upload module uploads images from the mobile to the cloud as shown in Figure 2 and by using the 

Pseudo code. The image to be uploaded to the cloud can be taken either from SD card, gallery, image taken by 

camera or the thumbnail of the image stored on the cloud server by clicking on the browse button. After the 

image is selected, click on the upload button to upload the image to the cloud server. Once the image is 

uploaded, different image effects are applied to the image. 

 

 
 

Fig. 2: Upload of Images from Mobile to Cloud. 

 

Pseudo code: Uploading images from mobile to cloud: 

program upload: 

FILECHOOSER_RESULTCODE   = 2888; 

Click on the browse button; 

Open URL in Windowed View and display progress for the particular page; 

Display file chooser for Web form file option; 

    if (image is required from gallery) 

           then image selected from the gallery; 

    else if (image is require from camera) 

            then new folder will be created and captured photos  will be added to it; 

     else if (thumbnail image is required) 

           then thumbnail image is selected; 

     else no image is chosen; 

     endif  

The name of the selected image appears in the web view;   

 Click on the upload button; 

      if (request code  == FILECHOOSER_RESULTCODE) 

           then image uploaded to cloud 

      else upload image again 

      endif            
end. 

  

2.4 Processing Module: 

 Image Editing Application is developed where the design of the application is on the mobile side and 

processing part of the application is deployed in the cloud. Mobile acts as an input/output terminal to upload the 

image to cloud and download the processed image and display the results. The image can be selected from the 

gallery of the mobile or the thumbnail of the image stored in the cloud. After selecting the image, the image will 

be uploaded to the cloud and some image editing operations will be applied to the uploaded image as shown in 

Figure 3. 
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Fig. 3: Operations of Image Editing Application. 

 

2.5 Convolution Operation for Image Effects: 

 A convolution operation (Wikipedia article on kernel image processing), combines the colors of a source 

pixel and its neighbors to determine the color of a destination pixel. The combination is specified using a kernel 

that determines the proportion of each source pixel color used to calculate the destination pixel color. We have 

applied convolution on each pixel such that for each such application in the source image, we have moved the 

template to the next image. This process is repeated. While the source image is used as the input to the 

convolution algorithm, the output is obtained as a destination image by saving the output values. Once the 

convolution operation is complete, the destination image is returned.  

The steps for the convolution process are given below. 

Step 1: Obtain the pixels of the uploaded image and store the pixel values as a matrix named as inputmatrix. 

Step 2: Load the kernel values for the particular effect to be applied for the uploaded image. 

Step 3: Take each pixel_value of each row of the inputmatrix and set output matrix to zero 

Step 4: Take each kernel_value of each row in the kernel 

Step 5: Check if position of pixel_value is equal to position of kernel_value then outputmatrix is equal to 

multiplication of pixel_value and kernel_value 

Step 6: Otherwise goto Step 3. 

Step 7: Repeat steps from step 3 to step 6 until all pixel values of the input image is read. 

Step 8: Return the outputmatrix of the resultant image. 

 

2.6 Download Module: 

 The output from the cloud will be sent to the output unit by the offload manager. Output unit will do any 

further processing of the output if needed and finally displays the results in the mobile. Once the necessary 

processing for the required effects is completed on the selected image, it can be downloaded and displayed in 

the mobile as shown in figure 4. A click on the download button downloads the processed image. The image 

gets downloaded in the base64 format. It needs to be converted to any supported image format such as png, jpeg 

etc. before being viewed in the mobile. 

 

 
 

Fig. 4: Downloading of image from cloud to mobile. 

2.7 Cloud Deployment: 

 Layershift Jelastic offers a cloud-based solution that accommodates requirements and have the ability to 

scale on demand. Jelastic (acronym for Java Elastic) is a Platform-as-Infrastructure (PAI) cloud computing 

service combining PaaS and Infrastructure-as-a-Service within a single platform that provides networks and 

servers to software development clients, enterprise businesses and web hosting providers. Layershift Jelastic is a 

cloud-based platform which provides smart scaling. Layershift Jelastic automatically increases or decreases the 

number of resources (memory and processing power) according to the number of requests. The processing part 

of the image editing application needs to be deployed in the cloud to process the images uploaded from the 

mobile. 

 The steps (Layershift Jelastic) to deploy the applications using Layershift Jelastic Deployment Manager are 

as follows: 

Step 1: The Local file or URL tab has to be chosen depending on the source of the file. Click Upload. The 

Jelastic Deployment Manager supports .tar, .war, .ear and .zip formats for local files, and HTTP:// for deploying 

via Uniform Resource Locator (URL). The maximum available size of a local file is 150Mb while the size of the 

file uploaded via a URL has no restrictions. 

Step 2: Select the package in the list and click Deploy to drop-menu. 

Step 3: The environment has to be chosen to deploy the application. In the opened window, specify the 

application’s target context (if several projects are to be deployed into one server) or it should be left blank (root 

context will be obtained). Click Deploy as shown in Figure 5. 
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Fig. 5: Deployed Application in Cloud. 

 

Step 4: The application will be deployed to the chosen environment in just a minute. After that, you will be 

provided with the URL to run your application and you can click Open in browser and ensure that everything 

works. 

 

3. Performance Analysis: 

3.1 Evaluation: 

 The performance evaluation is doing by using the Battery Graph, the android application which is used to 

measure the current battery percentage on android device, parses the battery usage and display a graph of 

predicted consumption. 

1) When the application runs fully in the mobile without offloading computation to the cloud. The application 

to run fully in the mobile is developed and tested for comparison. 

2) When the full application runs in the cloud and using the mobile just for the purpose of getting input and 

displaying the results. 

 
 

Fig. 6: Graph shown by running the Developed Application fully in the Mobile. 

 

 
 

Fig. 7: Graph shown by running the Application in Cloud. 

 

 Graph in Figure 6 shows the level of battery consumed over time when application runs fully in mobile. 

Graph in Figure 7 shows the level of battery consumed over time when processing part of the application runs in 

the cloud. We can infer from these graphs that by doing processing in the cloud and using the cloud resources, 

the limited battery power can be consumed efficiently. 

 As a part of performance evaluation, the values in Table 1 are gathered and graph is constructed based on 

the table values as shown in Figure 8. Table 1 shows the battery power consumed (Joules) when different image 

sizes (MB) are processed with some effects both for local execution and offloaded execution. 
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Table 1: Battery Power for Local and Offloaded Execution. 

Image Size  (M) Battery Power (J) for Local Execution 
Battery Power (J) for Offloading 

Execution 

3 5.1 3.2 

8 15.2 13 

13 26.2 22.7 

20 34.8 28.3 

28 58.6 50.3 

 

 
 

Fig. 8: Comparison between Local and Offloaded Execution. 

 

Conclusion: 

 The limited power of smartphones is utilized in an efficient way by performing the computation in the 

cloud and using the mobile as a dumb terminal just for the purpose of giving input and displaying the output 

results. As the image editing is memory-intensive, it requires more memory and battery power. The processing 

of the images is performed in the cloud and processed image gets displayed in the smartphone without the 

utilizing the mobile resources. It is clear from the evaluation results that by offloading the computation to the 

cloud, limited battery power of the resource-poor mobile phones can be utilized in an efficiently. 

 In the future work, instead of offloading the full application to the cloud, we can selectively offload the 

parts of the application based on the battery power by predicting the parameters like execution time and 

bandwidth to offload to the cloud and check for battery power optimization. 
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