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ABSTRACT The Internet of Things (IoT), which could connect everything in the world, is promising
for the realization of smart cities. However, vehicles connected in the IoT challenges data collection and
transmission. Socially aware networking is an emerging paradigm for high-ef�ciency data dissemination.
Existing protocols take advantage of mobile nodes’ social characteristics (e.g., user interest) to improve
dissemination performance. However, they have not exploited enough of what relations are valuable
between user interests and how these relations can affect the dissemination of social IoTs. This paper takes
advantage of interest inclusion and intersection to solve the dissemination problem in a conference scenario.
By constructing the structure of the Interest Tree to solely represent the relations of interest inclusion and
interest intersection, we integrate vehicles’ social factors into their geographical information, and introduce
the concept of geo-social distance (GSD) as the basis of the proposed strategy. Simulation results demonstrate
the superiority of our presented method by comparing with two other existing protocols in terms of
four objective metrics, which include delivery ratio, overhead, hop-count, and average latency.

INDEX TERMS Data dissemination, geo-social distance, interest intersection, IoTs, socially aware
networking.

I. INTRODUCTION
For the sake of enhancing transportation safety, relieving
traf�c congestion, reducing air pollution, and promoting the
comfort of driving, all the devices in intelligent transportation
systems are encouraged to be connected in the era of the
Internet of Things (IoTs). Internet of Vehicles (IoVs), as one
of the core members of IoTs, has received widely attention
due to their advantages for the construction of smart cities.
Social IoVs (SIoVs) can be viewed as the Social IoTs (SIoTs)
in the vehicular network scenario, where vehicles are the
social individuals in the machine-to-machine vehicular social
networks and perform as sensor-hub to obtain surrounding
information by the in-vehicle or smartphone sensors [1].

In smart cities, it is encouraged to enable all kinds of
objects possessing embedded processors and capability for
information interaction through wired or wireless connec-
tions, by which safe and convenient environment can be

offered for the ever-increasing interconnection and inter-
operability among intelligent objects. Short range wireless
communication technologies enable human beings to contact,
constitute a social network, and share information whenever
and wherever possible. The embedded sensing technologies
and network interfaces facilitate the devices owned by human
beings to mine various social information and accelerate
the sharing process in the meantime. The social information
disseminated throughout the network reveals the individuals’
social relationships and characteristics. By exploiting social
relationships, researchers have proposed several solutions
to solve networking problems like routing and forwarding,
and data dissemination in the context of socially aware
networking [2].

The existing social concepts include community, inter-
est, social tie, and so forth. People constitute a community
when they share common interests or are related by families,

1444
2169-3536 
 2016 IEEE. Translations and content mining are permitted for academic research only.

Personal use is also permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

VOLUME 4, 2016





J. Liet al.: Geo-Social Distance-Based Data Dissemination for Socially Aware Networking

[19] K. M. Alam, M. Saini, and A. El Saddik, ‘‘Workload model based
dynamic adaptation of social Internet of vehicles,’’Sensors, vol. 15, no. 9,
pp. 23262�23285, 2015.

[20] P. Costa, C. Mascolo, M. Musolesi, and G. P. Picco, ‘‘Socially-aware
routing for publish-subscribe in delay-tolerant mobile ad hoc networks,’’
IEEE J. Sel. Areas Commun., vol. 26, no. 5, pp. 748�760, Jun. 2008.

[21] M. Chuah, P. Yang, and P. Hui, ‘‘Cooperative user centric information
dissemination in human content-based networks,’’ inProc. 16th IEEE
Int. Conf. Parallel Distrib. Syst. (ICPADS), Nagoya, Japan, Dec. 2010,
pp. 794�799.

[22] F. Bjurefors, P. Gunningberg, E. Nordström, and C. Rohner, ‘‘Interest
dissemination in a searchable data-centric opportunistic network,’’ inProc.
2010 Eur. Wireless Conf., Lucca, Italy, Apr. 2010, pp. 889�895.

[23] W. Gao and G. Cao, ‘‘User-centric data dissemination in disruption tolerant
networks,’’ inProc. 30th IEEE Int. Conf. Comput. Commun. (INFOCOM),
Shanghai, China, Apr. 2011, pp. 3119�3127.

[24] G. Caro�glio, M. Gallo, and L. Muscariello, ‘‘ICP: Design and evaluation
of an interest control protocol for content-centric networking,’’ inProc.
31st Annu. IEEE Int. Conf. Comput. Commun. Workshops (INFOCOM),
Orlando, FL, USA, Mar. 2012, pp. 304�309.

[25] S. K. Dhurandher, M. S. Obaidat, D. Bhardwaj, and A. Garg, ‘‘GROOV:
A geographic routing over VANETs and its performance evaluation,’’ in
Proc. IEEE Global Commun. Conf. (GLOBECOM), Anaheim, CA, USA,
Dec. 2012, pp. 1670�1675.

[26] Y. Ding and L. Xiao, ‘‘SADV: Static-node-assisted adaptive data dissem-
ination in vehicular networks,’’IEEE Trans. Veh. Technol., vol. 59, no. 5,
pp. 2445�2455, Jun. 2010.

[27] E. Kuiper and S. Nadjm-Tehrani, ‘‘Geographical routing with location
service in intermittently connected MANETs,’’IEEE Trans. Veh. Technol.,
vol. 60, no. 2, pp. 592�604, Feb. 2011.

[28] R. S. Bali and N. Kumar, ‘‘Secure clustering for ef�cient data dissemina-
tion in vehicular cyber�physical systems,’’Future Generat. Comput. Syst.,
vol. 56, pp. 476�492, Mar. 2016.

[29] K. Kim, Y. Zhao, and N. Venkatasubramanian, ‘‘GSFord: Towards a reli-
able geo-social noti�cation system,’’ inProc. IEEE 31st Symp. Rel. Distrib.
Syst. (SRDS), Irvine, CA, USA, Oct. 2012, pp. 267�272.

[30] Z. Qiao, P. Zhang, Y. Cao, C. Zhou, L. Guo, and B. Fang, ‘‘Combining
heterogenous social and geographical information for event recommenda-
tion,’’ in Proc. 28th AAAI Conf. Artif. Intell. (AAAI), Quebec City, QC,
Canada, Jul. 2014, pp. 145�151.

[31] A. C. K. Vendramin, A. Munaretto, M. R. Delgado, and A. C. Viana,
‘‘GrAnt: Inferring best forwarders from complex networks’ dynamics
through a greedy ant colony optimization,’’Comput. Netw., vol. 56, no. 3,
pp. 997�1015, Feb. 2012.

[32] F. Xia, L. Liu, B. Jedari, and S. K. Das, ‘‘PIS: A multi-dimensional routing
protocol for socially-aware networking,’’IEEE Trans. Mobile Comput.,
pp. 1�13, Jan. 2016, doi: 10.1109/tmc.2016.2517649.

[33] K.-T. Chuang, Y.-J. Lin, and C.-C. Chen, ‘‘Bluetooth-based mobile P2P
framework for preference-aware data dissemination on social networks,’’
in Proc. IEEE 14th Int. Conf. Mobile Data Manage. (MDM), vol. 2. Milan,
Italy, Jun. 2013, pp. 110�115.

JIE LIreceived the bachelor’s and master’s degrees
in network engineering from the Dalian Univer-
sity of Technology, Dalian, China, in 2011 and
2014, respectively. He is currently pursuing the
Ph.D. degree with the Department of Computer
Science, University College London, London,
U.K. His research interests include mobile social
networks, socially aware networking, and ad hoc
networks.

ZHAOLONG NING (M’14) received the
Ph.D. degree from Northeastern University, China,
in 2014. From 2013 to 2014, he was a Research
Fellow with Kyushu University, Japan. He is
currently an Assistant Professor with the Dalian
University of Technology. His research interests
include cloud computing, network optimization,
and social network. He has authored over
40 papers in the above areas. He is a member of
ACM.

BEHROUZ JEDARIreceived the B.Sc. and M.Sc.
degrees from Islamic Azad University, Qazvin,
Iran, in 2006 and 2009, respectively. He is
currently pursuing the Ph.D. degree with the
School of Software, Dalian University of Tech-
nology, Dalian, China. His current research inter-
ests include delay-tolerant networks, opportunistic
communications, and mobile social networks.

FENG XIA (M’07�SM’12) received the
B.Sc. and Ph.D. degrees from Zhejiang University,
Hangzhou, China. He was a Research Fellow
with the Queensland University of Technology,
Australia. He is currently a Full Professor with
the School of Software, Dalian University of Tech-
nology, China. He is the (Guest) Editor of several
international journals. He serves as the General
Chair, PC Chair, Workshop Chair, or Publicity
Chair of a number of conferences. He has authored

two books and over 190 scienti�c papers in international journals and
conferences. His research interests include social computing, computational
social science, big data, and mobile social networks. He is a Senior Member
of ACM.

IVAN LEE (SM’07) received the B.E. (Hons.),
Master of Commerce, M.Eng., and Ph.D. degrees
from the University of Sydney, Australia. He was a
Software Development Engineer with Cisco Sys-
tems (1998-2001), a Software Engineer with the
Advanced Technology Group, Remotek Corpora-
tion (2003-2005), and an Assistant Professor with
the Department of Electrical and Computer Engi-
neering, Ryerson University (2005-2007). Since
2008, he has been a Senior Lecturer with the

School of IT and Mathematical Sciences, University of South Australia.
His research interests include multimedia systems, medical imaging, data
analytics, and computational economics.

AMR TOLBA received the M.Sc. and Ph.D.
degrees from the Mathematics and Computer Sci-
ence Department, Faculty of science, Menou�a
University, Egypt, in 2002 and 2006, respec-
tively. He is currently on leave from Menou�a
Univesity to the Computer Science Department,
Riyadh Community College, King Saud Univer-
sity, Saudi Arabia, as an Assistant Professor.
His main research interests include Social Net-
work Analysis, Internet of Things, ad hoc net-

works, intelligent systems, recommender systems, e-learning, and cloud
computing.

VOLUME 4, 2016 1453


