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Abstract- The wide spread of smart phones and their capabilities 
made them an important part of many people’s life over the 
world. However, there are many challenges facing these devices 
such as: low computing power and fast energy drain from their 
batteries. One solution is to use mobile cloud computing services 
to run certain tasks at the cloud and returning back the results to 
the mobile device saving space and processing power. In this 
research, we introduce efficient Mobile Cloud Computing model 
based on the Cloudlet sheme. In our model, the mobile device 
don’t need to communicate with the enterprise cloud server and 
instead contact the Cloudlet directly using cheaper technologies 
such as Wi-Fi, and no need for 3G/4G. Also, we propose a 
master-cloudlet management scheme to organize the 
communication between the cloudlets themselves. Our efficient 
mobile cloud computing model can be applied in many 
environments  including  universities and hospitals were big 
amounts of data is collected, stored  and processed. The real 
implementation results show that our model out performs 
classical non-cloudlet mobile cloud computing models.  
 
Keywords— Mobile Cloud Computing, CloudLet Scheme, Big Data 
Applications.   

I. INTRODUCTION 
 
     Nowadays, technology has rapidly risen from sticking to a 
single working area to variable locations depending on many 
factors including comfort and high speed stable internet 
connection. Those factors emerge the use of mobile computing 
for an easier life. Therefore, mobile computing continues to be 
a main service in data communication and networking 
technologies [1].  
     Mobile Computing is a technology which allows sending 
and receiving data to any other wireless enabled device without 
having to be connected to a fixed physical link. As shown in 
Figure (1), mobile computing include using small size portable 
computer to run standalone applications through wireless 
networks or 3G, 4G technology [2]. 

 
          Figure 1.   Mobile Computing. 

     Another recent raising technology trend is the cloud 
computing that integrates different technologies to build a new 
type of the organizations IT infrastructure. In cloud the 
technology is used when you need it and for as long as you 
need it without installing it on your machine. All resources you 
need (hardware and software) are provided for you as a service 
by another vendor and accessed over the Internet in an efficient 
and easy way [3] as can be seen from Figure 2. 

 
        Figure 2.  Cloud Computing. 

     The cloud computing environment contains set of scalable 
resources that include hardware infrastructure, storage, 
computation platforms, software and applications, which can 
be provisioned as a service to the user reducing the cost and 
application hosting and storage [4].  Examples of cloud 
computing infrastructures and platforms are Microsoft Azure, 
Amazon EC2, and Aneka [5]. Also, the cloud services might be 
deployed as public, private, hybrid or community cloud [6], 
allowing access to the stored information from anywhere at any 
time. So, in conclusion, cloud computing can be used in 
environments that require cost and time efficiency, backup and 
recovery, and enhancing productivity [7]. 
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      In addition to cloud computing, Mobile Cloud Computing 
(MCC) is a recent technology that is growing rapidly. But in 
reality there are many challenges facing the real 
implementation of MCC environment including the short life 
of the battery in mobile devices. Also, those devices don’t have 
enough memory and processing capability to perform 
applications with intensive calculations such as image 
processing and social networking [8].  This drives the need to 
provide an integrated framework for enabling energy-efficient 
reliable mobile cloud services. The MCC model allows data 
storage and processing to be offloaded to the cloud platform 
resulting in better reliability and availability and optimized 
energy [9].  
     In this paper, we introduce efficient and secure Mobile 
Cloud Computing (MCC) model that is based on the Cloudlet 
scheme. In the new model, the mobile devices don’t need to 
contact the cloud server and instead contact the Cloudlet. This 
will allow users to connect directly to cloud resources using 
cheaper technologies such as Wi-Fi.  
     The rest of this paper is organized as follows: related work 
is presented in the next section. Section III presents the 
proposed mobile cloud computing model based on the cloudlet 
scheme. The experimental implementation results are shown in 
Section IV, and Section V concludes this work. 

II. RELATED WORK 
 
     The authors in [10] and [11] proposed secure and efficient 
mobile cloud computing framework. The work in [12] 
presented a resource efficient mobile computing model using 
Cloudlet infrastructures. In this work it is discussed how using 
low cost communication techniques can reduce the resources 
consumption of mobile devices.  
     An important challenge in mobile cloud computing is the 
energy consumption and in most of the mobile devices the 
energy drains very fast resulting from the battery. The authors 
in [13] presented many efficient techniques to reduce the 
power consumed by smart devices in mobile cloud 
environments. In the same context, the authors in [14] 
presented user profiling scheme for energy optimization in 
mobile cloud computing based on the usage trends. Moreover, 
the huge applications that are installed on the mobile devices to 
perform useful applications consume huge amount of the 
phones energy. So, efficient techniques for energy optimization 
especially in mobile cloud systems is an essential need to 
obtain Green Mobile Cloud Computing as discussed  in [15]. 
     In [16], the authors presented a new architecture called 
MOCHA for face recognition applications. The purpose of this 
architecture is to reduce the response time during face 
recognition process. MOCHA integrates mobile devices, 
cloudlets, and cloud servers. Admission control and resource 
allocation problems of running mobile applications on the 
cloudlet were discussed in [17]. To solve these problems, the 
authors formulate them as a semi-Markov decision process 
(SMDP). Also, the authors proposed model that provides a 
Quality of Service (QoS) parameters for different classes of 
mobile users. 
     The authors of [18] gave a survey of MCCs which includes: 
definition, advantages, architecture, and applications (mobile 

commerce, mobile learning, mobile health care, and mobile 
gaming). They also describe the MCC issues (low bandwidth, 
availability, heterogeneity, computing offloading, and 
enhancing the efficiency of data access), and list the existing 
solutions.   
     The authors in [19] proposed mobile cloud computing 
framework based on Software Defined Systems to achieve 
efficiency in cloud computing. The proposed framework 
consists of two sub software components: software defined 
storage and software defined security. In [20], the authors 
proposed another technique to save energy in mobile cloud 
computing through the mathematical modeling for energy 
optimization in large scale cloudlet-based mobile cloud 
systems.      

III. PROPOSED MOBILE CLOUD COMPUTING 
ARCHITECTURE BASED ON THE CLOUDLET SCHEME 

 
     Figure 3 shows the classical architecture of mobile cloud 
computing model. As can be seen from the figure, the mobile 
devices (can be laptops, smartphones, or any other mobile 
device) are connected to the mobile networks through base 
stations, access point, or satellite by 3G/4G, LTE, WIFI, or 
GPRS.  When a mobile user requests information, the requests 
are transmitted to the central processors of service providers. 
The mobile network operators provide mobile user’s 
authentication and authorization and deliver all the requests to 
a cloud through Internet. Then, the cloud controllers process 
the requests to provide the corresponding services. 
 

 
 

                 Figure 3.  Cloud Computing Architecture 
 

     The Cloudlet scheme is proposed to overcome and improve 
some limitations in the classical mobile cloud computing 
models. The cloudlet shown in Figure 4 is a trusted, resource-
rich computer or cluster of computers which are connected to 
the Internet and available for use by nearby mobile devices. 
Thus, mobile users may meet the demand for real-time 
interactive response by low-latency and high-bandwidth 
wireless access to the cloudlet [13]. If no cloudlet is available 
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nearby, the mobile device may send requests to the enterprise 
cloud. 
 

 
                 Figure 4. CloudLet Scheme. 

 
     The new proposed Cloudlet-based MCC model is shown in 
Figure 5. It consists from group of distributed and connected 
cloudlets (through Wi-Fi) at the same level, and all of these 
CloudLets are connected (through Wi-Fi) to the master 
CloudLet. The Master Cloudlet is responsible for management 
and in turn is connected to the Enterprise Cloud (EC). In the 
proposed MCC model, the mobile device makes connection to 
obtain the cloud services in one of three possible scenarios. 

 
                   Figure 5. The connection scenarios in the proposed Mobile Cloud 

Computing based on the Cloudlet scheme. 
 
The first possibility (1) is when the mobile device is connected 
directly to the enterprise cloud (EC) without using any 
cloudlets or master-cloudlet. This case happens when the 
mobile device is not covered by the Wi-Fi range. The 
connection to the EC is done by using 3G/LTE technology to 
complete the requested job by the mobile device. The second 
possibility (2) happens when the mobile device is in the 
covered area by the MCC Cloudlets model, but only it is in the 
range of the master-cloudlet. In this case, the mobile device is 
connected to the EC through the master-cloudlet to complete 
the requested tasks. The last scenario (3) happens when the 
mobile device is covered by the MCC CloudLet area which 
allows the mobile device to connect to the EC through the 
closest Cloudlet to complete the request tasks.   
    The mobile device connects to EC either through CloudLet, 
master-CloudLet or LTE\3G to complete the requested jobs 
and get the requested service from EC. To manage these 
connections, the centralized or the distributed management 
approaches can be used. In the centralized approach, the 

master-cloudlet or EC is responsible for managing mobile 
device connection in the system. 
 On the other hand, when using the distributed approach, 
managing the connection is the CloudLet responsibility. The 
cloudlet stores the files and cloudlet information and 
parameters of the service currently running and the hosting CL 
to provide this information to new CL once needed.  The two 
main parameters needed are the IDs of the recently used 
cloudlets and the IDs of mobile devises which is connected to 
cloudlet. 
       

IV. EXPERIMENTAL RESULTS 
 
Our proposed model is simulated using the Mobile Cloud 
Simulator (MCCSIM) tool. This tool offers a extensible 
simulation framework that allows seamless modeling of the 
proposed mobile cloud models. Also, the MCC simulator can 
be used to evaluate design parameters including power 
consumption and delay in a dynamic environments through 
graphical user interface.  
      In addition to the use of simulator, we did real 
implementation of the proposed MCC cloudlet-based model. 
We used the following components: Cloudlet: Toshiba 
Satellite L50-B1158 laptop (Windows 8, Core i7, 6GB 
memory). Access point: Huawei LTE CPE E5172.  
Mobile device: Sony Xperia z2  
      To observe the change in power consumption during 
uploading files, and the delay time taken to complete this task, 
we uploaded five files with different sizes (1024, 2048, 9216, 
18432, 194561) KB to the Enterprise Cloud (EC) and to 
CloudLet environment. The results are shown in Table (1). 
As can be observed from the Table, using the Cloudlet-based 
MCC model with (Wi-Fi) connection has better performance 
results than using the EC through (3G) connection. There is 
less power consumption and less delay when using (Wi-Fi ) 
connection to upload files in the cloudlet-based model 
compared to the use of 3G. 
      In our Master-CloudLet model implementation, we used: 
Master-Cloudlet: Toshiba Satellite L50-B1158 laptop 
(Windows 8, Core i7, 6GB memory). Cloudlet: Two Toshiba 
laptops: (Windows 7, Core i5, 4GB memory) and (Windows 
10, Core i3, 4GB memory). Access point: Huawei LTE CPE 
E5172. Mobile device: Sony Xperia z2.  
   Then, the components are connected together on the same 
network to get IP address for each component.  After that, the 
CloudLets are connected to the Master CloudLet and wait for 
mobiles to get connected to it. Then, we run the Andriod 
application that we developed to do the connection between 
the cloudlets and mobile device. CloudLet IP is entered to 
make a connection, and the last step is to specify the folder 
location on CloudLet or Master Cloudlet to access it, modify 
it, or even create a new file. 
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TABLE I.   THE OBTAINED RESULTS FOR CLOUDLET BASED MCC MODEL 
AND NON-CLOUDLET EC MODEL 

 

V. BIG DATA AND MOBILE CLOUD APPLICATIONS 
    
  The Big Data is defined based on three characteristics [21], 
these are: Variety, Volume, and Velocity. Variety, means the 
types of data depending on the different producing sources 
such as sensors, web, and mobile phones. Volume is related to 
the size of data, for example TB (terabytes) or PB (petabytes) 
or ZB (zettabytes). The third characteristic is the Velocity 
which means how frequently data is generated in time unit that 
could be micro seconds up to a year.  
   Big Data is important in many perspectives, for example the 
generated data help the administrators to take decisions on 
time. There are two categories of challenges in Big Data 
management: semantic and engineering. Semantic challenges 
are related to extracting the meaning of the information from 
massive volumes of unstructured data, while engineering 
challenges are related to perform data management activities 
such as query and storage efficiency. BigQuery is Cloud 
powered service which offers extremely high full-scan query 
performance and cost effectiveness [22]. It enables the user to 
execute SQL like queries against terabytes (TB) of data in few 
seconds. Enterprises and developers have advantage of this 
release because they utilize the power for Big Data processing 
and keep focusing on their core business.  
     There are many big data applications were cloud 
computing and mobile cloud computing can be used to 
provide efficient solutions. For example, the health care 
applications with huge patients records can be built as cloud-
based to store, process, and retrieve the big data. Figure 6 
shows the scenario where the proposed mobile cloud 
computing model based on the cloudlet scheme can be used in 
healthcare systems.  
     The doctor or the care giver can connect to the cloudlet 
through the mobile device to retrieve stored patients records 
(which could be for example a real-time data obtained directly 

from the emergency room in the hospital). Then he/she can 
take the suitable decision without the need to be physically 
available in the hospital. 
 

 
Figure 6. Cloudlet-Mobile Cloud Computing for big data health application. 

 

VI. CONCLUSION 
Mobile cloud computing model based on the master-cloudLet 
scheme is proposed and implemented in this research. The 
model overcomes many of mobile devices challenges such as 
limited storage, processing power and short battery life time. 
Moreover, in our model, the mobile devices don’t need to 
communicate with the enterprise cloud server and instead 
contact the Cloudlet. This will allow users to connect directly 
to cloud resources using cheaper technologies such as Wi-Fi 
rather than 3G/4G to obtain the cloud services. Using the WiFi 
results in less network latency, higher throughput, and less 
energy consumption. The proposed mobile cloud computing 
model can be used in different environments were big amounts 
of data needs to be collected, stored, and processed. Also, we 
discussed a possible real life application of the MCCC 
cloudlet-based model in health care systems in hospitals. 
Finally, the real implementation of our model and simulation 
results obtained by MCCSIM show that our model out 
performs classical non-cloudlet mobile cloud computing 
models.   
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