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Abstract-The knowledge of human mobility is essential to
routing design and service planning regarding both civilian
and military applications in mobile wireless networks. In this
paper, we study the inherent properties of human mobility upon
our collected GPS moving traces. We found that power laws
characterize the human mobility in both spatial and temporal
domains. In particular, because of the diurnal cycle patterns of
human daily activities in associated social territories with limited
size, there always exists a characteristic distance in the power
law distributions of trip displacement and distance between site
locations and a characteristic time in the power law distributions
of pause and site return time, respectively. Thus, the CCDF
of human movement metrics in spatial and temporal domains
always has a transition from power-law head to exponential tail
delimited by the associated characteristic distance and character­
istic time, respectively. Furthermore, we found that either human
random moving direction process without pause or the power law
distribution of trip displacement lead to a superdiffusive human
mobility pattern, while the power law distribution of pause time
causes a subdiffusive human movement pattern.

I. INTRODUCTION

As wireless devices are generally carried by humans, almost
all the desired civilian and military applications in mobile ad
hoc networks (MANETs) are tightly coupled with humans'
moving behaviors, which are governed by their daily activities
[1 ]-[5]. The human daily activities are regulated by their
associated societal duties and working patterns in networks,
which are very dynamic and difficult to predict upon diver­
sified locations and times. By far, it is still not clear how to
specify the complicated human mobility by mobility modeling,
which, however, is essential to design and plan the demanding
MANET applications for humans.

Human mobility patterns are manifested by the correspond­
ing human moving capabilities. Because of the complexity of
human activities in networks, finding the essential mobility
metrics which can characterize the human mobility patterns
and quantify the human moving capability as well is a very
challenging issue. Furthermore, existing synthetic mobility
models are not suitable to mimic the human moving behaviors
in the societal context. Instead, the inherent properties 0 f
human mobility can only be effectively generalized from real
human mobility traces [1], [3], [5], [6].

Recent empirical studies of human mobility traces in [7],
[8] respectively showed that human mobility patterns and
moving capability can be effectively manifested by his/her
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diffusive capability (order) r, which characterizes the rela­
tionship between the mean square displacement (MSD(t))
and the diffusive process time t, that is, M SD (t) ex t T

• In
general, the human diffusive behaviors are heavily influenced
according to spatial effects such as trip length [6]-[8] or
temporal effects such as pause time [6], and return time [5] in
mobile wireless networks. Consequently, the study of human
diffusive behaviors from the collective spatial and temporal
effects is desirable. However, a complete dataset recording
human daily activities by moving traces is not available in the
research community. Therefore, in this paper, we are motivated
to study the inherent properties of human mobility in both
spatial and temporal domains and their direct impacts on
human diffusive movement patterns by collecting a new set
of GPS logged daily moving traces for three months.

Specifically, upon the collected traces, we generalize the
human mobility properties in spatial domains regarding travel
distance between site locations and trip displacement; and in
temporal domains according to site return time and pause time.
The results of all these metrics reveal a heavy dependence
on human time-varying societal duties in different territories.
First, we find that power law is an inherent factor characteriz­
ing the human mobility in both spatial and temporal domains.
In consequence, we show that power law distribution of trip
displacement leads to a superdiffusive (r > 1) human move­
ment pattern, while the power law distribution of pause time
results in a subdiffusive (r < 1) human movement pattern.
Interestingly, we also find that the complementary cumulative
distribution function (CCDF) of human movement metrics in
spatial and temporal domains always has a transition from
power-law head to exponential tail delimited by the associated
characteristic distance and characteristic time, respectively.
Overall our results provide a deep understanding of human
moving behaviors. In addition, the knowledge of power law
property and the order of characteristic distance in human
(solider) trip displacement can benefit the military application
with supported threat detecting sensors in a deployed combat
environment. And the human diffusive mobility patterns can
be applicable to investigate methods of mitigating the effects
of dynamic motion on soldier performance in the battle fields.

The rest of paper is organized as follows. Section II
introduces the preliminaries of node and human diffusive
movement process. In Section III, we analyze the collected
GPS traces dataset. In Section IV, we study the spatial effect
on on human diffusive behaviors, followed by the temporal
effects in Section V. Finally, Section VI concludes this paper.
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