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MESSAGE FROM COMMSOFT TC CHAIR 

 
 
The Technical Committee on Communications Software (TC-COMMSOFT) examines 
methods and techniques devoted to advancement of the formal methods and tools, use of 
system analysis and design, methodology for development of communications protocols as 
well as application of general Software Engineering approaches for the purpose of 
development of communications applications. The issues addressed by the TC-COMMSOFT 
include domain-specific languages and practices of using them. Developing of "middleware" 
between networks and applications and the usefulness and usability of it is also a topic. 
In this volume, we have selected 3 papers on three various subjects: wireless sensor networks 
for smart cities, routing protocols for mobile AdHoc networks and cloud computing.  
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Abstract: In this article, the possibilities of wireless sensor networks (WSN) integra-
tion into the field of intelligent transportation systems (ITS) will be introduced. An 
overview of typical application scenarios followed by one exemplary case study will 
provide anticipated view on the direction of future ITS approach. 
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1. Introduction 
A few years ago, the applications of WSN were rather interesting example than a 
powerful technology. Today it is expected that in next decade WSN world market 
grows approximately five times from the value of 0.45 billion USD in 2011 to 5 bil-
lion USD in 2021 [1]. According to the report SE 1662 made by Markets and Mar-
kets [2] The Industrial Wireless Sensor Networks (IWSN) Market for Manufacturing 
& Process Control Automation is expected to grow from USD 1610.00 million in 
2011 to USD 3795.37 million in 2017, at a CAGR (Compound Annual Growth Rate) 
of 15.58% from 2012 to 2017. In the report published by OnWorld [3], it is forecast-
ed that within the next five years, 1 billion circuits will be shipped per year for WSN 
markets. The installed wireless industrial field devices will increase by 553% when 
there will be nearly 24 million wireless-enabled sensors and actuators, or sensing 
points, deployed worldwide [4]. By 2016, 39% of deployed nodes will be used for 
new applications that are uniquely enabled by WSN technology. These values of 
market increase do not consider non-mesh wireless sensors, which represent another 
large space for developers and manufacturers of WSN components and applications. 
Though, at the present time the vast majority of installed sensors communicate via 
wire line, it is expected that over the next 10 years, the WSN will represent more than 
10% of the all sensor networks installed [1]. Regarding [5], as well as [6], it can be 
also mentioned that the use of WSN compared with traditional solutions has decreas-
ing financial requirements for installation and maintenance. It is expected that the 
average price of a sensory element will drop from the present 9 USD to 5 USD by 
2021.  

A distributed networked sensor system or wireless sensor network consists of numer-

ous coupled subsystems, which are geographically spread. In such system, individual 
subsystems are called clusters and these cluster exchange information over the com-
munication network. In practice, communication, especially wireless communication, 
takes place over digital networks where the data is transmitted in discrete packets. 
These packets may be lost during communication. Moreover, the communication 
media is a resource that is usually accessed in a mutually exclusive manner by neigh-
bourhood clusters / nodes. This means that the throughput capacity of such networks 
is limited. So, one important issue in such systems implementation is to identify 
methods that use the limited network bandwidth more effectively. In other words, 
timing issue is present. The timing issue gives the answer to the question how fre-
quently should subsystems / nodes communicate to ensure that the cluster as well as 
the network itself has a desired level of performance. In traditional approaches, digi-
tal signal processing needs an essential condition to be deployed which according to 
the sampling theorem, the maximum frequency contained in a signal must be less 
than half of the sampling frequency. This condition cannot be achieved with some 
applications (like some types of the sensor networks). Event-driven sampling some-
times referred as a non-uniform sampling is the solution to this problem [7] [8]. Typ-
ical event-detection mechanisms are functions on the state or on the system output 
variation. The event-triggered control allows reducing the periodicity of the control 
unit computations. It is proved that such an approach reduces the number of sampling 
instants for the same final performance [9]. 

The typical WSN should be characterized by following attributes: 

- low power consumption followed by utilization of energy harvesting, result-
ing to long lifetime; 

- integration of effective and reliable IEEE compliant communication protocol 
(IEEE 802.15.4 or IEEE 802.15.6); 

- network management possibilities, data collection, data processing; 
- integrating security issues; 
- time synchronization of the single network nodes; 
- auto-localization of each node in case of non-structured WSN; 
- auto-calibration of each node; 
- dynamic reconfiguration of the network if one or more nodes fail, fault toler-

ance; 
- computing performance and mote memory capacity. 

The problematic of WSN belongs to the main point of interests in the European Un-
ion and it is planned to be included in the HORIZON2020 Seventh Framework Pro-
gramme. Broad WSN application domains include following branches: 

- Transportation & Infrastructure; 
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- Health-care; 
- Environment monitoring; 
- Precision agriculture; 
- Industry application; 
- Security systems and Surveillance; 
- Home automation ; 
- Military and other. 

2. Inteligent Transportation Systems 
The transportation sector could be considered one of the most important branches of 
modern life. It could be even said that it belongs to the core sectors of the European 
Union since it employs around 9.1 mil persons (4.5% of the total labour force) with 
the total provision for operating companies for about 4.6% of total Gross Value Add-
ed (€520 billion) [10]. U.S. ITS market revenues are estimated for about $48 billion 
in present days and exceed those for electronic computers, motion picture and video 
products, direct mail advertising, or internet advertising [11]. Therefore, reasonable 
activities in transportation field could have significant impact on economy growing. 
On the other hand, disadvantages arising from the vehicles’ number as well as traffic 
volume growing bring along tough problems of health or environmental character 
(e.g. traffic accidents, pollution, traffic jam…). In order to solve these problems, in-
ternational organizations, governmental authorities, industry corporations have been 
putting effort into supporting of applying electronics, information and communica-
tion technologies in the field of transportation, so that Intelligent Transport Systems,  
became reality [11].  

Regarding the key application classes of ITS, which are safety, effectiveness, ecology 
and comfort, WSNs provide a unique methods for their improvement. It is obvious 
that monitoring and control of especially the road traffic requires collection of infor-
mation from many sensors which are appropriately distributed in large scale zone 
[11]. This is the reason of why the research and development has naturally focused 
on implementation of wireless sensor networks in real transportation applications. In 
general, it is possible to state that WSN are applicable everywhere where distributed 
information resources are available. The typical applications of nowadays, integrating 
WSN into ITS, are mainly oriented into the problematic of vehicle classification, traf-
fic-flow monitoring, ventilation management, parking navigation at wide spaces and 
monitoring of environment solid particles. 

Referring to required functions and parameters of WSN for ITS, the following sensor 
node prototypes have been developed at the Department of Technical Cybernetics.  

1) WSN node for the vehicle classification according to the acoustic signal at 15 
kHz together with vibrations at 1000 Hz analysis (Fig. 1) [12]. 
- sensing part consists of microphone MCE100, preamplifier, second order an-

ti-aliasing filter and 3-axis accelerometer MMA8453; 
- control unit comprises 32-bit microcontroler STM32F100s in LQFP48 pack-

age with ARM-Cortex M3 core operating at max. 24MHz; 
- the node takes an advantage of XBee PRO communication module operating 

at 2.4 GHz ISM. The node incorporates microSD card slot as well. 

 
Fig. 1 WSN node for vehicle classification based on the acoustic signal and 

vibration analysis 
2) WSN node for the vehicle classification according to the magnetic signal 

analysis (Fig. 2) [13]. 
- sensing part of the node consists of the sensor LSM303 containing magne-

tometer with an accelerometer; 
- communication subsystem based either on a module RFM70 (2 Mbps) or 

Xbee (250 kbps) in the ISM 2.4 GHz; 
- control unit comprises ARM Cortex™-M3 32-bit RISC core microcontroler 

STM32F100RB; 
- data storage is provided by micro SD card; 
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Fig. 2 WSN node for vehicle classification based on magnetic signal analysis 

3) Experimental node for parking space detection (Fig. 3). 
- sensing part based on ultrasonic sensors, alternatively on optical sensors, PIR 

or magnetometer. 

 
Fig. 3 Experimental node for parking space detection 

All of the sensors apply in general almost the same block structure as shown in the 
Fig. 4 [12]. 
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Fig. 4 Basic block structure of the sensor node 

3. Case Study 
With reference to the above mentioned, targeting one of the biggest transportation 
problems, the new concept of WSN is being developed at the current time. WSN is 
planned to be employed in road transportation solving the problem of vehicle detec-
tion at places or situations where it is critical. The sensors will be placed at the loca-
tions with quite high risk of crash to inform traffic participants about possible danger. 
These places can be distinguished by blocked view on actual traffic situation (Fig. 5) 
or by specific conditions making the guidance of traffic participants important, as e.g. 
guidance of blind, visually impaired or elderly people (Fig. 6).  
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Fig. 5 Traffic situation with blocked view 
 

 

Fig. 6 Specific traffic guidance demanding situation 
For this purpose, it is being developed a special sensor node comprising TI ultra-low-
power mixed-signal microcontroller MSP430F2232, ultra-low-power TI Sub-1GHz 
RF Transceiver CC1101 and small, low-power, digital 3-axis magnetometer 
MAG3110 (Fig. 7). 

 

Fig. 7 Block schematic of proposed sensor node 
The sensors will be deployed along the edges of desired roads with distribution de-
pendant on the maximal speed limit applied for vehicles driving within the area. 
Since the typical application scenario is situated inside the cities where the maximal 
speed limit is 50 km/h, WSN consisted of three nodes spaced app. by 20 meters apart 
from each other will be sufficient to be implemented for reliable vehicle detection. 
The network will be able to detect vehicles even exceeding speed limit and driving up 
to 50 m/s. Particular sensor nodes will be integrated into the pavement marker chassis, 
thus the high resistance as well as lifespan of the single nodes will be secured Fig. 8 

 
Fig. 8 Chassis of the sensor nodes 

Long life-time of nodes is caused by implementation of suitable sensing, manage-
ment and communication methods.  Chosen control unit, microcontroller (MCU) 
MSP430F2232, initiates communication in 500 ms time slots, when turning into the 
sleep mode in between. Ultra-fast wake-up from standby mode, with power con-
sumption 0.7 µA, to active mode (270 µA at 1 MHz, 2.2 V) in less than 1 µs allowing 
actuation of the control unit also by utilization of the magnetometer interrupt signal 
[16]. MAG3110 will be due to the integrity reasons still in the active mode with pow-
er consumption 137.5 µA at output data rate 10 Hz (VDD = 2.4 V, VDDIO = 1.8 V, 
T = 25°C) [14]. However, by turning the magnetometer to the standby mode (Turn-
on time 25 ms, power consumption 2 µA), other power savings could be reached. The 
MAG3110 measures the three components of the local magnetic field which will be 
the sum of the geomagnetic field and the magnetic field created by components on 
the circuit board. After MCU waking up, pre-processing will be performed within the 
MCU and according to the results achieved the communication module can be initiat-
ed. This facilitates avoiding of false detection messages. Communication module 
CC1101 will be implicitly kept in the sleep mode with current consumption 100 µA 
and relatively fast startup time 240 µs. After MCU initiates communication, CC1101 
will switch to the active mode with power consumption 15.6 mA in receive mode at 
250 kBaud and 30.0 mA in transmit mode operating in ISM 868 MHz [15]. Integra-
tion of suitable compact-size battery, such ER34615/SAFT LSH20 3.6V primary 
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high energy lithium thionyl chloride D Size battery with nominal capacity 19 Ah @ 
3.0mA 20C 2.0V, allow keeping of desired working time of node, which was as-
signed to one year. 

The method for channel access will be based on the sharing of the same frequency 
channel by dividing the signal into different time slots. Thus the transmission medi-
um will be shared by using only a part of its channel capacity. The communication 
time interval defined to 1000 ms will be divided into 1024 slots (0...1023). Then the 
transmission of packet will be done in one time slot, though the packet receiving will 
be done for better reliability in 3 time slots (2,3,4). Slots 0 and 1 will be assigned for 
packet detection. In all other slots, MCU will stay in LPM3 mode,                                     
when only timer and interrupt controller for handling the wake-up signal of magne-
tometer remain active (Fig. 9).  

 

Fig. 9 Time synchronization within the network 
All transmitted data will be grouped in the packet of 6 bytes size comprising info 
about packet ID, address (source/destination), time stamp and CRC. Info about time 
of vehicle detection will allow distinguishing of vehicle’s speed. For powering of the 
sink node will be utilized method of energy harvesting as described in [17]. 

4. Conclusion 
Proposed WSN will be implemented within the Centre of excellence for systems and 
services of intelligent transport set at the Faculty of Management Science and Infor-
matics, University of Žilina. The WSN could significantly improve traffic safety as 
the unique platform considering guidance of physically impaired persons within criti-
cal places of city centres. Keenly price of the sensor node, expected bellow 20€ with 
battery included, could allow global expansion of the network over the world. The 
WSN will provide important mean for the traffic safety improvement. 
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Abstract—In Ad Hoc networks, route failure may occur due to less received power, mobility, 
congestion and node failures. Many approaches have been proposed in literature to solve this 
problem, where a node predicts pre-emptively the route failure that occurs with the less received 
power. However, these approaches encounter some difficulties, especially in scenario without mo-
bility where route failures may arise. In this paper, we propose an improvement of AOMDV pro-
tocol called E-PPAOMDV (Enhanced Predictive Preemptive AOMDV). We propose a cross-layer 
networking mechanism to distinguish between both situations, failures due to congestion or mobil-
ity, and consequently avoiding unnecessary route repair process. The E-PPAOMDV was imple-
mented using NS-2. The simulation results show that our approach improves the overall perfor-
mance of the network. It reduces the average end to end delay and the routing overhead of the 
network. 
 

Index Terms— Ad-Hoc networks, Multipath Routing, PPAOMDV, MAC, Cross layer. 
 
1. Introduction 
An ad hoc network consists of mobile nodes, which communicate with each other through 
multi-hop routes. Nodes cooperate with their neighbors to route data packets to their final 
destinations. In ad hoc networks, network topology is changing continuously because of the 
node movement. To maintain the communication between nodes, many routing protocols 
have been proposed, which are classified under two categories: table-driven and on-demand 
routing protocols. 

On-demand routing protocols discover routes only when the source needs to send packets. 
Therefore, there is almost no route maintenance overhead, whereas the route discovery before 
data transmission increases the delay. However, if the link failure happened, nodes should 
inform the sources to change the existing route and retransmit the packets that were lost due to 
link failure. Therefore, on-demand routing protocols increase delay and decrease the success-
ful packet arrival ratio. This causes the reduction of the packet delivery ratio. 

Several approaches have been proposed [3],[4],[11] to flexibly anticipate link failure by 
adding a function that predicts the link failure in one of the popular on-demand routing proto-

                                                
 

cols which is Ad hoc On-demand Distance Vector (AODV) [1],[2].  
Previous approaches encounter some difficulties, especially in scenario without mobility. 

The problem is that these approaches predict link failures based of the Received Signal 
Strength (RSS) information and interpret that it happened due to node mobility, where actual-
ly it was due to congestion. Therefore, the process of route repair should not be performed 
since it increases even more the congestion, decreasing the overall performance of the net-
work. 

Transmitting information to a neighboring node in MAC layer is preceded by the exchange 
of Request To Send (RTS)/Clear To Send (CTS) frames. If this communication fails, the 
MAC layer waits (back off time) and retries later. After several failed attempts, the MAC lay-
er informs the routing layer using a cross layer interaction. In our approach, the cause of that 
unsuccessful communication is sent to the routing layer. If the last received power of the des-
tination node indicates that it is reachable, the routing layer is informed, using the variable 
xmit_reason with the value XMIT_REASON_HIGH_RSS. Depending on this information a 
node will decide whether it performs a route repair or not.   

In this paper, we propose an Enhanced Predictive Preemptive Ad hoc On-Demand Multi-
path Distance Vector (E-PPAOMDV), it is an on-demand routing protocol based on a cross-
layer networking mechanism to distinguish between both situations, failures due to congestion 
or mobility, and consequently avoiding unnecessary route repair process, where we use a 
“Route Failure Prediction Technique” based on the Lagrange interpolation for estimating 
whether an active link is about to fail or will fail.  

The rest of the paper is organized as follows. Section 2 describes related works; section 3 
describes an overview of AOMDV; the proposed protocol is presented in section 4 and its 
performance is evaluated and compared with that of PPAOMDV in section 5. Some conclu-
sions are given in section 6. 
2. Related Works 
2.1 Link failure prediction methods 

In [3], a Predictive Preemptive AODV (PPAODV) was proposed which predicts the link 
failure using the Received Signal Strength (RSS) has been proposed. The prediction method 
uses Lagrange interpolation, which approximates the process of RSS by means of n-
dimensional function with information of past RSS. PPAODV [3] discovers a new route be-
fore the active route becomes obsolete and changes the route smoothly by predicting a RSS of 
data packets at the Predict Time tPT from the past information of RSS. PPAODV [3] sets Dis-
covery Period TDP as the minimum time that a node can exchange one data with the neighbor-
ing node. 

In [4], the authors have proposed a High Precision - PPAODV (HPPPAODV) which is an 
amelioration of PPAODV.  HPPPAODV can improve the prediction accuracy ratio by 1) us-
ing the Newton interpolation, 2) adding the chance of acquisition of RSS to reduce the error 
margin of RSS that is affected by the influence of the thermal noise and fading and 3) predict-
ing the value of the Discovery Period TDP by the number of hop in a route.  
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In [11], Authors propose The Predictive Preemptive AOMDV (PPAOMDV) , an approach 
that uses the “Route Failure Prediction Technique” for estimating whether an active link is 
about to fail or will fail . To evaluate this approach to route failure prediction, they have add-
ed it to Ad Hoc on- Demand Multipath Distance Vector Routing Protocol (AOMDV). 
3. AOMDV Overview 

AOMDV is an extension of AODV [1],[2] protocol where it computes multiple disjoint 
loop-free paths in a route discovery [10]. Authors assume that every node AOMDV shares 
several characteristics with AODV. It is based upon the distance vector concept and uses hop-
by-hop routing approach. Moreover, AOMDV also finds routes on demand using a route dis-
covery procedure. The main difference is in the number of routes found in each route discov-
ery. In AOMDV, RREQ propagation from the source to the destination establishes multiple 
reverse paths both at intermediate nodes as well as the destination. Multiple RREPs traverse 
these reverse paths back to form multiple forward paths to the destination into the source and 
intermediate nodes routing tables. 
4. The Proposed E-PPAOMDV 
4.1 The Proposed Mechanism For Congestion Control 

In E-PPAOMDV we implemented a cross layer approach that tracks the RSS of received 
data packet from each neighbouring node in order to know when an adjacent node is near 
enough for a successful transmission. 

We use a “Route Failure Prediction Technique” based on the Lagrange in-
terpolation (1) for estimating whether an active link is about to fail or will fail, 
and it can distinguish between both situations; link error at MAC layer was 
due to congestion and due to mobility of nodes to avoid the unnecessary route 
repair process. The Predict Time (tPT) is calculated as (2) and the Discovery 
Period TDP can be calculated as (3). 
P (tPT) = ( ×P1)+ ×P2)+ ( ×P3)    (1) 

Where P (tPT) is the value of RSS at tPT, P1 −P3 and t1−t3 are 1st −3rd RSS 
and their received time respectively. 

tPT   =  t3 + TDP                                                                (2) 
 

TDP = Twarning×nA-S+TRREQ × nS-D+TRREP × nS-D            (3) 
Where, Twarning, TRREQ and TRREP represent the transmission time of 

warning packet, RREQ packet and RREP packet, respectively. Also nA−S and 
nS−D represent the number of hops between node “A” to node “S” of the active 
route and number of hops between node S to node D of a new route, respecti-
vely. 

 
Figure. 1 Node A predicts link failure 

 
4.1.1 Extension of MAC Layer 

AOMDV [10] interprets a link failure (in MAC layer) as a broken link, even when it was 
caused by congestion at the receiver. The sender node should know why communication was 
impossible. We implemented an approach that tracks the RSS of received data packet from 
each neighbouring node in order to know when an adjacent node is near enough for a success-
ful transmission. If lost packets were due to congestion and high traffic, AOMDV triggers 
route repair, and this can affect the network performance. If lost packets is due to low signal 
quality or misrouted packets, then route repair is needed because the receiver is not reachable.  

Afterward, the signal strength of neighboring nodes can be used to detect the reason for lost 
packets, distinguishing between congestion and broken links due to mobility, because in the 
last case, the receiver is unreachable and its signal strength is now available. The implementa-
tion is divided into two parts; the first part  keeps the last three received signals from a node in 
an array, and computes RSS using Lagrange Interpolation (from the received data packets) if 
the signal is weak enough and the node moving away, the MAC layer sends a Request To 
Send (RTS) and the second part decides the kind of message (link failure, either due to errors 
or due to congestion using signal strength of neighbouring nodes) to be sent to the upper lay-
er, whenever the communication is impossible but the destination node is in the transmission 
range of the sender. 

Transmitting information to a neighbouring node in MAC layer is preceded by the ex-
change of Request To Send (RTS)/Clear To Send (CTS) frames. If this communication fails, 
the MAC layer waits (back off time) and retransmits later. After several unsuccessful at-
tempts, the MAC layer informs to the routing layer that communication failed. In our ap-
proach, the reason for that unsuccessful communication is sent to the routing layer. If the last 
received power (the result of Lagrange interpolation) of the destination node indicates that it 
is reachable, the routing layer is informed, using the variable xmit_reason with the value 
XMIT_REASON_HIGH_RSS. In this case, the routing layer should interpret that communi-
cation to destination was impossible, not because of a broken link but rather congestion, there-
fore, route maintenance is not needed. If that is not the reason delivered to the routing layer, a 
route maintenance process is required. 
4.1.2 Extension of AOMDV 
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When a node tries to communicate with a neighboring node and this communication failed 
(after several attempts, MAC layer sends an error to the routing layer). AOMDV interprets 
that the neighboring node is not present anymore and communication failure was due to mo-
bility.  

In a scenario without mobility communication failures may arise, but AOMDV will inter-
pret that it was due to mobility, where actually, it was due to congestion. Therefore, the pro-
cess of route repair should not be performed since it increases even more the congestion, de-
creasing the overall performance of the network. The proposed amelioration will make 
AOMDV capable to distinguish between both situations, avoiding the route repair process 
when the link error at MAC layer was due to congestion and not due to mobility of nodes. In 
our approach, when a node is not able to communicate with a neighbouring node, MAC layer 
informs to the upper layer that there was a problem including whether the neighbouring node 
is still reachable or not (see Fig. 2). Therefore, the sender node does not perform route 
maintenance if it was informed that the neighbouring node is still reachable. 

 
Figure. 2 The proposed mechanism that uses the Lagrange interpolation is shown here, this diagram 
shows also how MAC layer informs to the routing layer, when several attempts to communicate to the 

receiver node failed 
 
5.   Simulation and Performance Results  

We have used the implementation of AOMDV [10] in the NS simulator version 3.35 [5]. 
Our results are based on the simulation of 50 wireless nodes forming an ad hoc network mov-
ing about in an area of 1500 meters by 300 meters for 200 seconds of simulated time. Two 
Ray Ground reflection model was adopted. Nodes positions were generated randomly. 

The movement scenario files used for each simulation are characterized by a pause time. 
Each node begins the simulation by selecting a random destination in the simulation area and 
moving to that destination at a speed distributed uniformly between 0 and 10 meters per se-

cond. It then remains stationary for pause time seconds. This scenario is repeated for the dura-
tion of the simulation. We carry out simulations with movement patterns generated for 5 dif-
ferent pause times: 0, 20, 40, 80 and 200 seconds. A pause time of 0 seconds corresponds to 
continuous motion, and a pause time of 200 (the length of the simulation) corresponds to lim-
ited motion. Constant bit rate (CBR) sources are used in the simulations. The packet rate is 4 
packets/sec when 10, 20, 30 and 40 sources are assumed. The performance metrics used to 
evaluate performance are: 
Average end-to-end delay of data packets: This includes all possible delays 
caused by buffering during route discovery, queuing at the interface queue, 
retransmission delays at the MAC layer, and propagation and transfer times. 
This should be minimized. 
Normalized routing load: The number of routing packets transmitted per da-
ta packet delivered to the destination. This should be minimized. 

We report the results of the simulation experiments for the Predictive 
Preemptive AOMDV protocol (PPAOMDV) and for E-PPAOMDV.  

 
Figure. 3   Average End to end delay 

In Fig. 3 the results obtained for the end-to-end delay metric are presented. 
We observe that the end-to-end delay increases significantly when the number 
of sources increases. The delay is affected by the route repair procedure be-
cause data packets are buffered until an alternative route is found. The results 
show that E-PPAOMDV outperforms PPAOMDV significantly when the 
number of sources increase and the motion is low. Fig. 3 shows a gain of 
about 20% of E-PPAOMDV over PPAOMDV, for 40 sources in the pause 
time 200s. 
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Figure. 4   Normalized routing load 

Fig. 4 shows how mobility and number of sources affect the communica-
tion overhead. The overhead is high when node motion is high; this is due to 
the fact that it is difficult to obtain an alternative link to replace a broken one 
when motion is high. It is also observed that the overhead is low when the 
number of sources is low. This results from the fact that many sources may 
share one or more paths, which decreases the communication overhead. It can 
be observed from Fig. 6 that the biggest gains of E-PPAOMDV over 
PPAOMDV is of 45% and happen with 80s of pause time and 40 sources. 
This has a good impact on energy because the number of control packets ge-
nerated is low. 
6. Conclusion 

Multipath routing can be used in on-demand protocols to achieve faster and efficient recov-
ery from route failures in highly dynamic Ad-hoc networks. In this paper, we have proposed a 
Enhanced Predictive Preemptive Multipath Ad hoc On-Demand Distance Vector (E-
PPAOMDV). The main contribution in this work is the proposition of a cross-layer network-
ing mechanism to distinguish between both situations, failures due to congestion or mobility; 
by the usage of the “Route Failure Prediction Technique” based on the Lagrange interpolation 
for estimating whether an active link is about to fail or will fail. 

Simulation results show that the average end to end delay of E-PPAOMDV is less than that 
of PPAOMDV. Also the normalized routing load of E-PPAOMDV is smaller than that of 
PPAOMDV, especially when the number of sources is superior to 10 sources.  
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Abstract 
Today, more users are becoming dependent on the mobile tools (e.g. 
smartphones) as their primary computing device, replacing the traditional sta-
tionary PCs. However, there is a major obstacle for further development; the 
resource-paucity of mobile devices. Mobile Cloud Computing is intended to 
provide services to mobile users by supplementing the resource-paucity of 
mobile devices, i.e. off-loading tasks and data on the Internet and providing 
the resources to a local client on-demand. In parallel, 4G network technology 
LTE/LTE-Advanced has just been rolled out in the global market. Despite 
LTE´s improved network quality, much needs to be done before the Mobile 
Cloud Computing can reach its true potential. Therefore, the overall objective 
of this paper is to characterize the network behavior of Mobile Cloud Compu-
ting, which allows us to address fundamental Mobile Cloud Computing chal-
lenges. 
 
 
1. Introduction. 
 
Today, mobile tools, such as smartphones and tablets, have become primary 
computing devices for many users and begun to replace traditional stationary 
PCs. Mobile Cloud Computing is intended to provide services to mobile users 
by supplementing the resource-poor nature of mobile devices, i.e. offloading 
tasks and data on the Internet, rather than on individual devices, and providing 
the resources to a local client on demand. This way, mobile devices do not 
require a powerful configuration.  
 
In parallel with the rise of Mobile Cloud Computing, the state-of-the-art 4G 
(fourth generation) network technology, LTE/LTE-Advanced has just been 

rolled out in the global market. LTE’s improved network quality and user ex-
perience is expected to deliver the innovative Cloud-based new mobile multi-
media services, which will benefit both end-users and businesses. However, 
much needs to be done before the Mobile Cloud Computing can reach its true 
potential. The main obstacles we need to tackle include the device battery life-
time, interaction latency, and the quality of service/experience (QoS/QoE), 
and seamless handover, which are intrinsic problems in wireless mobile com-
munications. 
 
Here, is a brief survey on the up and coming trend, Mobile Cloud Computing 
with specific emphasis on the 4G wireless network LTE/LTE-Advanced in the 
Cloud environment. 
 
2. Mobile Cloud Computing 
 
It is a rapidly growing trend that more users are becoming dependent on the 
mobile tools as their primary computing devices and replacing the traditional 
stationary hardware. As the features for handling multimedia (images, videos, 
music, and other media) are integrated into the Smartphones today, the mo-
bile-only Internet population is projected to grow up to 788 million people 
worldwide by 2015 [1]; hence the impact of the mobile communication mar-
ket on the global economy is obvious. However, there is a major obstacle for 
further development of mobile communication, i.e. mobile devices are re-
source poor relative to stationary hardware.  
 
It is because of the: 
1) restricted computing power due to the small battery capacity,  
2) limited processing power and memory of mobile hardware, and  
3) resulting limitation in executing resource-hungry user applications.  
 
Hence, a logical and obvious solution is to leverage Cloud Computing. With 
Cloud Computing, the resource-intensive applications can be stripped out of 
the mobile devices and out-sourced for remote execution over the Internet. 
 
Cloud Computing has become an important paradigm for delivering shared 
resources on-demand (e.g., infrastructure, platform, software, and so on), to a 
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user’s devices (e.g. computer or mobile device) over the Internet. End-users 
can access Cloud applications through a web browser or a light-weight desk-
top or mobile app. While the software and data is stored on servers at an un-
known remote location, the end-users can receive the same, or better, level of 
service and performance, as if the software programs were installed on their 
local computing device. Synergy between these features of Cloud Computing, 
mobile computing (As shown in Figure 1) through portable devices and wire-
less/wired networking is termed Mobile Cloud Computing (MCC). 

 
Figure 1 End-to-End Mobile Cloud with LTE 

 
In MCC, all the data and complicated computing modules can be processed in 
the Cloud and thus, mobile devices do not require a powerful configuration 
such as high CPU speed and large memory capacity. MCC grows with the de-
velopment of Mobile applications (apps) and MCC is expected to become the 
leading mobile application development/deployment strategy. Today, some 
popular mobile Cloud apps have already been in use, such as mobile Gmail 
and Google Maps. The Cloud app-users can access applications from a Cloud-
based location via their handset's browser or applications, which enables rich-
er functions with less handset resource consumption. Another advantage is 
that Mobile Cloud apps can be created on Cloud-based platforms and deliv-
ered to any device unlike non-Cloud apps, where different versions of one ap-
plication have to be built for each device. Therefore, MCC together with Mo-
bile Cloud apps are rapidly growing segment in the global market. 
 

Soon, mobile broadband speeds are expected to match DSL speeds with ad-
vancement of 4G technologies such as LTE/LTE-Advanced. Ever since the 
world's first publicly available LTE service was launched in Stockholm and 
Oslo in 2009, LTE has gained popularity and is anticipated to become the first 
truly global mobile phone standard. The LTE (specified in the 3GPP Release 8 
and 9 document series) is commonly referred to as 4G wireless service in the 
market. Technically speaking, it does not satisfy the requirement defined by 
ITU-R organization, and thus in some cases, classified as pre-4G. The LTE-
Advanced standard, on the other hand, satisfies the requirements to be 4G and 
the standardization was finalized in 2011. (In order to avoid confusion in ter-
minology, in this paper henceforth, we consider both versions of LTE as 4G 
and refer to them as LTE/LTE-Advanced).  
 
Shortly, data rates of 50 Mbps will become common-place; the access speed 
of 4G will enable new revenue-generating services. Not surprisingly, an in-
creasing number of operators are now offering Cloud-based services with 4G 
LTE/LTE-Advanced in mind. LTE’s higher bandwidth capabilities, nearly 
ubiquitous broadband access and improved quality of user experience have the 
potential to deliver the innovative Cloud-based mobile multimedia services 
with fast, cost-effective, accessible, and scalable deployment. 
 
3. Challenges in Mobile Cloud with 4G 
 
However, much needs to be done before the MCC can reach its true potential. 
The main obstacles we need to tackle include the device battery lifetime, in-
teraction latency, the resulting quality of service/experience (QoS/QoE), and 
seamless handover.  
 
Energy efficiency: For all Mobile Cloud Computing scenarios, energy con-
sumption in battery-powered devices is a key issue [2].  
 
One aspect of the argument is that Cloud Computing enables computation by 
off-loading from the device and thereby reducing energy consumption of the 
mobile device. For example [3] simulated the system and found that, under 
certain conditions, 20% energy savings would be achieved. However, the re-
mote computing in the Cloud consumes substantial energy for wireless com-
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munication. Therefore, there is a trade-off between communication energy and 
computing energy, which determines the balance of local (mobile device) ver-
sus remote (Cloud) computing.  
 

As seen in Figure 2 a model for the 
LTE Discontinuous Reception (DRX) 
mechanism with adjustable and non-
adjustable DRX1 cycles using a semi-
Markov process and tested it with 
bursty packet data traffic is presented. 
In Figure 2 show the performance dif-
ferences between adjustable and non-
adjustable DRX in the Inactivity Timer 
(TI), the Short Cycle Timer, and the 
Long Cycle Timer, in terms of the 
power saving factor and wakeup delay. 
The figures depict power saving factors 
and wakeup delay in the DRX Inactivi-
ty Timer, with either adjustable or non-

ad- justable DRX, by means of a Semi-Markov 
model. The analytical model shows there is a trade-off between energy saving 
and delay (or latency) for DRX.  There is a need to investigate the trade-off 
relationship of off-loading versus local device computing in a Mobile Cloud 
with LTE/LTE-Advanced. 
 
 
    Figure 2 LTE Power saving and Delay 
 
There are additional elements which would affect the break-even point be-
tween communication energy and computing energy. For instance, newer 
standards for wireless communication, LTE/LTE-Advanced include energy 
efficiency requirements. The mobile device by itself can have a scheduling 
mechanism for energy efficiency, in which the device goes through 
                                                

1  To extend the user equipment battery lifetime, plus further support various services and 
large amount of data transmissions, the 3GPP standards for LTE/LTE-Advanced has adopted 

discontinuous reception (DRX). 

awake/sleep cycles with the machine turning off automatically when it is not 
used [4], [5], [6]. How such functions in LTE influence the total energy effi-
ciency should be investigated as a prerequisite for wider implementation of 
Mobile Cloud Computing. 
 
Latency: Interaction latency refers to the delay that users experience between 
generating some input and seeing the result on their display [7]. This delay is 
inevitable in Mobile Cloud since the mobile device must communicate with 
the server even for the most trivial operations. It is particularly problematic as 
users are accustomed to the responsive interface of traditional desktop appli-
cations and will expect same level of interactivity in Mobile communications.  
 
In Cloud architecture, remote display protocol data needs to traverse numer-
ous links and multiple network elements, each of which introduce additional 
propagation and transmission delays to the end-to-end path. Moreover, the 
wireless mobile setting induces additional transmission delays due to the lim-
ited bandwidth. This limited bandwidth, however, is expected to improve over 
time. LTE/LTE-Advanced, for example, sets the bandwidth requirement of the 
downlink at 100Mbit and the uplink at 50Mbit. Thus, bandwidth-related laten-
cy, per se, can be reduced to a certain degree. Nonetheless, there will always 
be a trade-off between latency and other aspects of networking, such as energy 
efficiency, security, and manageability [4], [6], [8]. Thus, Mobile Cloud laten-
cy under new wireless communication standards needs to be addressed. 
 
Quality of service/experience (QoS/QoE): QoS technologies have been de-
veloped and deployed to overcome several constrains in computer networks, 
including low throughput, packet-drop, bit errors, latency, jitter, and out-of-
order delivery. As Mobile Cloud services are often affected by many specific 
factors including hardware and software limitations of mobile handsets, signal 
strength of mobile networks, mobility of mobile users, provisioning of QoS 
assurance in Mobile Cloud environment requires more advanced mechanisms.  
 
Current Cloud algorithms select the best operator based on the traditional stat-
ic QoS parameters such as end-to-end delays [10], [11], [12]. Instead, Mobile 
Cloud should consider adaptive mechanisms [4], [5], [6], [9] in the regulation 
process. While the traditional QoS parameters are used to objectively measure 
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the network quality, a more recent concept, called Quality of experience (QoE) 
has become commonly used to represent user perception. Cloud-based QoE 
metrics should include parameters involved in the quality of the user experi-
ence such as delay before first image (the time it takes to see the first image of 
a streaming flow), video fluidity (i.e. average number of frames per second) 
and its variance, stream breakdown times, coding quality, and the size of the 
video stream window.  
 
Although the up-and-coming LTE/LTE-Advanced has its own QoS features, it 
does not consider either Cloud-based adaptive regulation mechanisms or QoE 
parameters. Implementation of QoE with LTE in Cloud environment is a new 
field to be explored. 
 
Handover: In contrast to wired network using physical connection, the data 
transfer rate in MCC environment is dynamically changing and bandwidth 
consistency are not always ensured. Continuous service in mobile communi-
cations is achieved by supporting handover from one cell to another. Hando-
ver is initiated either by crossing a cell boundary or by deterioration in quality 
of the signal in the current channel. Thus, poorly designed handover schemes 
will lead a dramatic decrease in QoS/QoE [13].  
 

As shown in Figure 3 to predict 
fail or success of handover connectivity, or 

blocking probability, by utilizing Erlang loss formula. 
Assumptions to be made include 1) an unsuccessful hando-

ver, because the channel in target cell is busy, is not queued 
or retried 2) handover requests are independent and following a 

possion process, 3) average throughput (or average delay) are 
exponentially distributed based on Markovian system.  Despite 

using MCC, connective will still decrease should the need of 
channel resources are not available.  
Therefore, there is a need to de-

velop a multiple-cell model to improve 
QoS/QoE handover performance in an end-to-end MCC. 
                   Figure 3 Handover in MCC 
 

Typically in Cloud, data center and resource in Internet service provider are 
remotely located from end users, especially from mobile device users. Thus in 
MCC, the network latency delay in last mile is inevitably larger than tradition-
al wired network. Furthermore, several factors including dynamically chang-
ing application throughput and user mobility will also lead to bandwidth fluc-
tuation and network overlay.  
 
Another MCC specific challenge, Off-loading of the tasks can also contribute 
for network handover delay. Meanwhile, to ensure minimal handover interrup-
tion time, LTE/LTE-Advanced has robust general minimum radio resource 
management requirements. LTE’s Mobility support for user equipment (UE) 
in connected-state comprises of two types of handover procedures: backward 
handover and Radio Link Failure (RLF) handover, and both procedures re-
quire the source Enhanced Node B or base station (eNB) to prepare a target 
cell for handover concurrently with the handover decision. Interaction be-
tween the advanced handover techniques for LTE/LTE-Advanced system and 
the unique handover challenges in MCC environment should be studied.  
 
The question is “How to achieve seamless handover in wireless mobility pro-
vided by LTE/LTE-Advanced and MCC, which comes with constantly chang-
ing environment with dynamically fluctuating traffic behavior?” 
 
4. Conclusion 
Frontier research needs to be conducted now for MCC to maximize its poten-
tial as the Mobile Cloud ecosystem is rapidly evolving globally. The Studies 
should address the following fundamental challenges: device battery lifetime, 
interaction latency, the quality of service/experience (QoS/QoE), seamless 
handover.  
 
For example, our group has been studying LTE/LTE-Advanced energy saving 
mechanisms [4], [5], [6], [9] and aiming to apply this knowledge to character-
ize MCC network behavior. In other words, we should study end-to-end whole 
architecture of MCC, instead of previous approaches focusing on either Cloud 
or 4G individually. 
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