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Three-Tier Offloading Model for Energy-Efficient Mobile 

Computation 

  

  
Aziza Sharafeddine 

  

  

ABSTRACT 

  

Integrating the smart phone in our daily life where many info's and tools can be 

accessed, is a new horizon for achieving a better quality of life. Accessing and 

analyzing data at the right time with the right price is the core of human need. We are 

targeting a professional environment where some complex applications are being 

developed and used on mobile devices, such as Health Care or Educational 

Environments. Mobile devices, however, remain short in resources including energy, 

computation, and storage. Edge computing emerged as an effective solution to enable 

mobile devices processing complex computations through offloading to 

geographically close computing servers. While offloading provides access to powerful 

servers, frequent transmission of tasks over wireless links leads to draining the battery 

of mobile devices. In this work, we propose two contributions to help in the adaptation 

of mobile offloading. First, we elaborate a design methodology related to the 

development of applications in any professional environment targeting energy savings 

whereby we introduce a concept of adding annotations dynamically in the headers of 

webpages. Second, we provide a mobile offloading model that makes use of the 

multiple wireless interfaces of mobile devices to transfer computation tasks to edge 

servers only when energy savings are expected and delay requirements can be met. We 

consider two widely available wireless interfaces namely, Wi-Fi and ZigBee, and 

formulate our problem as integer linear programming to decide whether to offload on 

any of the existing interfaces or compute locally while minimizing the total energy 

consumption and meeting time limits. The work presents various results under 

different system parameters and demonstrate considerable gains in energy 

consumption.    
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Introduction 

 

A. Motivations and Problem Statement 

 

Integrating the smart phone in our daily life where many information and tools can be 

accessed, is a new horizon for achieving a better quality of life. Figure 1 illustrates 

multitude of mobile health applications that can run on our smart phones. Accessing 

and analyzing data at the right time with the right price is the core of human need. We 

are targeting a professional environment where some complex applications are being 

developed and used on mobile devices, such as health care or educational 

environments. Mobile devices, however, cannot run complex algorithms and they 

remain short in resources including energy, computation, and storage.  

As an example on some general initiatives that are developed to remedy the 

aforementioned shortcoming in mobile devices, Daytona [23], which is a Cloud-based 

data analytics service is developed. It acts as an interactive MapReduce runtime that is 

optimized for data analytics. Excel and some other client applications are used to 

provide the data entry and other interactive user interface and help bringing cloud 

services closer to the user. The user can then rely on Daytona to perform one of many 
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services including: 

 1. Extracting needed data from the Cloud,  

2. Running large-scale data analytics algorithms to process huge datasets and 

extract useful information  

3. Launching data visualization  

4. Storing data back to the Cloud using any client application such as 

spreadsheet or any other application that the user is familiar with 

This development can be seen as an interface between the client application and cloud-

based data analytics algorithms. The user can launch any of the available algorithms 

by simply selecting it from the Excel menu and running it. 

 

 

Mobile devices in the Health Environment, which will be used as illustrative case study 

for our problem statement and approach through this thesis, typically belong to two 

broad categories. The first one includes the small wearable and specialized devices 

similar in their form to the Apple watch and FITBIT devices and held by some Patients. 

Their role is to regularly make some measurements and transmit them back to a central 

Figure 1. Mobile health applications [22] 
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system responsible for taking actions based on preset values or thresholds. As an 

example, U.S. regulators have very recently approved a medical smartwatch produced 

by a company called Embrace as the first consumer technology related to a 

neurological condition. This medical wrist worn bracelet continuously monitors the 

conditions of the patient and generates an alert to the physician or the caregiver 

whenever dangerous seizures are detected. The medical bracelet includes sensors that 

continuously track health-related factors similar to those collected by FITBIT or Apple 

Watch in addition to a new important feature that is not supported by other wearables. 

It detects disturbance in the nervous system through surges in skin conductance, which 

is triggered whenever an epileptic attack occurs. Epileptic attacks resemble spikes in 

the electrical activity of the brain and it can be measured directly from the surface of 

the skin. Those electrical signals are recorded by the Embrace medical bracelet that 

uses a proprietary algorithm to detect convulsive seizures. When an attack occurs, the 

medical bracelet vibrates and a ring of LEDs spins and sends an alert to the patient’s 

smartphone over Bluetooth. The respective application running on the smartphone 

delivers a text message or a phone call to one or more caregivers as specified by the 

patient. Embrace is currently involved in detection of “partial” seizures and tracking 

stress levels that may lead to an attack. The company, however, chose to start with 

developing a technology for convulsive seizures since they are more serious and 

deadly. 
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Figure 2. Smartwatch embrace seizure detection [36] 

 

The second category embeds mobile appliances used by Doctors/Nurses and equipped 

with accessories enabling the capturing of data sets and sophisticated applications that 

require interaction with central databases and some intensive computations. Over the 

past years, many examples of mobile health applications are introduced for wide range 

of objectives starting from simple patient health monitoring to detection of critical 

medical conditions. Mobile health applications are nevertheless widely used in 

developing countries that lack proper healthcare infrastructure. The majority of people 

in those countries do not have access to healthcare providers but do possess mobile 

devices. Some example applications allow patients to address critical health needs such 

as HIV testing, clean water, and detecting cataracts to prevent blindness [25]. 

An example of such appliance would be the OligoScan [35], which performs a simple 

and a noninvasive test to reveal information about the patient. Such mineral 

deficiencies and toxic metal levels within the body could eventually lead to a serious 

medical condition.   
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As we can see, for instance, from the example of wearable devices, some algorithms 

need to be run in order to dictate the next course of action during some critical 

situations. Speed of processing and device battery life become the most important 

factors for obvious reasons. In the described scenario illustrated in Figure 3, the 

wearable device is also relying on a paired smartphone running an application to 

handle the interaction with the Caregivers. We can think of a scenario where cloud 

computing helps both devices (i.e., the wearable and its mated smartphone) in 

extending their batteries lives and delivering more rapid processing and actions. The 

wearable will just transmit the measurements to the smartphone and the whole 

application will be sitting on the smartphone itself, which in turn will interact in an 

optimal way with a cloud infrastructure. The application should be developed 

accordingly, where static annotations added by the programmer and later dynamically 

Figure 3. Physician Monitoring of Patient Data [14] 
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set using an API, will be a key factor in providing the application with the parameters 

concerning energy consumption based on the device’s battery status in order to achieve 

the stated goals. This is a very nice example of a general architecture involving the 

wearable (the device), the smartphone (the Edge) and the Cloud. In the current study, 

we will focus on the second broad category of devices given their larger mobility in 

the Health Environment.  

To address the aforementioned problem related to energy consumption in resource-

constrained devices, several approaches based on mobile computation offloading have 

been proposed. In [33], mobile cloud offloading model is proposed to augment 

resources of mobile phones to allow them run multiple personas on one mobile device. 

A generic and adaptable problem formulation is presented together with a heuristic 

approach that monitors components running on each persona to determine the optimal 

execution environment needed. The components are then profiled to make a decision 

whether to offload or not, based on predefined optimization metrics determining the 

cost-benefit of this offloading. The work objective is to minimize CPU, memory usage, 

energy consumption, and execution time.  In [34], authors proposed cooperative 

offloading to form a mobile and vehicular ad hoc cloud for the purpose of augmenting 

devices capacity to run computationally complex intrusion detection systems. The 

work proposed an offloading module based on Genetic algorithm to generate 

optimized offloading decisions and distributions to reduce CPU, power consumption, 

and response time.  

Unlike existing literature, we consider three-tiered energy-efficient offloading model 

using both edge and cloud servers and then propose utilizing dual communication stack 

edge servers to receive offloaded tasks over either WiFi or ZigBee interfaces. The aim 
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of this thesis is to design an optimal solution for saving mobile devices energy in a 

critical and resource-constrained computing environment where some complex 

applications are being developed and used (e.g., health care environment where smart 

devices are to be used in monitoring vital signs of patients, and more specifically 

elders, who may be living alone and in need of constant observation). In this context, 

we will elaborate  

- An approach for designing applications for saving energy of resource 

constrained- devices, 

- An energy-aware offloading model that considers the network redundancy and 

time limitation of computation tasks.  

 

B. Methodology and Contributions 

In this thesis, we consider a health environment with many sites where adequate 

computation resources have been installed at the edge of the network and one or more 

main sites hosting the central infrastructure and powerful computation servers to run 

applications that are required by the whole professional environment as a backup and 

complement to the deployed edge data centers, hence offering cloud services to its 

users. The deployed edge data centers will be referred to enterprise edge (EE). The 

central infrastructure and applications will be designated as Enterprise Cloud (EC). A 

sample hybrid edge-cloud architecture is elaborated in order to make use of edge and 

cloud services depending on the complexity and delay requirement of the task. 

Accordingly, the used applications must be designed in a way to meet the needs of the 

professional environment while relying on mobile offloading over existing wireless 

technologies to run complex tasks with minimized energy consumption. In the sequel, 
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we present the methodology and contributions of this thesis work: 

 Application Design Approach for Saving Energy on Resource-

Constrained Devices 

In this work, we first propose a design methodology related to the 

development of applications in a professional environment targeting 

energy savings. For any such application, the locations where its 

corresponding tasks are better handled, i.e. whether locally on the device 

itself or remotely on the edge server, will be, in principle, known in 

advance. A specific study is required to determine from a resource 

availability and from a power consumption points of view the best way to 

split the execution of the multiple tasks between the mobile device and the 

edge. The mentioned study will also assume an average transmission power 

over the link between the mobile device and the edge depending on the 

wireless technology used and the goal being to reduce the power 

consumption of the mobile device. In other words, if a particular task as a 

component of the application has the possibility of being executed locally 

on the device, while its processing energy requirements are lower than its 

communications energy requirements, then such a task must run locally on 

the device and such a constraint must be taken into account during the 

design and development of the application.  

 Energy-Aware Offloading Decision Model Considering  Network 

Redundancy 

Once the application is being used in the real environment, a task that is 
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supposedly (i.e. by design) be better executed locally on the device might 

face a momentarily shortage at the level of the device resources (CPU, 

RAM) while there is still enough power to offload the computations to the 

edge. In that case, it will be desirable to add a real time mechanism allowing 

the transfer of the computations to the edge. In order to ensure a certain 

level of network access redundancy and to enhance the energy saving, we 

consider here a dual networking approach. Privileged by the duality, the 

mobile devices can connect, at any particular instant, to the edge using one 

of two radio network cards/interfaces depending on which of them is able 

to provide the required communication service with the least energy 

consumption. Therefore, the mobile devices used in our environment are 

“network adapted” and the used protocols for the data link layer are IEEE 

802.11 (WIFI) and IEEE 802.15.4 (ZIGBEE) [20][21]. To realize the 

aforementioned solution scenario, we propose in this thesis work two 

stacks approach for handling the communications of the mobile device with 

edge. In this context, we formulate our mobile offloading using dual 

communication stack as an integer linear programming problem to decide 

in every time slot whether to perform for each task: (1) local computation, 

(2) offloading to edge over WiFi, and (3) offloading to edge over ZigBee. 

Moreover, we solve the above problem to enable the mobile device to 

switch between its dual communications stacks to either communicate over 

WiFi or ZigBee with the aim of minimizing the mobile energy 

consumption.  
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C. Thesis Organization 

The rest of this thesis is structured as follows: Chapter 2 provides background 

information and related work on mobile offloading and edge computing. Chapter 3 

describes the design of the solution itself. Chapters 4 formulates the problem of task 

offloading as an optimization problem and presents different simulation results to 

validate the main idea of the proposed work. Chapter 5 concludes the thesis by 

summarizing the major findings and suggesting some future work that is worth 

investigation.  
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Background and Related Work 

 

 Background 

Complex computations require huge resources in terms of energy, memory, and 

processing  power. Figure 4 lists example technologies and capabilities that modern 

mobile devices possess on one hand and example requirements of current and foreseen 

applications. Despite the huge advancement in mobile device technology, they still fall 

short in fulfilling the requirements of many applications and services.   

 

Figure 4. Specifications of Mobile Devices and Requirements of Mobile Applications 
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This mismatch between capabilities of mobile devices and requirements of emerging 

applications led to new paradigms that started with cloud computing, which has 

emerged as a new computing paradigm where complex tasks are offloaded to powerful 

servers running in the cloud [26, 27]. Tasks are transmitted over long communication 

path to reach the designated cloud servers causing increased load on access links and 

additional delays in executing the tasks. In a health environment, we can think of many 

services that require instantaneous response especially when related to life threatening 

conditions in monitoring patients such as elderly people or those suffering from acute 

neurological disorder.  

To remedy the problem of extended delays in delivering the services, computing 

servers are pushed closer to the user by installing powerful processing capacity at the 

edge of the network such as access points, edge routers, or even cellular base stations 

[28, 29]. Figure 5 compares the resources and limitations of edge and cloud servers. 
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Cloud Computing 

As a start, it all began with the increasing demand for storage and the need for data 

preservation against disasters. Distributed sites were then found, to place servers in 

safe circumstances. Later, as the demand for high computational power and resources 

increased, the cloud concept was more attractive and accepted. From an economic 

perspective, devices’ resources were augmented without huge investments and this 

was a good encouragement to invest more in this concept. 

The National Institute of Standards and Technology (NIST) defines cloud computing 

as a model to enable ubiquitous, convenience, and on-demand network access to a pool 

of computing resources such as networks, servers, storage, applications, and services 

Figure 5. Cloud vs Edge Resources and Limitations 
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High 
computations and 

processing

Low data 

exchange

High speed 
internet 

connection

Low battery

Edge

Moderate 
computations and 

processing
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that can be rapidly provisioned with minimal management effort or service provider 

interaction.[16] 

In other words, it’s a collection of easily accessed virtual servers located randomly 

around the world, where its accurate physical location is of no interest to the user. It 

offers services to the user without the hustle of maintenance and upgrading. 

Cloud computing is in fact a combination of many pre-existing technologies made easy 

to access to all users. Its adoption though was faced with multiple obstacles before 

users started entrusting it [17]. Security and privacy was, however, an issue, users for 

the first time were unsure about where their data is being stored and processed, which 

raised a lot of skepticism and questions.  

Edge Computing 

Internet of things (IOT) became a reality and programmers and networkers wanted to 

reach resources faster. This new horizon of computing paradigm, pushed to use the 

edge of the network, where IT service environment and cloud-computing capabilities 

can be accessed more rapidly from the edge of the mobile network. It was able to 

lighten the concerns regarding response time requirement, battery drainage, bandwidth 

cost saving, and not to mention the ever-persisting concern of data privacy [18]. 

Most of the IOT services are supported by the cloud platform. However, cloud is not 

suitable for any service that involves real time operations or low latency requirements, 

and high quality of service (QoS) [19]. 

Mobile cloud computing was then introduced, widening the horizon for mobile users. 

It opened the door for mobile applications to process and store data at more powerful 

computing platforms. More services were then offered to users as the limitations were 

narrowed down. As data computation is becoming a fixed factor in any economy, the 
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need for data processing is demanding more powerful platforms. MCC, hence, led to 

higher mobility and scalability, that was further improved with virtualization [30]. 

However, the mobile users may face some decline in the quality of service (QOS) due 

to congestion resulting from limitations of bandwidth and disconnections, among 

others [31]. 

Mobile Offloading 

Mobile offloading was also referred to as ‘on-demand computing’, ‘utility computing’ 

or ‘pay as you go computing’. The main target is to offload computation to remote 

resource providers, using resources other than the mobile device itself to execute 

mobile applications. Such an infrastructure is termed a ‘mobile cloud’. By taking 

advantage of computing and storage capabilities of the mobile cloud, applications with 

high computational needs can be executed on low resource mobile devices [32]. 

In general, mobile offloading simply refers to delegating the task to be executed 

remotely whether at the edge of the network or in the cloud. Some of the key features 

of the mobile device should be able to decide whether to offload a given computation 

task and what portion of it is to be offloaded [15].  

In the remaining of this chapter, we refer to [13] that provides interesting analysis on 

the tradeoff between performance and energy saving in mobile offloading. 
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Figure 6. Architecture of Cloud Offloading Systems 

 

Figure 6 shows the different components that constitute a typical architecture of a 

cloud offloading system.  

• Three major components extracted from Figure 6: 

– Resource onitoring: collects related information on battery level, CPU 

usage, available network bandwidth and others 

– Cost Model: represents the main criteria on which the offloading decision 

is based. Criteria includes price, storage, and energy requirements while 

improving quality in terms of performance, robustness, and security.  

– Partition Model: selects the application classes/components that are to be 

offloaded to the cloud (remote partition) and those that are to be processed 

locally (local partitions) 
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Figure 7. Three zones of operation [13] 

The work in [13] derived two critical times, tbe1 and tbe2, that are based on system 

parameters including transfer time of application component/class and given speedup 

of cloud as compared to device processing and identified three zones of operation as 

follows: 

• Never offload: offloading results in degraded performance and wasted energy 

• Always offload: offloading results in improved performance (faster 

processing) and energy consumption 

• Tradeoff: offloading improves one metric while degrades the other: 

– Reference Figure 7(a), offloading results in improved performance but 

costs more energy 

– Reference Figure 7(b), offloading results in saving energy but degraded 

performance 

For more details on this analysis, the reader can refer to [13]. 
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 Related Work 

 

In the following, we provide a review of the most important papers that helped us 

addressing the design problem at hand. The paper by K. Akherfi et al. [1] presents a 

good summary of the MCC (Mobile Cloud Computing) related offloading techniques 

addressed by Researchers during the last five years. The Paper has no contribution in 

itself but is helpful when it comes to consolidating in one place the guidelines of the 

multiple offloading techniques described in the MCC related literature. 

The paper by S. Park et al. [2] describes a very interesting technique involving a three 

tier architecture (mobile client, proxy, web servers). The Technique is designated by 

PIOS (Platform Independent Offloading System) and is targeting web based JavaScript 

coded applications irrespective of the Operating System of the mobile device. The 

request of services from Web servers are channeled through a Proxy. Annotations are 

introduced by the Programmer in the Web application code. Whenever the Proxy (also 

referred to as Content Adaptor CA in [2]) detects such annotations in the response 

(header of the Web page) from the outbound web servers, this means that the 

corresponding computations are heavy and need to be carried on the Proxy itself. The 

Proxy then creates a skeleton process for the mobile client in order to execute the 

annotated computational code and concurrently sends a lightweight modified web page 

to the client. If the response from the outbound Web servers does not contain any 

offloading annotations, the Proxy simply redirects the response to the mobile client. As 

a result, the performance and battery life of the mobile client are increased as the latter 

no longer needs to run the heavy computation code.  

The paper by C. Xu et al. [3] considers a computation offloading framework 
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implemented using JAVA Script suitable therefore for all JAVA based mobile 

applications. The framework employs some interesting tools (Node.JS, Web Socket, 

JSON, etc.) but is not mature and is even meaningless when it comes to the offloading 

decision itself. The latter is left to the User (choosing himself which tasks to offload 

and the Cloud Resources to offload to as well). 

The paper by H. Qian et al. [4] introduces a framework named JADE comprising a 

JADE Runtime Engine (running on both mobile and server/cloud sides) and a JADE 

programming model. The JADE Engine runs on Android devices and on any server 

(Cloud side) where a JAVA VM has been installed (JADE Engine runs as a JAVA 

program on a non-Android server). The JADE Runtime Engine has many components 

named: Communication Manager, Profiler and Optimizer. The Profiler itself is an 

interesting component that performs “program profiling” and “device profiling”.  

“Program profiling” produces, for a certain Application, a classification of its Tasks i.e. 

whether it is better to execute one particular Task locally or on the Cloud. Such a 

classification takes place when the Application is executed for the first time. The 

“program profiling” allows then to record many important values (consumed energy 

per Task, Execution Time per Task) in a database that will be used as a reference for 

the future executions of the Application. “Device Profiling” monitors real time 

parameters of the mobile like the battery status, the wireless connection status and its 

current throughput, the CPU load, etc. “Device profiling” uses an “online” method 

relying on Battery Monitoring Unit (BMU). Many mobile devices are equipped with 

BMU which is a useful tool that is accurate enough, according to the Paper, to provide 

acceptable results. This will spare the Application Developer from using “Offline” 

methods that use external measurement tools under laboratory conditions. Such 
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methods require a specific experience and are relatively costly. The combination of 

“program profiling” and “device profiling” will allow the JADE Engine to make real 

time decisions concerning the place of execution of the multiple Tasks (local i.e. on the 

device versus remote i.e. on the Cloud). There is also a “device profiling” on the server 

side (Cloud) but this is not relevant to our research and therefore we will not recall it 

here. On the other hand, the JADE programming model helps the Developers building 

Applications with offloading capability. It offers an application development 

framework that allows the Developers to identify some Application tasks that are 

eligible for offloading (they do not violate a set of rules like a code that handles User 

interactions or a code that accesses the Client/Mobile hardware, etc.). This also allows 

the Developers to create, for such tasks, what is being referred to as a “RemotableTask” 

interface. Finally the JADE programming model provides APIs that enable the mobile 

Applications to interact with the JADE Runtime Engine.  

The paper by Y. Tao et al. [5] introduces a mathematical formulation where an 

Application is represented by a directed graph, the nodes of which are components of 

the Application (equivalent to Tasks in our previous terminology) and the arcs of which 

reflect dependencies between those components. An arc (i,j) implies component i must 

be executed before component j and the weight of the arc designates the amount of data 

passed from i to j. Each component has a weight associated with it as well and expresses 

the workload corresponding to the component itself. While the introduced model has 

some interest from a theoretical point of view, it does not provide any approach to 

determine the multiple weight factors involved in the said formulation which restricts 

the developments carried throughout the Paper to solving an optimization problem 

where the multiple parameters are assumed to be known in a “certain manner”. The 
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Paper loses then its practical importance. 

The paper by P. Angre [6] examines the use of a dual stack at the level of MAC and 

Physical layers. Both the devices and the Network Access Points are equipped with dual 

MAC and physical interfaces: one of the interfaces corresponds to 802.11 (WIFI) and 

the other one to 802.15.4 (ZIGBEE). The Author is adding a layer (referred to as WIZI 

Cloud) between the TCP/IP layers and the Link layer. The WIZI Cloud comprises three 

components: Service Module, WIZI Cloud Bridge and ZIGBEE Modem. The Service 

Module plays the role of a multiplexer passing the IP packets between the Network 

Stack and the active radio interface (ZIGBEE or WIFI). The WIZI Cloud Bridge 

handles the fragmentation of the IP packets (the ZIGBEE frame payload is 116 Bytes 

only) and the ZIGBEE Modem provides the host with read/write operations on the 

ZIGBEE radio link. The ZIGBEE interface will be consuming less power whether in 

standby mode (a factor of three is claimed) or in active mode (a factor of two is claimed 

for some mobile applications like VOIP and email). We have to notice however that the 

maximum bit rate of ZIGBEE is 250Kbs (of which only 125Kbs approximately will 

carry useful traffic because of the ZIGBEE related overhead) which makes it unsuitable 

to all types of applications.  

The paper of S. Ahn et al.: Competitive Partial Computation Offloading for Maximizing 

Energy Efficiency in MCC [7] considers multiple users competing for energy 

optimization while decidind whether to offload to a cloudlet or a remote cloud. They 

introduced an energy-oriented task scheduling scheme to help with decision on the 

destination side. They used a game-theoretical analysis to come out with a method to 

partially compute an offloading of a target code partition. They concluded, that the 

result of weight allocation is Pareto-optimal and its time complexity is O(N) in a worst 
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case scenario. They tried letting clients adjust the size and deadline of the offloading 

code to maximize energy savings. 

 

The paper by Thinh Le Vinh et al.[7]: Energy efficiency in Mobile Cloud Computing 

Architectures. The authors are considering heterogeneous mobile devices interaction in 

order to deliver the desired service to the end user. They discuss the three main Mobile 

Cloud Computing architectures: OSGi, overlay and container based solutions, and 

focus on the most promising one, according to their analysis, in terms of energy 

efficiency. They concluded that the energy constraint of the mobile device is overcome 

by adapting Cloud computing advantages, regardless of remaining some exception 

cases. 
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Application Design Approach for Saving Energy on 

Resource Constrained Devices 

 

A. Problem Description and Assumption 

 

We consider the health environment with many sites (branches) where adequate 

computation resources have been installed (edge data centers) and one or more (for 

business continuity reasons) main sites hosting the infrastructure and applications that 

are required by the whole professional environment as a backup and complement to 

the deployed edge data centers. The deployed edge data centers will be referred to 

enterprise edge (EE). The central infrastructure and applications will be designated as 

Enterprise Cloud (EC). Figure 8 shows a sample hybrid edge-cloud architecture that 

makes use of edge and cloud services depending on the complexity and delay 

requirement of the task.  

 



   

24 
 

 

  

 

 

The development of the used applications must address the specific needs of our 

professional environment while relying on mobile offloading to run complex tasks and 

saving energy consumption. We also assume that a mobile device, and in order to 

handle all or part of the computation requirements of a particular application, will 

always connect, using a moderately power consuming link, to EE, which in turn might 

connect to EC in case the edge is not able to provide the required services. 

The mobile will only connect to EC (using a relatively power hungry link) if the 

connection with EE could not be established for whatever reason. In this work, we 

consider the design of the whole system but focus on the offloading part between the 

mobile device and the edge. The application takes into consideration the limited 

resource availability of the mobile device as well as the available edge server and 

decisions are taken from a power consumption point of view to determine the best way 

to split the computations for one application between the mobile device and the edge. 

Figure 8. Sample Hybrid Edge-Cloud Architecture 
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We assume an average transmission power over the link between the mobile device 

and the edge, the goal being to reduce the power consumption of the mobile device. In 

other words, whenever a particular task (as a component of the application) has the 

possibility of being executed locally on the device while its processing energy 

requirements are lower than its communications energy requirements, then such a task 

must run locally on the device and such a constraint must be taken into account in the 

development of the application. The developed applications, as described before, will 

still have their own average bit rate communication requirements which will reflect 

directly into power consumption depending in turn on the used link technology 

between the mobile device and the edge. We consider here a dual networking approach 

where the mobile devices can connect, at any particular instant, to the edge using one 

of two communication stacks depending on which of them is able to provide the 

required communication service with the least energy consumption. An interesting 

paper [2] describes the ZigBee communication technology, which is based on IEEE 

802.15.4 for the media link part.  

B. Proposed Approach 

 

As stated previously, we are targeting a Health Environment where very strict 

conditions apply and where the challenges, for the purpose of our research, are: 

a. Design of the used applications and their development methodology 

b. Real time decisions to offload computations or not 

c. Network redundancy and further Energy Saving 
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Note that, in the extreme case, our mobile devices can be robots handling some nursing 

or medical functions inside the Health Environment. Those robots might be running 

artificial intelligence (AI) applications and communicating with the Cloud for 

researching large databases as an example. Those robots could be also sending a 

measurement data set, captured on site, to the cloud where a “certain” distance is 

calculated between the measured data vector and each of the elements of a large set of 

sample data vectors related to a specific disease. The distance or derived statistical 

values will allow a decision to be taken on whether the patient is testing positive or not 

for the suspected disease and a treatment can be initiated accordingly in the positive 

case. 

We restrict ourselves, however, to the case of mobile appliances used by Human 

Nurses and Doctors as indicated in the introduction. The aim of the present Chapter is 

to provide the guidelines for: 

1. Developing applications with computations offloading capability  

2. Deploying the suitable system and network infrastructure for our Health 

Environment.  

We focus on Android devices only, given the additional flexibility this provides to the 

Application Developer. The JADE [4] approach related to “device profiling”, in 

particular, facilitated by such an OS selection and the BMU (Battery Monitoring Unit) 

tool is then fully exploited. In the same manner, the dual network access 

implementation is also more practical with Android devices. 

JAVA Script is the programming language of choice for developing the needed 

applications (web based) in our Health Environment context. This allows a PIOS [2] 
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like approach where annotations can be placed in the page headers. We are proposing 

here to add some annotations dynamically based on feedback from the BMU. By 

monitoring the device and the application, a process is evaluating the communication 

cost and the computation tasks. The offloading decision will then be taken, based on 

the collected information. An API needs to be developed between the BMU and the 

Web Application itself. Two types of annotations will be then distinguished: the static 

ones that are initially inserted by the programmer given the corresponding estimated 

computations workload and the dynamic ones that will be added on the fly by the so 

called API based on thresholds crossed as communicated by the BMU. 

A three-tier architecture is used and comprises mobile devices, proxies (Edge or EE as 

per our previous terminology) and outbound web servers (the Cloud or EC as per our 

previous terminology). Adequate resources is installed in the second and third tiers 

where we recall that the targeted Environment (Figure 9) may contain many sites 

(branches) and one or more (for business continuity reasons) main sites hosting the 

infrastructure and applications that are required. This also allows the PIOS [2] software 

architecture to be implemented in our Health Environment. 

 

 

Figure 9. System Architecture 
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A JADE [4] like approach is followed. This means that once the Application is ready 

for testing, we identify its main tasks and record the energy that is spent for the 

execution of each task as well as its execution time. The application is written first of 

all without any annotation which means the proxies will not be handling any task on 

behalf of the mobile appliance during the testing phase. The above testing 

methodology then allows the programmer to introduce what we referred to as being 

the “static” annotations. 

Our goal is to provide the user with the optimal scenario for using the mobile device. 

And since communication with the EE or EC will cost energy and time, chosen mean 

should be able to fulfill the requirements effectively. Our choices came down to 

ZigBee and WiFi. ZigBee for being known to use low-power digital radio signals for 

personal area networks and WiFi besides its efficiency being available in every modern 

computer as a built-in. 

ZIGBEE is claimed to be more energy efficient and provides better coverage than 

WIFI. This is a very delicate issue indeed. A lower average power will mean nothing 

as long as the transmission of the same digital payload will take a longer time. What 

really matters is a lower energy spending, where energy is the product of the average 

power and the used time. Manufacturers also introduced ZigBee products 

distinguished by power ratings, offering radios, for example, with 1mW RF power and 

"high-power" versions with 100mW RF power for instance. ZigBee's low power 

consumption is rooted not in RF power, but in a sleep mode specifically designed to 

accommodate battery powered devices. Any ZigBee-compliant radio can switch 

automatically to sleep mode when it is not transmitting, and remain asleep until it 

http://www.wirelessnetdesignline.com/encyclopedia/defineterm.jhtml?term=RF&x=&y=
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needs to communicate again. For radios connected to battery-powered devices, this 

results in low duty cycles and low average power consumption. In [6], it is claimed 

that the ZIGBEE interface will be consuming less power whether in standby mode (a 

saving factor of three is claimed) or in active mode (a saving factor of two is claimed 

for some mobile applications like VOIP and email). This claim is the result of a so 

called testing and does not stand for a proof. As we mentioned before, the maximum 

useful bit rate for ZIGBEE is around 125Kbs to be compared with hundreds of 

Megabits per second for the current WIFI technologies. The new WIFI standard 

802.11ax which will become commercially available by the end of 2018, will raise 

such bit rates to above multiple Gigabit per second under ideal conditions of course. 

Given the large difference in bit rates, it is clear that ZIGBEE has an obvious drawback 

of not being suitable to all kinds of applications particularly those requiring the 

transmission of relatively large amounts of data with constraints on time delays. Also 

as a result of the much lower bit rates, the same digital payload will require longer air 

time on the radio interface which might not necessarily lead to a great energy saving. 

Besides trying to minimize energy spending on the radio interface, it is important to 

ensure some network access redundancy in our Health Environment, and therefore a 

dual radio approach at the level of the mobile appliances will be adopted for LAN 

access. The mobile appliances should be then equipped with two radio network cards. 

One of them supports WIFI while the other supports the ZIGBEE radio interface. 

ZigBee is available as a low cost System on Chip with an integrated low power 

microcontroller. The important feature of this technology is allowing the mobile 

appliance to be in sleep mode while the microcontroller handles the wakeup and some 

of the network functionality. We also deploy WIFI access points to which ZIGBEE 
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radio interfaces have been added in our Health Environment (Figure 10). It is shown 

in [6] how this can be done with some LYNKSYS routers/access points as an example. 

In order to switch between the two radios, a WIZI-Cloud [6] similar approach is 

adopted. This means the network stack of the mobile appliance is extended using a 

virtual network interface through which all traffic are directed. The network stack of 

the access points is extended similarly as well. A seamless switching between WIFI  

 

and ZIGBEE links is based on an intra-device assignment mechanism that is 

transparent to the applications. 

 

 

 

Figure 10. System Model 
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We propose the following rule to be implemented for switching between WIFI and 

ZIGBEE: 

Case Scenario: 

Use ZIGBEE radio link instead of WIFI if 

M < 50KB  

Or  

WIFI is not available 

where M is the size in KB (kilo Bytes) of the digital payload that the application needs 

to send, as an IP packet, to the network at any single instance. This guarantees a 

maximum transmission delay of 4 seconds for the digital payload assuming a 

throughput of 0.1Mbs (50KB x 8/100kbs = 4s) on the ZIGBEE radio link, which can 

be ensured in our health environment by a suitable deployment of the dual stack radio 

access points. Note that in [6], no specific rules were specified but instead it was said 

that switching will depend on network load conditions which is an extremely vague 

statement and does not reveal any practical approach to achieve it. 
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Energy-Aware Offloading Decision Model 

Considering Network Redundancy 

 

After detailing our proposed approach for designing computationally complex 

applications to run over resource-constrained devices, we focus in this chapter on the 

offloading model to decide on the tasks that need to be delivered to the edge over any 

of WiFi or ZigBee interfaces as per our system model. We first formulate the problem 

as an optimization problem that aims at minimizing the total energy consumption while 

meeting delay constraints of the application tasks. Then, we solve the problem and 

present simulation results that show the distribution of the offloaded and locally 

computed tasks. Moreover, we show that major energy savings are promised when our 

proposed offloading model is utilized.  

 Problem Formulation 

 

Our objective is to minimize energy while maintaining the main purpose of the 

application and enabling the execution of all its computation tasks. We consider energy 

consumption at the mobile device side and that constitutes two components: (1) energy 

consumed due to computation of tasks denoted as Ecompute, and (2) energy consumed 
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due to delivering the tasks over wireless interfaces, which is denoted as Ecomm.  Thus, 

Etotal = Ecompute + Ecomm 

We consider the application composed of multiple computation tasks Ai generated at 

a time slot i. Every computation task is represented by a tuple (Li, Ni, Δi), where Li is 

the size of the task in Bytes, Ni is the number of computation cycles needed to complete 

the task and Δi is the time limit in seconds of each task to be executed.  

A = set of computation tasks = {A1, A2, A3… Am} 

 

    Li  Bytes 

Ai   Ni Cycles 

    Δi Seconds 

 

As for the device specifications, we consider Cd as its processing capacity and Ed as 

the CPU energy consumption per computation cycle. In [9], authors present energy 

characteristics of different mobile devices represented in energy consumed per 

computation cycle. This metric varies based on the CPU speed of the device. For 

example, 650 mega cycles running on Nokia 900 with cpu of 600 MHz consumes 1 

Joule. Figure 11 presents the system model along with the given parameters of the 

different components of the model. 
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In the following, we define the decision variables and formulate the objective function 

and its constraints.  

Decision Variables 

𝛼𝑖 =  {
1, 𝑖𝑓 𝐴𝑖  𝑖𝑠 𝑜𝑓𝑓𝑙𝑜𝑎𝑑𝑒𝑑 𝑜𝑣𝑒𝑟 𝑧𝑖𝑔𝑏𝑒𝑒
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

𝛽𝑖 =  {
1, 𝑖𝑓 𝐴𝑖  𝑖𝑠 𝑜𝑓𝑓𝑙𝑜𝑎𝑑𝑒𝑑 𝑜𝑣𝑒𝑟 𝑤𝑖𝑓𝑖
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

𝛾𝑖 =  {
1, 𝑖𝑓 𝐴𝑖  𝑖𝑠 𝑐𝑜𝑚𝑝𝑢𝑡𝑒𝑑 𝑙𝑜𝑐𝑎𝑙𝑙𝑦
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

A, Ed, Cd 

Rw  

Pw 

Figure 11. System Model and Parameters 

Rz  

Pz 
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Objective Function 

The first drawback in any device has always been « Energy ». To use as little energy 

as possible is crucial in order to secure continuity of any service provided, especially 

in the health field. Our objective function to minimize the energy is described as 

follows: 

min Etotal = min (Ecompute + Ecomm) 

        = min( ∑ αiPz
 Li

Rzi
+  ∑ βiPw

 Li

Rwi
 + ∑ γiEd𝑁𝑖i ) 

∑ αiPz
 Li

Rzi
  denotes the total energy consumed to transfer computation tasks offloaded 

over ZigBee, where Pz is the power consumption of ZigBee and Rz is the bit rate of 

ZigBee while transferring task Ai. 
L

R
  represents the time to transmit the task where L 

is the size of the task in bytes and R is the speed of the connection. 

∑ βiPw
 Li

Rwi
 denotes the total energy consumed to transfer computation tasks offloaded 

over WiFi, Pw is the power consumption of WiFi and Rw is the bit rate of WiFi while 

transferring task Ai. 

∑ γiEd𝑁𝑖i  is the total energy consumed while running the task locally on the device. 

 

Constraint 1 

This constraint ensures that we select one option only to compute every task: 1) offload 

to ZigBee, 2) offload to WiFi, 3) compute locally. Thus, the sum of the three binary 
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decision variables should add up to one. 

αi + βi + 𝛾i = 1 ∀i 

 

Constraint 2 

This constraint ensures that the total time to complete the computation task is within 

its acceptable delay limit. Especially in health applications, the time needed to deliver 

the desired request is a crucial factor. As in the examples provided in earlier chapters, 

data analytics are widely used in the health environment and some usages deal with 

detection of certain conditions such as seizures that might be life threatening. Thus, 

delay in processing such critical tasks might result in very serious consequences.  

While deciding on the venue where the task is executed, we have to make sure that the 

total time needed to complete this task remains below its desired threshold. For every 

task Ai we need then to enforce the following:  

αi
 Li

Rz
 + βi

 Li

Rw
 + (αi + βi)

1
ce

NaV
−λ

 + γi(
𝑁𝑖

𝑐𝑑
)  <  Δi  ∀i 

αi
 Li

Rz
 represents the time needed to transmit the task over ZigBee 

βi
 Li

Rw
 represents the time needed to transmit the task over WiFi 

(αi + βi)
1

ce
NaV

−λ
 represents the total time the offloaded task spends at the edge server to 

be fully processed. This time includes queuing delay and processing delay. 

γi(
𝑁𝑖

𝑐𝑑
) represents the time needed to fully process the task on the local device 
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In case of offloading whether over ZigBee or WiFi, this constraint guarantees that the 

total time to transmit the task data and to process on the edge server should be 

constrained to its desired threshold. We note here that we ignore the time needed to 

receive the result delivered from the edge server since the data size of the result is 

assumed negligible. Related literature on mobile offloading usually have this 

assumption. 

In the case where the task is kept to be computed locally, the constrained ensures that 

the total time needed to finish processing the whole task using the mobile device 

processor is again limited below the given threshold.  

 

 

Figure 12. M/M/1 Queuing System 

The edge server as in the related work from the literature [10] is modeled as an M/M/1 

queuing system. In queuing theory, an M/M/1 system depicted in Figure 12 includes a 

queue and a single server. Requests arrive to the system according to a poisson process 

with average rate λ and stay in a queue waiting to be served by the server. Service time 

of tasks by the server is assumed to follow an exponential distribution with rate μ.  

In our problem, the edge server has processing capacity Ce and thus μ = Ce/Nav and Nav 

is the average size of tasks. M/M/1 queuing system is widely adopted in the research 

community due to its attractive feature of having closed form expressions such as the 
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total time spent in the system. The total time spent in the system is composed of 

queuing time (i.e., time the task spends waiting in the queue) and service time. This 

time has the following expression: 

Tsystem  = Tqueuing + Tservice 

Tsystem  = 
1

𝜇−𝜆
=   

1
𝐶𝑒

𝑁𝑎𝑣 
−𝜆

 

 Solution and Simulation Results 

 

The aforementioned integer linear programming problem is solved and tested using 

matlab optimization toolbox. Different parameters are tested and various results are 

presented to demonstrate the effectiveness of the proposed approach. The values of the 

used parameters are taken close to values selected in the literature [11, 12]. 

We first present simulation results to show the distribution of task computations over 

WiFi, ZibgBee, or kept locally. We vary the size of the computation tasks to highlight 

how the complexity of the task plays a major role in the offloading decision. We then 

present another set of results to highlight the major energy gains promised from our 

proposed model as compared to either fully offloading or keeping all computations 

local.  
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1. Computation Tasks with Varying Sizes 

 

We generate various case studies to show the impact of tasks’ computation sizes on 

the offloading decision. The used system parameters are listed below:  

 

Device-related parameters: 

Cd = 600 MHz 

Ed = 10-6Joule/kilocycle 

M = 500 computation tasks 

 

ZigBee parameters: 

Pz = 0.1 Watts 

Rz = [125 250] kbps where values are uniformly distributed  

 

WiFi parameters: 

Pw = 1 Watt 

Rw = [100 5000] kbps where values are uniformly distributed  

  

Edge server parameters: 

Ce = 50 GHz 

 = 10 requests per second  

Nav = 3500 kcycles 

  

Task Parameters: 

L = [2 5] kbits where values are uniformly distributed between 2 kbits and 5 kbits  
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∆ = [10 50] ms where values are uniformly distributed between 10 and 50 ms  

 

Figure 13 plots the variation in the WiFi and ZigBee bit rates along time. We 

considered variable quality of wireless links in order to show the outcome of the 

optimization problem under variable conditions. In the following, we show different 

sizes of computation tasks and variability in offloading decision. Outcome varied as 

computational tasks parameters were changed.  

 

Figure 13. Bit Rate of Wi-Fi vs. ZigBee Over Time 
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Case 1: Large Computation Tasks 

 

Figure 14. Distribution of Tasks Offloaded Over ZigBee/Wi-Fi or Locally Executed for Large Computational 

Tasks 

 

The computation sizes of the generated tasks are uniformly distributed in the range N 

= [500 1500] Megacycles. Figure 14 shows in this case that task computation was 

distributed between WiFi and ZigBee usage, no local computation was applicable in 

this case. Out of the 500 tasks generated, 300 tasks were delivered over WiFi and the 

remaining over ZigBee. Despite the high transmission power of WiFi as compared to 

ZigBee, more tasks are offloaded over WiFi due to its superiority to ZigBee in terms 

of bit rate, and thus, the time needed to transfer the tasks over WiFi is greatly less than 

that over ZigBee. In consequence, the energy consumed to transfer the tasks data is 
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significantly reduced, the fact that makes WiFi a more favorable wireless technology 

option for the mobile device. In light of those results, we can conclude that whenever 

computation tasks are quite complex and require huge number of computation cycles 

to be fully executed, offloading is required in order to minimize energy consumption 

at the device and yet achieve the time limit of the given tasks. 
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Case 2: Moderate size Computation Tasks 

In this case, small computation tasks are considered where the computation sizes of 

the given tasks are uniformly distributed in the range N = [500 5000] Kilo cycles. 

 

Figure 15. Distribution of Tasks Offloaded Over ZigBee/Wi-Fi or Locally Executed for Moderate Size 

Computational Tasks 

Figure 15 demonstrates that moderate-size computations were distributed between the 

three available choices, where again the largest share goes to WiFi. Latter offloading 

is preferred to its counterparts due to its high bit rates. Whenever its bit rates drops and 

becomes comparable to ZigBee bitrates, it is desirable to offload over ZigBee as its 

transmission power is considerably less leading to low energy consumption. Local 

processing is preferred in this case whenever tasks are quite limited in terms of their 

computation requirement.   
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Case 3: Short computation tasks 

 

This case considers simple computation tasks in range [50 500] kilocycles that require 

relatively low number of computation cycles to complete their execution.  

 

Figure 16.  Distribution of Tasks Offloaded Over ZigBee/Wi-Fi or Locally Executed for Short Computational 

Tasks 

 

In this case of short computations there were no need to offload as demonstrated in 

Figure 16. All computation abided by the constraints and were executed locally on the 

device. As mentioned earlier, each conclusion of the experiment/simulation should be 

mapped to the initial experiment objectives that shows the relevance of the whole 

approach and model. 
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Simulation Outcome: 

 

Figure 17. Offloading comparisonAaccording to Computational Cycles 

Based on the above bar chart Figure 17, we can conclude that whenever computation 

tasks are quite complex, offloading is required in order to minimize energy 

consumption at the device and yet achieve the time limit of the given tasks. 

 

2. Energy Savings of Mobile Devices 

In this part, we aim at showing the expected energy gains when our offloading model 

is utilized as compared to other alternatives. Those include offloading all tasks over 

WiFi, offloading all tasks over ZigBee, and no offloading. Since the tasks at hand are 

part of healthcare applications, timely response can be very critical in addressing many 

medical conditions. In light of this, we present the number of tasks that cannot be 

served within its desired duration if the considered alternative options are used. 

For this set of results, we modify the following system parameters to generate cases 
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that can demonstrate the objective of those simulations:  

L = [500 1500] kbits 

∆ = [5 50] ms 

N = [1000 500000] kilocycles 

Figure 18 shows the distribution of tasks when the proposed offloading model is used, 

whereby the majority of the tasks are offloaded to the edge server keeping only simple 

computations to be executed on the device. 

 

Figure 18. Distribution of Tasks Using the Proposed Model 
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Figure 19.  Number of Tasks with Violated Delay Constraints for Various Computation Alternatives 

The generated tasks as given include simple as well as complex tasks that require large 

number of computation cycles. In the latter case, local computations are not possible 

due to the strict limitation of mobile devices in terms of computing capacity as 

compared to more powerful edge servers. Figure 19 shows that around 450 tasks out 

of the generated 500 tasks will not get their responses within the desired threshold 

when all tasks are executed locally. Offloading allows the majority of the tasks to be 

served within their time constraint only in few cases for ZigBee and that is likely when 

the task data size is too large to be transmitted over a low bit rate connection such as 

ZigBee. As for the option of offloading all tasks over WiFi, only one task suffered 

from increased response delay and that is likely to happen when the channel is very 

weak leading to very low bit rate as the input allows varying channels (refer to Figure 

13). 
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Figure 20. Energy Consumption of Various Computation Alternatives 

The sample input shows that the proposed model outperforms the two alternative 

offloading models in terms of energy savings. While local computations provide the 

highest energy savings, only 10% of the tasks are served within their given time 

constraints. 

For more complex computations and better WiFi connectivity, mobile offloading is 

the best alternative to saving energy and meeting the task deadline as shown in Figure 

20. All system parameters are kept the same as presented at the beginning of this 

subsection only for WiFi bit rate that is stabilized between 1Mbps and 1.5 Mbps as 

well as assuming complex computations where N = [500000 1500000]. For the same 
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case, the proposed model in Figure 21 demonstrates huge energy gains as compared to 

all other alternatives. 

 

Figure 21. Task Distribution in the Case of Stable WiFi Connectivity and Complex Computation Tasks 

  

 

Using another set of parameters 

L = [50 150] kbits 

∆ = [5 50] ms 

N = [1000 500000] kilocycles 
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Figure 22. Comparison with Other Alternatives Using Small Sized Tasks 

When the task size is relatively small, we can see the clear advantage our proposal 

model has over the three other alternatives Figure 22. Energy spent for completely 

executing the tasks while abiding by its time constraint was the optimal result 

compared to energy spent for offloading over ZigBee or WiFi or executing locally. 

Local execution seemed to be the worst choice regarding both energy consumption 

and time constraint. 
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Conclusions and Future Work 

 

In this study, we focused on mobile edge computing in a specific but very interesting 

environment, Health Environment, and particularly on the aspect of energy saving for 

the used mobile appliances in such environment. Our aim was to propose a complete 

design methodology related to the development of applications and to the deployment 

of systems and networks for such an operational context for optimizing the spending 

of mobile appliances energy and enhancing the performance of the used applications. 

In this context, we were able to achieve the thesis objectives and perform the 

following:  

1. Propose a design methodology for developing applications for resource-

constrained devices 

2. Introduce a new concept of adding annotations dynamically in the headers of 

web pages based on feedback from the so called BMU unit 

3. Propose an intra device mechanism for switching between two radio interfaces 

in a transparent manner to the applications 

4. Propose a new choice of switching between Wi-Fi and ZigBee offloading and 
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local computing with the goal of ensuring minimum energy consumption for 

all computations, hence, prolonging the usage of a device for the welfare of the 

user (e.g. patient in our case). Simulation results showed that the proposed 

offloading model can meet the time requirements of critical health computation 

tasks while achieving major energy gains as compared to other computation 

alternatives. 

It would be very interesting to test the proposed methodology in a real life environment 

and consider some applications that have been developed specifically for Health 

Institutions. This requires some contacts to be established with such Institutions in 

order to rework and reengineer their operational environment according to the 

elaborated design methodology. 

There are also some technical aspects that need to be further developed: 

a. Writing an API that reads specific information from the BMU, compares values 

to certain preset thresholds and introduces annotations in the headers of the 

web pages of a Web based Application 

b. Inserting the proposed switching rule between radio interfaces into an 

extension of the network stack of an android based appliance 

c. Studying the association mechanisms between mobile appliances and network 

radio access points both equipped with dual radio interfaces. This is a very 

important aspect in a real life scenario where mobile appliances are roaming 

across a large space covered by a big number of network access points. Note 

that for WIFI only based deployments, wireless LAN controllers are being used 

to address the association and roaming problems in an efficient manner. This 
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aspect needs to be addressed and examined very closely. 

We believe however that our study has conceptually covered imprtant facets of mobile 

energy saving in a MCC context related to a Health Environment and has provided a 

strong basis for reworking and reengineering the operational environment (i.e., 

applications, mobile appliances, systems, networks) of institutions specialized in the 

provision of Health care functions with the aim of optimizing the energy spending of 

its mobile devices and enhancing the performance of the used applications. 
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