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Abstract
Mobile crowd computing (MCC) has emerged as an ideal platform for accessing required computing services from 
public-owned mobile devices in the vicinity, not requiring to going to the Cloud. But it may happen that the service is 
not available within the network (of the consumer) always. In this case, a carrier is needed, which carries the request 
to the service provider (in another network), gets the service from it and handovers to the consumer. But the mobility 
of the service consumer, provider, and the carrier poses a great challenge in binding between them for service request 
and service exchange. Device mobility is considered as one of the performance metrics in MCC. Though it is not trivial 
to measure, the efficacy of MCC heavily depends on this metric. To mitigate this issue, in this paper, we propose a service 
provisioning model in MCC based on the mobility patterns of the above-mentioned three entities. We applied a mobility 
prediction algorithm on the UCSD dataset that comprises real-traces of 235 mobile device users for 78 days across 402 
access points (APs). In this experiment, we focussed mainly to get the information: (a) average time gap after a user con-
nects to an AP, (b) average duration he/she remains connected to an AP, and (c) a set of users who remains connected 
to a particular AP simultaneously. Knowing the mobility patterns of the service consumer, provider, and the carrier, in 
terms of the above-mentioned information, is helpful to bind them in particular time frames. This allows avoiding the 
liveness problem (consumer waits for the service indefinitely) and availability problem (carrier returns with the service 
but cannot find the consumer).

Keywords Crowd computing · Mobile computing · Mobility tracing · Mobility prediction · Relative mobility · Delay-
tolerant applications · Service-oriented computing

1 Introduction

1.1  Mobile crowd computing

The deep penetration of cellular networks and the low-
cost and affordability of the mobile devices have increased 
their popularity and usage on a massive scale. It is esti-
mated that by 2020, the shipment of smartphones (not 
including tabs) will reach 6 billion globally [1, 2]. Thanks 
to the ever-increasing capacity (hardware and software) 
of the smart mobile devices (SMDs) like smartphones and 

tabs along with increasing battery capacity and efficient 
energy management [3], they are increasingly being used 
as the primary computing device by many people. Due to 
the flexibility and mobility, these powerful SMDs can be a 
great prospect for offering computing services anywhere. 
Establishing an ad-hoc computing facility using the public-
owned (crowd’s) SMDs is known as mobile crowd comput-
ing (MCC) [4]. The widespread highspeed cellular networks 
and abundantly available internet APs have fuelled the 
feasibility of such systems where the SMDs can exchange 
computing services with peer SMDs straightforwardly. The 

 * Pijush Kanti Dutta Pramanik, pijushjld@yahoo.co.in; Prasenjit Choudhury, prasenjit0007@yahoo.co.in | 1Department of Computer 
Science & Engineering, National Institute of Technology, Durgapur, West Bengal, India.

http://crossmark.crossref.org/dialog/?doi=10.1007/s42452-020-2212-7&domain=pdf
http://orcid.org/0000-0001-9438-9309
http://orcid.org/0000-0001-6687-3056


Vol:.(1234567890)

Research Article SN Applied Sciences (2020) 2:403 | https://doi.org/10.1007/s42452-020-2212-7

MCC not only provides a cheap and flexible computing 
facility, but it also offers an energy-efficient and sustain-
able computing infrastructure [5, 6].

1.2  Mobile crowd computing vs mobile cloud 
computing

Though these two terms seem nearly homophones, they 
are different altogether. Mobile crowd computing refers 
to an ad-hoc computing setup utilising the public mobile 
devices [7] whereas mobile cloud computing typically 
refers to offloading heavy applications or tasks from 
mobile devices to the cloud [8, 9].

1.3  Asymmetrical competences of SMDs

As the SMDs have been integrated with our daily life, con-
sumers are asking for more and more effective and func-
tional services to satisfy their needs using their SMDs. This 
has led to the continuous development of sophisticated 
mobile applications (apps) that are supposed to make our 
lifestyle easier. To run most of these apps, certain hardware 
and software resources are required. But all the SMDs do 
not boast equal capacity or functionality. Some of them 
are high-end with greater capacity and can afford to host 
various types of apps, while some might have inferior 
configuration and capacity; hence, they may not afford to 
have/run the resource-demanding apps.

1.4  Proposed service provisioning scheme in MCC

Now, let us theorise an MCC environment where a low-
end SMD can get/hire the service, that it requires but does 
not have, from one SMD that has the concerned service. 
To make it simple, software and hardware capabilities can 
be delivered and consumed as services, and if an SMD (or 
its user) needs such service, it may contact one nearby 
SMD which has the service and is willing to give/lend 
that. If the service seeker (SS) is not in a direct contact of 
the service provider (SP) (they are in different networks) 
then one mediator/agent, we call it a service carrier (SC), 
may be employed which carries the service request to 
the SP, gets the service from it and handovers to SS. The 
SMD may provide the service on profit (gets something in 
return) or non-profit (doing social service) basis. Since this 
approach involves latency, it particularly suits the delay-
tolerant applications (DTA), which may afford to wait for 
the required service.

1.5  Service lending scenarios in MCC

The proposed service lending scheme in MCC can be 
used in several real-life scenarios and has a wide range 

of significant applications. MCC will play a critical role 
for anytime-anywhere computing service provisioning 
through impromptu collaboration. These services may 
include educational programs, multimedia services, busi-
ness applications, instant messaging, etc. MCC may also 
be useful for hiring network services such as routing and 
packet forwarding to other nodes. Moreover, ad-hoc envi-
ronments such as military battlefields and disaster man-
agement areas also can make use of MCC.

Consider the following real application scenarios of 
MCC to visualise the advantage of MCC better:

• Scenario 1 John, while sitting in the student canteen, 
downloads a research article that seems to be related 
to his project. But after downloading, he finds that the 
document is not opening on his SMD as it is in some 
unknown format. John has a pdf reader application 
installed in his device, and if the document could be 
converted to pdf, he could read it. But he does not have 
any such conversion app. So, he searches the network 
for a buddy, having the conversion service. And thank 
goodness, he found one such and got the file con-
verted to pdf. John is elated and dives into the paper 
without delay.

• Scenario 2 Lilly goes to a shopping mall to buy a laptop. 
The salesman shows her a couple of models from differ-
ent companies. Though the salesman tries his best to 
explain to her about the features of the products, Lilly 
wants to be sure about the advantages and disadvan-
tages, in a comparative manner, of the products the 
salesman showed her. Her smartphone is not able to 
help her because she does not have any such bench-
marking applications installed. She also tries to visit the 
websites of the companies of the products using her 
smartphone, but due to the inferior cellular connection, 
she cannot manage to open all the websites either. In 
an MCC environment, she requests for a benchmark-
ing service to an SP, in her vicinity. The SP agrees to 
help her and makes the comparison for her and sends 
her the comparison result. Satisfied with the best one 
(according to her requirements) she bought the laptop 
and went home happily.

• Scenario 3 Merry intends to fill up the library subscrip-
tion form while sitting in the college library. But the 
form is in pdf format, and she does not have the edit 
option in her pdf reader version (the pdf reader might 
be a pirated one or with a limited licence). So, she tries 
to convert it into a Word document. But again, she does 
not have the conversion software. So, she searches for 
an SP which can provide this conversion service within 
the network. Unfortunately, there was no SP available 
in the network. So, an SC comes to her rescue, which 
goes out and searches for the required service in other 
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networks. Once it finds the service, gets from that SP, 
returns to the previous network, and delivers the con-
verted Word document to Merry. But, interestingly, 
Merry is not aware of all these processes. The MCC sys-
tem took care of all these, transparently.

1.6  Issues in service provisioning in MCC

Among others, the major challenge in MCC is handling the 
issues caused by the random mobility of the participating 
SMDs which can join and leave the network any time. In 
the proposed model, what happens if the SC returns with 
the requested service and finds that the concerned SS is 
not present in the network at that time? Or what happens 
if the SS waits for indefinite time not knowing when the 
SC will return to the network with the service?

1.7  Suggestive solution

If the mobility patterns of the SMDs are studied, especially 
in a campus-based MCC environment, the in and out time 
of a particular SMD to a particular network can be pre-
dicted. And the SC and SP are selected according to the 
predicted contact time between SS, SC, and SP.

1.8  Contribution of this paper

The major highlights of this paper are as follows:

• Lays out a service provisioning model in MCC.
• Find out relative mobility and stability among the ser-

vice requester, provider, and the carrier based on their 
individual mobility pattern.

• Based on the mobility pattern, predict the contact 
times between these three entities. The mobility pre-

diction is made using the mobility prediction algorithm 
described in [10].

• The prediction is performed and tested on real data 
traces which are collected from a large number of 
mobile device users.

1.9  Organisation of the paper

The rest of the paper is organised as follows. Section 2 
mentions some related works and patents. The system 
architecture is presented in Sect. 3. Section 4 provides the 
details of the experiment, including the results and valida-
tion. The paper is concluded in Sect. 5.

2  Related works

Since the concept of MCC is relatively new, we couldn’t 
find research works that exactly matches that of the pro-
posed in this paper. Below we list some prominent works 
related to the core concepts that are essential in realising 
MCC.

2.1  Mobility tracking

Several approaches are proposed to predict the mobil-
ity of a node. Most of them use certain methods like GPS 
(global positioning system), RSS (received signal strength), 
etc. which have several limitations, as mentioned in [11], 
and listed in Table 1. Researchers tried different means 
to track human mobility by analysing their accompany-
ing devices. For example, to analyse human mobility, 
Smoreda et al. [12] discussed the data collection methods 
from mobile phones. In [13], users’ mobility is analysed and 
characterised with the data collected from smartphones 

Table 1  Summary of algorithms using different methods for calculating mobility

Algorithm Mobility predic-
tion methods

Limitations References

GPS RSS

MOBIC (Mobility Based Metric for Clustering) X √ MOBIC use RSS to measure the mobility of the 
node, and if a node receives weak signals 
then it assumes that node is far away from the 
sender, but the signal strength may degrade 
due to an obstacle or noise

[32, 33]

MobDHop (Mobility based dHop Clustering Algorithm) X √ [32, 34]
WCA (Weighted Clustering Algorithm) √ X WCA use GPS enabled devices to measure the 

location and mobility of a node, but the prob-
lem with GPS is that it is costly and not avail-
able in every device. Also, due to degraded 
accuracy, GPS is not suitable for indoor situa-
tions like inside the home and office

[35, 36]

Distributed WCA √ X [35]
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and smartwatches. Williams et al. [14] measured human 
mobility based on the user’s mobile phone records and 
GIS data. Wang and Ak yildiz [15] predicted user mobility 
with respect to a set of mobile switching cells, based on 
the aggregated history of the mobile users and system 
parameters. To determine the user’s current location, Ma 
et al. [16] considered the user’s movement and the current 
system time.

2.2  Mobility‑aware service discovery and delivery

Deng et al. [17] proposed a mobile service provisioning 
architecture for sharing services among the mobile device 
user community. Tyagi, Som and Rana [18] proposed a 
reliability-aware data delivery protocol for MANET (mobile 
ad-hoc network) based on AODV (ad-hoc on-demand 
distance vector), considering the speed of intermediate 
nodes in the route. Vadde and Syrotiuk [19] studied the 
impact of various factors such as QoS architecture, routing 
protocol, medium access control protocol, offered load, 
and mobility and their interactions on service delivery, 
based on different measures like real-time throughput, 
total throughput, and average delay. Various service dis-
covery protocols are discussed in [20] while a decentral-
ized service discovery mechanism is presented in [21].

2.3  Leader selection in mobile and wireless 
network

Several leader election algorithms and approaches are 
proposed for wireless networks [22–25], Similarly, several 
works available on leader selection in MANETs [26–31].

3  System architecture

3.1  The service provisioning model in MCC

High mobility and heterogeneous resources of the SMDs 
in an MCC environment has posed a challenge in deciding 
the right architecture for it. The three traditional architec-
tures, namely, centralised, P2P, and hybrid, can be applied 
to MCC as well.

The centralised model, where a centralised node is 
responsible for coordinating the service provisioning, is 
suitable for small-scale MCC. The main drawback of this 
model is that it is prone to congestion, single-point failure, 
and DoS (denial of service) attack.

The P2P model does not justify the notion of MCC pre-
sented in this paper. In this architecture, in the absence 
of a centralised coordinator, each SMD has to maintain 
the information of all other SMDs in the whole network. 
But the point is that if an SMD has the resources to keep 

track of all other SMDs’ various information, then it can be 
assumed that they are rich enough for not requiring to 
solicit services from someone else.

The hybrid model seems to be the most suitable for 
the concept of MCC in the context of this paper. In this 
model, all the APs are considered as different disjoint clus-
ters. Within a cluster, one leader is selected or elected. All 
SMDs within the cluster forward the service request to the 
leader. If the requested service is not available in the clus-
ter, then searching will be done in another cluster, typically 
in the clusters that are very close to the original cluster 
such as the siblings, parent, or immediate child.

If all the clusters are dense in nature, i.e. all the clusters 
are placed near to each other, then it is easy to find the 
service across the clusters; but if the clusters are sparse 
and placed far from each other and also not directly con-
nected, as shown in Fig. 1, then the mobility property plays 
a crucial role in searching as well as getting the service. 
In such cases, an SMD is selected, within the cluster, that 
has the highest mobility in the requesting cluster. It goes 
to another cluster that might have the requested service, 
collect the service, and get back to the requesting cluster 
and provide to the requesting node.

3.2  Key components

Before diving into the details, let us be familiar with the 
key components of the proposed system. Some of the 
crucial terms we encounter throughout the article are as 
follows:

Service Seeker (SS) An SMD (or SMD user) which needs a 
service that it does not have.

Service Provider (SP) An SMD which has the service that 
is requested by a SS and it (or the mobile phone user) is 
willing to lend/provide the service.

Service Carrier (SC) An SMD which, if required, carries the 
request (with necessary details) of an SS to an SP and gets 
back the result/service to the SS.

Access Point (AP) Usually, a Wi-Fi router to which the 
SMDs are connected. Also, each AP forms an individual 
cluster comprising the SMDs connected to it. The APs are 
not connected to each other.

Clusters

Mobile nodes

(a) (b)

Fig. 1  Clustering in a dense network and b sparse network
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Reference Node (RN) It is one of the most resourceful and 
highly stable SMDs in the cluster. It acts as the leader of the 
concerned cluster and is responsible for keeping the infor-
mation of all the peers within the cluster so that when it 
receives a service request form an SS, it can rightly suggest 
the most suitable SP or SC to the SS, regarding services 
that could be provided by the SMDs in the network. Under 
each AP, at any point of time, an RN should be present.

3.3  Working of the proposed system

The working of the proposed system is stepwise described 
in the following:

1. As mentioned earlier, under each AP, an RN is main-
tained, which holds the information of all the peer 
SMDs in the same network.

2. When needed, an SMD refers to the concerned RN for 
probable SP.

3. If the requested service is available within the own 
network (AP) then:

(a) RN suggests SS the most suitable SP.
(b) SS requests the SP for the service.
(c) SP provides the service to the SS.

 This scenario is depicted in Fig. 2.
4. If the service is not available in the network, the RN 

suggests a suitable SC under it that has a higher prob-
ability of moving to another network where the ser-
vice may be available and come back soon. If the SC is 
willing to do this job then:

(a) The SC takes along the request with the required 
data/inputs to another network and requests the 
RN of that network (remote RN) to suggest the 
most suitable SP (remote SP) for the job.

(b) As per the suggestion from the remote RN, the SC 
requests the suggested SP for the desired service.

(c) SC gets the service, returns to the previous AP 
(home network), and hands over the service to 
the SS.

  This scenario is depicted in Fig. 3.

Fig. 2  Service is available within the network

Fig. 3  Service is not available within the network



Vol:.(1234567890)

Research Article SN Applied Sciences (2020) 2:403 | https://doi.org/10.1007/s42452-020-2212-7

5. If the service is not found in the other network also, 
any one of the following measures can be adopted:

(a) The searching cycle might go on in other net-
works.

(b) SS can try later to get the service.
(c) The request is aborted.

The workflow of the whole system is presented in 
Fig. 4.

3.4  Issues in the proposed system

Some of the following mentioned issues are crucial and 
need to be addressed for successful implementation of 
the proposed system for service provisioning:

• Synchronisation between SS and SC Since the nodes in 
an MCC are typically dynamic in nature, it is crucial to 
synchronise the presence of SS and SC in the same net-
work. The absence of which may result in the following 
significant problems (see Fig. 5):

• Liveness problem The SS assigns the job of get-
ting the service from a different network to SC 
(Fig. 5a). But SC may not come back with the ser-
vice to the SS network, as illustrated in Fig. 5b. It 
is treated as liveness problem. The liveness prob-
lem can be avoided if an SMD is selected as SC 
that has high mobility.

• Availability problem On the contrary, it may hap-
pen that the SC returns with the service but finds 
that SS is not present in the network, as illustrated 
in Fig. 5c. To avoid this availability problem, we 
require a mechanism that makes synchronization 
between the SS and SC and so that SS remains in 
the network when SC comes back with the ser-
vice.

• Selecting a node with high mobility We just mentioned 
that a highly mobile SC could help in avoiding the 
liveness problem. Also, an SC with high mobility has 
a better chance to get a service in different networks 
at different times. Because, if the service is not avail-
able in one network, a highly mobile SMD can move 
to other networks and find the service. That implies, 
the search for service is widely propagated across sev-
eral networks. But identifying the node that is highly 

Fig. 4  The workflow of the 
proposed service provisioning 
system
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mobile is not straight forward. Several approaches are 
proposed in this regard, as discussed in Sect. 2.

• Calculating the probability and the probable time of 
meeting SS with SC again In addition to being highly 
mobile, an SC should be selected based on the con-
tact frequency with the SS. This requires calculating the 
number of times the SC comes in contact with the SS.

• Calculating the overall contact period of SC with the SP It 
is very crucial to know the approximate time for which 
the SP will remain in contact with the SC because if 
the stay-time of the SP in the network (while providing 
the service) is less than the amount of time required 
for serving the request, the purpose is not fulfilled. So, 
the contact period between SP and SC should be larger 
than that of service providing time.

• Deciding on the optimal waiting time of SS for SC to bring 
the service The SS cannot wait indefinitely for the SC to 
get the service for it. This might result in an indefinite 
lock in for a certain service. So, there should be a time-
out value for SS as well as SC to wait or search for the 
particular service.

• Permissible time an SC can spend in other networks while 
carrying a pending service request When carrying a ser-
vice request form an SS an SC cannot stay in other net-
works for a very long or very small duration. If SC stays 
for an abnormally long time outside of the network, the 
SS may starve for the service, and if the SC stays in the 
external network (from it is supposed to get the ser-
vice) for a very small duration, it may not get enough 
time to receive the service. Therefore, finding out the 
optimum time duration an SC can stay in another net-
work is very important.

• Weighing the reliability of SC How to be sure that the 
designated SC will surely get the service? Due to sev-
eral reasons (intentional or circumstantial, SC may not 

deliver the service to the SS, even after agreeing to do 
that. Though exact assessing is not trivial, an approxi-
mation should be made on the reliability of SC in get-
ting the service assuredly. To tackle this problem, the 
SC can be incentivised so that they will find interest in 
delivering the service to SS successfully.

3.5  Essential criteria of the key components

From the above discussions, now we are able to get a clear 
depiction of the desirable properties of the key compo-
nents mentioned in Sect. 3.2.

SS Ideally, should be stable in the network, so that 
whenever SC returns to the network, it should be avail-
able to receive the service.

SC Since SC plays a crucial role in getting the requested 
service while selecting an SMD as an SC, the following cru-
cial factors should be considered:

• A node with high mobility should be chosen as an SC 
since the highly mobile node has a high frequency of 
changing its position and comes in contact with differ-
ent networks and thus, having a high probability that 
it will search the service providing node faster.

• In spite of the high mobility, the SC should regularly be 
in contact with the SS for service delivery.

• The SC should be present in the network of the SP for 
sufficient duration so that it can receive the service fully 
and successfully.

• The SC should have sufficient memory to carry the ser-
vice request and the service itself.

SP Ideally should be stable in the network. If not, then, it 
should be stable at least for the contact period with SC so 
that the service can be provided completely to SC.

Fig. 5  Availability and Liveness problems
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RN The RN is also an important entity which should have 
the following characteristics:

• Ideally, should be very much stable in the network.
• It should be active enough to retrieve the information 

of the SMDs whenever they enter the network.
• To store the information of all other SMDs, the RN must 

have sufficient hardware and software resources.
• It should have adequate decision-making capability for 

suggesting SP and SC.

4  Materials and methods

4.1  UCSD dataset

To implement our system for finding relative mobility, we 
used the UCSD trace dataset,1 obtained from the Univer-
sity of California, San Diego (UCSD). Marvin McNett and 
Geoffrey M. Voelker of the University of California, San 
Diego conducted a study of the movements of as many 
as 275 students of the university for the period from 22nd 
September 2002 to 8th December 2002—a total of 78 days 
[37]. The trace data was collected for 402 APs within a 
range of approximately 130 m × 130 m square area. In the 
trace collection, the users were given a Jornada personal 
digital assistant (PDA) which recorded the trace informa-
tion with the help of a data collection tool called Wire-
less Topology Discovery (WTD), an in-house developed 
software. The WTD software sampled and collected the 
trace data before uploading them periodically to a server. 
The users are identified through the Media Access Control 
(MAC) addresses of their devices’ wireless network cards. It 
is assumed that there is a one-to-one mapping between 
users and wireless network cards. However, the mapping is 
anonymous, i.e. there is no mapping between usernames 
and MAC addresses.

After a user’s device was powered on, the WTD soft-
ware collected the following data periodically during the 
11-week trace period:

• The signal strength of each detected AP.
• MAC address of each AP that was detected.
• Current AP association.
• The version number of the WTD program.
• Type of device (Jornada 548 or 568).
• Power state the device is running on (connected to an 

AC socket or using battery power).

It is to be noted that the WTD program recorded the 
MAC address of all APs that were detected by the PDA, 
not only the AP the PDA was associated with at the time 
of sampling. This is evident from the recorded data con-
tained in the trace file wtd.csv (described later in this sec-
tion). A sampling of data was done with a time interval of 
20 s, i.e. the WTD software recorded data after every 20 s. 
During data collection, when the local data file reached a 
critical size, the WTD software contacted the data collect-
ing server and uploaded the file at the next opportunity. 
A feature of the WTD software was that it automatically 
checks the server for new updates and downloads and 
installs them, so that it may adapt to unexpected prob-
lems if necessary.

Key terms The key terms used in the trace data analysis 
are as follows:

• User A user is someone who has a mobile device con-
nected to one of the AP in the context.

• AP session An AP session is a contiguous time period for 
which a user’s device was associated with a particular 
AP in the UCSD campus.

• User session A user session is a contiguous time period 
in which a user’s device is powered on and is able 
to detect the signals of nearby APs. A user session 
includes the user’s movements among different APs.

Contents The dataset contains three files, namely, ap_
locations.csv, README, and wtd.csv. The files ap_locations.
csv and wtd.csv are trace files containing the data recorded 
by the UCSD researchers and README, a text file, is the 
metadata file of these two trace files.

The file ap_locations.csv is a file of comma-separated 
values comprising 4 fields as follows:

• AP_ID: Unique identifier assigned to the AP.
• X_COORDINATE: X-coordinate (in feet) of AP w.r.t. cam-

pus coordinate system.
• Y_COORDINATE: Y-coordinate (in feet) of AP w.r.t. cam-

pus coordinate system.
• Z_COORDINATE: Z-coordinate (in feet) of AP w.r.t. cam-

pus coordinate system.

The file wtd.csv is a file of comma-separated values 
comprising 7 fields as follows:

• USER_ID: Unique identifier assigned to the user.
• SAMPLE_DATE: The date the sample was taken by the 

WTD software.
• SAMPLE_TIME: The time the sample was taken by the 

WTD software.
• AP_ID: Unique identifier assigned to the detected AP.1 http://sysne t.ucsd.edu/wtd/data_downl oad/wtd_data_relea 

se.tgz.

http://sysnet.ucsd.edu/wtd/data_download/wtd_data_release.tgz
http://sysnet.ucsd.edu/wtd/data_download/wtd_data_release.tgz
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• SIG_STRENGTH: Strength of AP signals received by the 
device.

• AC_POWER: Whether the device used AC power (1) or 
battery (0).

• ASSOCIATED: Whether the device is connected to the 
AP (1) or it is in the range but not connected (0).

It is to be noted that the trace file wtd.csv and the 
metadata file README, both do not mention the field 
SAMPLE_DATE, probably due to the human error or as 
per the researchers’ discretion. A snapshot of the 3D view 
of APs are shown in Fig. 6, and the snapshots of the files Fig. 6  Snapshot of the 3D view of APs

Fig. 7  Snapshot of the file 
ap_locations.csv

Fig. 8  Snapshot of the file wtd.
csv
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ap_locations.csv and wtd.csv are shown in Figs. 7 and 8, 
respectively.

4.2  Our work with the dataset

In this section, we outline what has been done on the 
dataset and why.

4.2.1  Summary of the work performed

We performed the following operations on the original 
wtd.csv file in steps to obtain information:

1. Eliminate all the users with associated value ‘0’ and 
create a separate file which includes all the users with 
associated value ‘1’.

2. Find out the average time gap (in seconds) after which 
a user comes back and reconnects to the AP, he/she 
was connected to earlier. We calculate separate aver-
age time connection per AP for every user in the net-
work and name these files on the name of users, for 
example, the file of user with ID ‘1’ is saved as 1.avg.txt.

3. Find out at least four users who are connected to a par-
ticular AP at the same time. For example, four users—
user ‘32’, user ‘54’, user ‘97’ and user ‘21’ are connected 
to AP ‘245’ at time 13:12:54, 13:12:57, 13:12:46, and 
13:13:00 respectively. Here, the maximum time differ-
ence is 14 s, which is not much, hence ignored; i.e., 
we consider that they are connected at the same time 
frame.

4. To find such combinations, we write a program in 
Python and identify a set of four users who are con-
nected at the same time with a particular AP.

5. Calculate average connection time (ACT) (the aver-
age time a user is connected to a particular AP) of the 
users.

4.2.2  Expected output

After performing the above-mentioned operations, we get 
the followings:

(a) Average time (in seconds) after which a user connects 
to an AP.

(b) Average duration (in seconds) a user remains con-
nected to an AP.

(c) A set of 4 users who are simultaneously connected a 
particular AP.

The first (a) and second (b) types of information are use-
ful to find out the movement of the users that at which 
time the user will come again in contact with the AP and 
how much time a user spends. And the third information 

will help to find the expected future location (AP) of a 
group of users, i.e. when they will be in contact with that 
particular AP.

4.3  Details of operations performed to process 
the UCSD trace file

In this section, we discuss, in detail, the operations that we 
performed on the UCSD trace file wtd.csv for extracting the 
information that we required to implement our proposed 
architecture.

4.3.1  Remove noise

First, we filter according to the ASSOCIATED value avail-
able from the downloaded wtd.csv file. This value is used to 
calculate/identify the neighbours of a node (user). To make 
it clear, suppose three nodes at a time are in the range 
of an AP but the first node is only connected to this AP 
and the second and the third nodes are not connected or 
connected to some other AP. Then, they can be treated as 
neighbours of each other. To eliminate entries with ASSO-
CIATED value ‘0’ (i.e., not connected), we write a program 
in Java which use MySQL in the backend to access the file. 
Snapshot of the output is shown in Fig. 9.

Fig. 9  Snapshot of the dataset after eliminating not connected 
entities
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4.3.2  Calculate the time gap after a user returns 
to the network again

After doing away with the unwanted values (nodes that 
are not connected), we aim to estimate the average time 
period after which a user comes back to the contact 
(ASSOCIATED) with the particular AP. A Python program 
is written for this, which considers the details of the con-
nected nodes (users) during the data tracing period, i.e. for 
78 days. Figure 10 gives an idea of the average time after 
which a user gets connected to a particular AP.

This is important to get rid of the availability problem. 
Based on this information, the SMD that is highly mobile 
and has a high possibility of meeting with the SS after get-
ting the service from the SP is selected as SC.

4.3.3  Identifying a group of SMDs connected to an AP 
simultaneously

To continue our experiment, we create a find group of 4 
users who are connected to an AP at the same time. An 
instance of such set is shown in Table 2. It can be observed 
that a group of 4 users are connected to AP ‘354’ on 24-sept 

between 13:00:51 to 13:01:08. In this table, there are 6 col-
umns as follows:

• USER_ID indicates a device unique ID which is carrying 
by the user.

• SAMPLE_DATE shows the time at which the record is 
taken.

• SAMPLE_TIME shows the time of connection.
• AP_ID indicates connected AP with the user.
• ASSOCIATED, as mentioned earlier, denotes the active 

connection.
• AVERAGE is the ACT after which a user is connected to 

that AP.

4.3.4  Selecting the reference node

From Table 2, we select an SMD as an RN. To find the RN, 
we calculated the ACT of the SMDs, which indicate how 
long an SMD is available in the network and how many 
occasions and for how long they are disconnected. This is 
important for a node to active in the network to provide 
or access services.

We divide a day into 12 sessions of 2 h each and track 
the movement of the SMDs for each session. For example, 

Fig. 10  Snapshot of ACT of all 
the users to a particular AP

Table 2  Sample table for four 
users

USER_ID SAMPLE_DATE SAMPLE_TIME AP_ID ASSOCIATED AVERAGE 
(in secs.)

208 24-sept 13:00:51 354 1 180
242 24-sept 13:00:59 354 1 40
41 24-sept 13:01:03 354 1 1481
232 24-sept 13:01:08 354 1 2493
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the first session of 2 h’ starts from 00:00:00 to 02:00:00, 
and we calculate ACT of User 42, User 208, User 232, and 
User 242 in this time interval. Similarly, the ACTs of these 
users are collected for all sessions, as shown in Table 3. 
Using these ACT, we calculate average time and standard 
deviation.

To calculate the mean of ACT, collected for different ses-
sions, we use Eq. 1.

Where, µ ⇒  Mean, s ⇒  No. of sessions, xi ⇒  Values, 
N ⇒ Total no. of values.

For calculating the standard deviation, we use Eq. 2.

(1)� =
1

N

s∑

i=1

x
i

Where, σ ⇒ Standard deviation, N ⇒ Total no. of values, 
xi ⇒ Values, µ  ⇒ Mean of N values.

Using the mean value and the standard deviation, we 
spot the user (SMD) that stays in the network for most of 
the time. Within the considered 4 users, we find out that 
User 41 is more frequently available in the network. For 
comparative demonstration, ACT graphs of User 41 and 
User 208 are shown in Fig. 11.

From Fig. 11a, it can be observed that the ACT of User 
41 is close to its mean and standard deviation, which 
shows that there is less variation in the ACT. Whereas, 
in Fig. 11b, we can see that there is a large difference 
between standard deviation and ACT of User 208, and 

(2)� =

√√√
√ 1

N

N∑

i=1

(
x
i
− �

)2

Table 3  ACT of four users

Session Connection time (in secs.)

User 41 User 208 User 232 User 242

1 1280 1260 0 0
2 0 930 0 0
3 0 0 0 0
4 0 0 0 0
5 1730 80 20 0
6 453.33 455 1760 0
7 1213.33 0 0 0
8 1345 0 0 0
9 933.33 4220 0 0
10 180 7060 0 0
11 410 6320 0 0
12 200 3540 0 0

Fig. 11  Average connection time graph of a User 41 and b User 208

Table 4  The relative stability of 4 users

Time interval Relative stability

User 41 User 208 User 232 User 242

8 0.666667 0.125 0 0
16 0.416667 0.45833333 0 0
24 0.375 0 0 0
32 1 0 0 0
40 0.479167 0.0833333 0 0
48 0 0.2833333 0 0
56 0.15625 0.125 0 0
64 0 0.0833333 0 0
72 0 0 0.3563 0
80 0 0 0.25 0
88 0.041667 0 0 0
96 0.59375 0 0 0
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the variation of ACT is more than User 41. So, we con-
sider User 41 as a better choice to be an RN.

4.3.5  Assessing the relative stability

Another decisive criterion for choosing an SMD as an RN 
is relative stability (RS). To calculate the RS of each user, 
we use the algorithm proposed in [7], as shown in Eq. 3. 
The RSs of the four users in consideration are shown in 
Table 4.

where sx
t
 ⇒ Relative stability, mx

t
 ⇒ Current neighbour list 

and is defined by Eq. 4.

(3)s
x

t
=

1

s

t∑

i=t−x

m
x

t

The RS graphs for User 41, User 208, User 232, and User 
242, obtained from Table 4, are shown in Fig. 12.

From Fig. 12a, it can be observed that the RS for User 41 
is varying very close to the standard deviation and mean, 
which are almost equal. In the case of User 208 also, the 
RS is varying around standard deviation, as can be seen in 
Fig. 12b. But the difference between mean and standard 
deviation is much higher for User 232, and this user is not 
active/relatively stable for most of the time, as can be seen 
in Fig. 12c, hence, not suitable as the RN. User 242 is not 
active at this duration (Fig. 12d). So, comparing these 4 
graphs, we found that User 41 and User 208 are the two 
choices to be selected as the RN. But the ACT of User 41 is 

(4)m
x

t
=

||Nt−1
∩ N

t
||

||Nt
||

Fig. 12  Relative stability graph of a User 41 b User 208 c User 232 d User 242
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better than User 208; therefore, we select User 41 as the 
RN.

4.3.6  Calculate the latency of the users in returning 
to the AP

Now, we estimate when a user returns to the previous AP 
after it left. It is important because if a SS leave the AP, 
it should come back as soon as the service is available 
which is brought by an SC. Similarly, for an SC also, it is 
crucial to return with the service as soon as possible. To 

calculate the return time, we use the ACT of the users. 
For this calculation, we use Table 5, which includes all the 
values required to calculate. An instance of the four con-
sidered users is shown in the table. It can be seen that 
the SCs (User 208 and User 242) returns to the network 
after 0.085 days.

Figure 13 shows the arrival time of the four users when 
they return after leaving the A; in this case, AP 354. User 
41 and User 232 are SSs, which require services and User 
208 and User 242 are SCs, which are mobile in nature and 
supposed to bring service to the requesting node.

Table 5  Future date and time of connection

SS SC Time after which SC returns in 
the network

Contact day and time (approx.) SCs connect with the SSs 
(connected/not connected)

User 41, User 232 User 208, User 242 0.085 days 24-Sept 13:30:00 Yes

Fig. 13  Predicted arrival time of a User 41 b User 208 c User 232 d User 242
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The estimated time of returning of User 208 and 
User 242 to the AP is at 13:30:00, as shown in Table 5. It 
is assumed that they bring the service along with them. 
Hence, at that time, the SSs, i.e. User 41 and User 232, 
should be present in the network to receive the requested 
services.

The standard deviation is used to measure variation 
between the ACT of the sessions. From Fig. 13, it is evi-
dent that though the users seem to be roaming around 
the campus across the sessions, they all are connected to 

the particular AP (354) between session 6 and 7, which 
indicates time duration 12:00:00 to 14:00:00, and this is in 
range of our predicted time (13:30:00).

4.3.7  Validating the proposed mobility estimation scheme

Now let us check how our proposed approach for estimat-
ing the relative mobility works in a different scenario. Let 
us consider that User 41 and User 208 are the SSs (which 
request for services that are not available in the network) 

Table 6  Future date and time of connection

SS SC Time after which SC returns in 
the network

Contact day and time (approx.) SCs connect with the SSs (con-
nected/not connected)

User 41, User 208 User 232, User 242 1.183 25-Sept 16:00:00 No (User 41 and User 208, both 
are not connected with AP 
354)

Fig. 14  Nodes did not arrive on the predicted time
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and User 232 and User 242 are the SCs. The estimated 
time of returning of User 232 and User 242 to the AP is at 
16:00:00 on 25-Sept, as shown in Table 6.

Now, let us check if the SCs can deliver the service to 
the SSs at the time of contact. As we have seen, accord-
ing to our estimation, the predicted time of contact is 
25-Sept at 16:00:00 pm (approx.), which belongs to session 
8 (14:00:00–16:00:00). From Fig. 14, we can see that at that 
time, User 208 and User 41 are not active; and User 242 is not 
active on 25 Sept, whereas User 232 is active on that session 
but connected to some other AP which are not in the range 
of the SS. So, SSs are not able to get the requested service 
from the SCs on the predicted time.

In the first case (Fig. 13), users arrived at the predicted 
location on time, but in the second case (Fig. 14), the same 
does not happen. So, using these two scenarios, we can 
conclude that to predict the future time on which SS and 
SC may communicate, a fixed pattern is required.

5  Conclusions and future scope

Though mobile crowd computing is a brilliant opportunity 
for sharing computing services in a flexible and ad-hoc 
manner, the failure in addressing the mobility factor of 
the participating mobile devices will lead to an unsuc-
cessful implementation. The mismatch in the contact 
time between the service consumer, provider, and the 
carrier (that acts as a mediator to exchange the service 
between the provider and the consumer) will prohibit 
in exchanging the service. Hence, it is very important to 
know when they will be in contact with each other so that 
the service can be exchanged. In a mobile setup, it is not 
trivial to know. But if the mobility patterns of the devices 
are tracked, the location of the devices and the duration 
for which they remain in a network can be predicted. In 
this paper, applying a mobility prediction algorithm on a 
dataset of real mobility traces, different mobility-related 
information are extracted. These information are utilised 
in selecting the service carrier and the provider so that 
the availability (consumer waits for the service indefinitely) 
and liveness (the carrier returns with the service but can-
not find the consumer) problems can be averted. The 
shortcoming of this work is that the dataset that is used in 
the experiment is not wide enough; it is only of 78 days. 
And also, the traces do not follow a fixed pattern whereas 
our proposed model is based on a fixed mobility pattern 
because, in real life, most people do their task in a fixed 
pattern like they wake up in the morning, take breakfast, 
go to their work, stay at the workplace till evening, return 
back to their home and, generally, follow the same pattern, 
except holidays. So, experimenting with a dataset of fixed 
mobility patterns would have yielded a better prediction.
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