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Abstract—Data collection has always been a major challenge 

in sensor networks and various techniques have been 

proposed to enable efficient data collection. One such 

methodology is the use of mobile elements within the 

existing infrastructure to enable data collection. The paper 

proposes the use of existing mobile elements like mobile 

phones which have enough spare capacity to act as data 

carriers within a sensor network to carry sensor data. With 

advent of technology, mobile devices have become so 

powerful that they can work in a pervasive environment and 

make decisions based on context information like presence, 

location etc. Our proposal is an intelligent heterogeneous 

network in which the sensor nodes act as the data 

accumulators and the context-aware mobile phones act as 

data carriers of the sensed data. A framework that enables 

the mobile node and sensor node communication over 

Bluetooth is proposed and a p implementation is presented. 

I. INTRODUCTION 

Wireless sensor nodes are gaining more and more 
popularity with increased amounts of research in this area 
due to their versatile list of application. The sensor nodes 
are power constrained small sensing devices capable of 
measuring and monitoring the environment [1]. Recent 
advancement in technology has increased the popularity 
of mobile devices like mobile phones, personal digital 
assistant, smart phones etc. These devices comprise spare 
resources for processing, and communication that can be 
used as a bridge to enable sensor data collection. These 
powerful mobile devices are context aware, hence 
forming a intelligent heterogeneous network as depicted 
in Figure 1 in which data generators namely sensor nodes 
work at a lower level and intelligent data collectors act as 
data carriers for the sensor data. 

Figure 1: Intelligent Heterogeneous Network 
Here by context we represent mobile devices context 

including current location, future location and direction 
of travel. This context information can be used by the 
mobile device to compute a cost efficient data collection, 
negotiation and delivery strategy. Hence we look into 

harvesting existing mobile infrastructure as an access 
network for cost efficient sensor data transmission. Here 
the cost includes the cost involved in communication, 
power spent on communication by the sensor node, time 
involved in data delivery and the infrastructure setup cost. 
 
This paper proposes data collection within sensor 

nodes using context aware mobile elements in the 
surrounding as data carriers to form an intelligent 
heterogeneous network. These mobile elements are 
existing elements and are not introduced to enable sensor 
data collection. Lot of research has gone into exploring 
the use of mobile elements for data collection. But our 
approach makes use of a more novel technique where 
context aware pervasive devices are used as data carriers.  

II. DATA COLLECTION – AN OVERVIEW 

A sensor network is a data centric network which 
comprises distributed sites of information represented by 
sensor nodes contributing data sensed [2]. They are 
producer of valuable data that needs to be collected in a 
cost efficient manner. The cost includes cost of 
communication, power consumption and time involved in 
communication. Data collection can be classified into 
Data Collection using static nodes and Data Collection 
using mobile elements. Since our focus is on mobile 
device based data collection, the literature looks into the 
use of mobile elements for data collection and not into 
traditional based multi hop and clustering based 
techniques. 
 
The idea of using mobility within sensor network to 

collect data from sensor nodes has been discussed by a 
number of researchers [3, 4, 5, 6, 7, 8, 9, 10]. The use of 
mobility to improve performance in Ad-Hoc networks 
has been proposed in ZebraNet project and Manatee 
project [3]. These mobile elements can be introduced or 
existing mobility in the environment can be used to 
achieve mobility. The use of mobility can be classified 
broadly as Random mobility, Predictable mobility and 
Controlled mobility. 

 
Kansal et al. [4, 12] presents a work on using 

controlled mobility for data collection in sensor networks. 
Shah et al. [3] and Sushant et al [12] present Data Mules 
that makes use of random mobility for data collection. 
Chakrabarthi et al. [11] proposes a novel way of using 
predictable mobility to collect data from sensor networks 
that are distributed over an area.  



III. DESIGN CONSIDERATIONS 

Our proposal of using mobile phones as data collectors 
is motivated by the fact that mobile phones have enough 
spare capacity for processing and communicating. Hence 
they can be used as a means to collect sensor data and 
transfer it to the sink. To use mobile nodes as a shared 
network resource, the mobile nodes need to be context 
aware, enabling them to communicate with sensor nodes, 
negotiate and deliver data to the sink. The context aware 
mobile nodes work within an environment, which, we 
describe as a virtual personal area network (VPAN) [13]. 
The VPAN as depicted in Figure 2 depicts VPAN, our 
vision of the future. A VPAN is an imaginary boundary 
within which the devices are location and context aware 
and can communicate with any other device irrespective 
of the type of the device. 

 
Figure 2: Virtual Personal Area Network (VPAN) [13] 
The context in the VPAN is assumed to be a 

distributed context, part of which, is available on the 
mobile node and the rest is available within the VPAN 
environment. The system architecture proposed in the 
paper focuses mainly on the mobile nodes system 
framework which enables it to communicate with the 
sensor node and make decisions on sensor data collection 
and delivery. 

A. System Framework 

Figure 3 illustrates the architecture of the proposed 
system. The context part proposed in the paper is a 
preliminary step towards the use of context information 
to enable the mobile node to obtain current location and 
environment information. The external context server is a 
context server external to the system that is accessible to 
the mobile node as long as it is within the VPAN. The in 
build tiny context has presence and user calendar 
information from which it can get information on user’s 
next possible location and his presence information i.e. if 
the user is where he is supposed to be. 

 

 
Figure 3: Architecture of the system on the mobile node 

The message parser is responsible to parse messages 
that are sent between the mobile node and the sensor 
node and between the mobile nodes. There are two types 
of messages, control messages and data. Figure 4 shows 
the format of the control and data messages respectively. 

 

 
Figure 4: Message Format 

The node discovery and management is responsible to 
discover nodes in the surrounding and store the address of 
any node that communicates with the mobile node along 
with its location and the activation schedule. This is 
useful since, the next time the mobile node is in the same 
location, it can decide to communicate with the sensor 
node if the sensor node responds. The pseudo code in 
Figure 5 illustrated the node discovery and management. 
 

 
Figure 5: Node Discovery and Management 

IV. IMPLEMENTAION 

The proposed architecture is a framework for further 
development. To prove that the model is feasible, we 
have implemented a prototype implementation that makes 
use of the framework to enable mobile nodes to collect 
data from sensor nodes and deliver it to a sink. Since our 
implementation is dependent on context, we take into 
consideration specific scenario where augmentation of 
context is more feasible. 
 
The sensor node that we chose for our implementation 

is Mulle [14] a COST sensor network node developed at 
the EISLAB, Luleå University of Technology, Sweden. 
The Mulle is a generic wireless sensor node that uses 
Bluetooth for its communication. The Mulle used for 
implementation has an onboard temperature sensor. Our 
proposal of using spare capacity of mobile nodes as a 
access data network needs to work with sensor nodes that 
run standardized protocols, so that they can communicate 
with any mobile device. Since Bluetooth is now a 
commonly available stack on almost every mobile phone 
when compared to zigbee [17], we use a sensor node that 
talks Bluetooth over standard IP based protocols.  

if (device available for connection) 

then 

 scan for nodes 

 if (node not in existing list) 

  obtain node information 

  obtain activation schedule 

  make node active 

 else 

  communicate with the node 

  if (response = false)  

  increment inactive counter 

          if (inactive counter = val) 

   declare node inactive 

end 



A.  Activation schedule 

The Mulle has an activation schedule [15] which it 
uses to switch between its operational modes namely 
passive, active and time synchronous. In active mode, the 
Bluetooth radio is on and listens for incoming 
connections. In passive mode, it is in sleep mode and 
hence most power conservative mode. In the time-
synchronous mode, the Mulle alternates between the 
passive and the active mode at specific defined time 
intervals. 

B. Event based connection 

In most cases, periodic transmission of sensor data 
would not be necessary. Hence we look into an event 
based approach where we define the event as an activity 
that that is triggered by the change in the parameter being 
monitored by the sensor node.  

∆T > Ta - α T  

∆T -> Max temperature difference 
Ta -> Actual temperature 

α T -> Predefined temperature threshold 

 

If the difference in temperature ∆T is greater than the 
pre-defined threshold value Ta - α T, then the Mulle 
moves from its passive mode to an active mode becoming 
ready to transmit data. Once a device locates the Mulle, 
the Mulle transmits the message to the mobile node over 
a Bluetooth connection. This approach is represented in 
Figure 6 where the other two connections depict the time 
synchronous operation of the Mulle where it wakes up 
every t seconds to offload data to near by mobile node 
data carrier. 

 
Figure 6: Event based Mulle working 

C. Implementation Scenario and Assumptions 

For implementation purposes, we implemented the 
Bluetooth Mulle functionalities on a PDA. The PDA 
based sensor node is very similar to the Bluetooth Mulle 
since it uses the standard Bluetooth stack with IP based 
protocols for communication. Since the implementation is 
a proof of concept, we looked into the challenges of 
implementing the framework in the mobile node and 
enhancing the Mulle to facilitate activation schedule and 
event based connection.   

The mobile node that collects data is a PDA based 
smart phone that can talks to the Mulle over Bluetooth 
and can use GPRS and WLAN for communication with 
the sink. The scenario for our implementation is a 
building environment shown in Figure 7. Since most 

buildings infrastructures have WLAN connectivity, we 
assume that the cost of communication over WLAN is 
free and hence WLAN is used over GPRS. The sink node 
is a Bluetooth enabled laptop that can also talk to the 
mobile nodes over WLAN. Hence urgent messages are 
sent over WLAN while regular alive messages are sent 
over Bluetooth. For the current implementation, we 
consider the delivery of messages over Bluetooth and 
over the WLAN as free to use communication. Hence the 
current implementation does not look into the 
complexities of using an accounting component on the 
sink to negotiate credits with the mobile node. Both the 
PDA’s run Windows Mobile 2003 edition and the 
implementation is done using Microsoft .Net Compact 
Framework 2.0. The PDA is equipped with a class 2 
Bluetooth module that has a radius of 10 meters. The sink 
is a IBM T42 laptop that runs the BlueSoleil stack [16]. It 
runs the sink software written using Microsoft .NET. The 
Mulle’s activation schedule is implemented in such a way 
that the node wakes up once in every 4 hours to send 
alive messages and the value of α T is set to 23 and ∆T is 
set to 5.  

 

 
Figure 7: Building Scenario 

The Mulle’s activation schedule is preloaded. Hence it 
wakes up at specific time durations to transfer the data to 
the mobile node. The mobile node which is the PDA 
smart phone, when in the area, collects context 
information about the location and the duration of its stay 
at the location. This is useful since, the mobile node 
might not want to talk to the sensor node and abruptly 
disconnect the connection. Once it determines that it can 
spend sometime to do data collection, it scans the 
surrounding area for Mulle. The sensor nodes are named 
as EISMULLE1 to n. Hence once the node is discovered, 
the mobile node communicates with the Mulle using 
Bluetooth serial port profile. The Mulle negotiates with 
the mobile node using a 2 bit control message as shown 
in Figure 8. 

 
Figure 8: Control Bits 

 The sink can accept multiple connections from mobile 
nodes. The mobile node offloads the data to the sink. The 
sink uses the timestamp to sort old sensor data to new 
ones. For our preliminary test setup, we used two PDA 
based sensor nodes and one mobile node that moves 
around collecting data.  

00 -> Ready 
01 -> Stop 
10 -> Start 
11 -> Wait 



V. PRELIMINARY RESULTS 

We have computed an energy model that gives the 
energy spent by the node while transmitting and receiving 
Tbits of data over distance D.  
 

Total Transmitting Energy = fETX(Tbits,D) + Econ * Rcon + Ecpu 
Total Receiving Energy = fERX(Tbits,D) + Ecpu + Econ * Rcon 
Total Energy Spent = (Ecpu + Econ * Rcon) *  (fERX(Tbits,D) + 
fETX(Tbits,D)) 

 where 
Ecpu  - CPU, Etx - Transmission Energy, Erx - Receiving Energy , 
Tbits - Number of bits transmitted ,Econ - Total energy consumed 
during connection ,Rcon - Total times of re-connection 

 
 fETX(Tbits,D) is a function of energy consumed for 

transmitting Tbits of data over distance D. We evaluated 
the system by calculating the influence of distance over 
the time taken to deliver the data of sizes 10, 20 and 
40Kb from the node to the mobile device. The exact 
value in terms of power consumption is still a work under 
progress. The results are shown in Figure 9.  
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Figure 9: Influence on time over increasing distances & 

data sizes 
The linear curve represents a gradual increase in time 

as the distance increases. This is also consistent as the 
size of the data increases with increased amounts of time 
for huge amounts of data. Measuring the exact power 
consumed is a work under progress. We infer from these 
results that distance does influence the time taken to 
transfer data and we expect the same with power 
consumption. Hence reducing the distance of data 
collection will result in a cost efficient data collection 
approach. 

VI. CONCLUSION AND FUTURE WORK 

The paper has proposed the use of context aware 
mobile devices as data carriers for sensor data. The 
mobile nodes have enough spare capacity to form a 
distributed shared access network that can be used for 
sensor data collection and delivery. This is made possible 
with available powerful and context aware mobile 
devices that can work in pervasive environments like 
VPAN. The paper has proposed the architectural 
framework of the components on the mobile node that act 
as the data carrier. Since the mobile node works within 
the context aware VPAN space, the node is intelligent 
enough to arrive at decisions on possible future location 
and direction of travel as illustrated in the paper. This 
proposal presents a basic idea behind the usage of context 
aware mobile devices with spare capacity to build an 
access network that can be used for various applications. 

The preliminary results are encouraging showing how the 
framework can enable efficient data collection by 
reducing transmission distance and hence increasing 
sensor network life. Further work and experimentation is 
being done to get more accurate results on power 
consumed and development of a robust accounting model 
for credit distribution on data delivery.  
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