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In the rectangular model, a trip can be broken into smallßights
even though consecutiveßights have similar directions. This
implies even a small curvature on the road may cause multiple
shortßights. To remedy this, the angle model merges multiple
successiveßights acquired from the rectangular model into a
single longßight if the following two conditions are satisÞed:
(a) no pause occurs between consecutiveßights and (b)
the relative angle (�� as shown in Fig. 3) between any two
consecutiveßights is less thana�� degree. A mergedßight is
considered to be a straight line from the starting position of
the Þrst ßight to the ending position of the lastßight and its
ßight length is the length of that line.a�� is a model parameter.

The pause-based model can be viewed as an extreme case
of the angle model. The pause-based model merges all the
successiveßights from the rectangular model into a single
ßight if there is no pause between theßights. A mergedßight
is deÞned in the same way as in the angle model. This model
produces signiÞcantly different trajectories from the actual
GPS trajectories, due to the abstraction. However, it represents
more faithfully human intentions to travel from one position
to another without much deviation caused by geographical
features such as roads, buildings and trafÞc.

The rectangular and pause-based models can be viewed as
special cases of the angle model witha�� = 0 anda�� = 180,
respectively. Fig. 4 presents sample traces produced by the
above threeßight models (we only show a few scenarios due
to the space constraint; all the traces can be found in [7]).

IV. HUMAN MOBILITY

In this section, we analyze the statistical features of human
walks from our traces.
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Fig. 4. Traces from NCSU (a)-(c) , Disney World (j)-(l) and State fair (m)-
(o). TheÞrst column represents the rectangular model withr = w = 5 , the
second column the angle model witha�� = 30 , and the third column the
pause-based model.

Rectangular Angle Pause-based
a�� = 0 a�� = 180

NCSU 0.65 (0.03) 0.66 (0.02) 0.24 (0.08)
KAIST 1.11 (0.02) 1.07 (0.04) 0.51 (0.10)
NYC 0.45 (0.01) 0.59 (0.04) 0.23 (0.11)

Disney World 1.31 (0.04) 1.19 (0.13) 0.79 (0.08)
State fair 1.55 (0.34) 1.13 (0.18) 0.62 (0.29)

TABLE II
THE ESTIMATED �� VALUES (WITH STANDARD DEVIATION ) FITTED TO THE

LOG-LOG CCDF OF FLIGHT LENGTHS OBTAINED BY VARYING FLIGHT
PARAMETERS: r AND w FROM 2.5 METERS TO10 METERS AND a�� FROM

15 DEGREES TO90 DEGREES.

A. Flight length distribution

In this section, we study the distributions ofßight lengths
from our traces. In generating its distribution for each scenario,
ßight length samples from all the traces of the same site,
regardless of their participants, are aggregated together and
used in the same distribution. This “aggregation” is reasonable
because every trace obtained from the same site is subject
to the same or similar geographical constraints (i.e., roads,
obstacles, trafÞc, and buildings). The same technique is used
in other studies of Levy walks (e.g., [3]).

Fig. 5 shows the CCDF (complementary cumulative density
function) ofßight lengths from each scenario. CCDF is known
to show the tail patterns of a distribution better than log-log
binned PDF plots. The PDF plots can also be found in our full
report [7]. We apply Maximum Likelihood Estimation (MLE)
to Þt three known distributions, exponential, log-normal, and
truncated Pareto distributions [12] to the CCDF. The MLE
of the truncated Pareto is performed over the x-axis range
between 50 meter and the 99.9% quantile of each distribution
to isolate only the tail behavior. We observe that truncated
Pareto has the bestÞt among the three distributions in all
cases with truncation points over three-orders of magnitudes
(i.e., 1000 meters), which is a rule of thumb for power-law
distributions. To reduce the sensitivity on particular settings
of our ßight models, we vary the values ofr , w and a��

from 2.5 meters to 10 meters and from 15 degrees to 90
degrees, respectively. We performed lineÞtting on the tails
of the resulting CCDF over several ranges. Table II presents
the average slope of the lines and their standard deviation of
the Þtted lines. All the scenarios have power law slopes as
their slopes are larger than -2 (so�� < 2).

Flight truncations are natural consequences of geographical
constraints including boundaries and physical obstructions,
and observation artifacts (e.g., we do not consider thoseßights
that leave the area boundary). All the distributions in Fig. 5
suffer from truncations ofßights longer than a few kilometers
whose effects are shown as sharp drops in the frequency of
very longßights. This effect show up evidently with State fair
traces shown in Fig.5(e) where even short-tail distributionsÞt
well. The State fair traces are obtained from a highly conÞned
area of less than 350 meter radius (it is smallest among the
Þve sites). Thus, it is subject to more truncations.

The sharp drops at the tails give rise to a possibility that
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