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ABSTRACT: People movements are often investigated with person trip survey, OD survey, and a questionnaire
survey. Limitations of these methods are taking much time and money and low sampling rates. In recent years,
more detailed human movements can be monitored by developments of mobile devices and GPS technologies.
However there are only few examples of applying mobile technologies on a large scale because of these costs to
monitor many people. On the other hand, “dynamic population data” become available. It is population data with
high spatio-temporal resolution estimated by aggregating the log data of mobile phones and other methods.
However the data represents population distribution and not how people move. The purpose of this study is to
develop a method to estimate people movement from hourly and daily dynamic population data. We made a
detailed model which can describe human movement with every hour interval. Estimated people movement data
will be expected to apply to fields of transportation planning, disaster prevention and business.

1. INTRODUCTION

Monitoring people movements has become important in fields of transportation planning, disaster prevention,
and business. People movements are often investigated with Origin-Destination (OD) survey, questionnaire survey
such as person trip survey and so on. Among these surveys, the person trip survey is the most largely studied in
order to analyze urban transportation and monitor microscopic people flow. However, the person trip survey takes
much time and money and its sampling rates are low (about 3 percent). Also frequency of person trip survey in each
metropolitan area is about 10 years. In recent years, more detailed human movements can be monitored by
developments of mobile devices and GPS technologies. For example, Ratti et al. (2006) tracked the number of
stationary people from the number of registered mobile phones at a base station and gained insight into
complex and rapidly changing urban dynamics phenomena. Caceres et al. (2007) also analyzed mobile phone
location data in order to infer traffic data such as journey Origin-Destination matrices or traffic counts at given
points in the road network. However there are only few examples of applying mobile technologies on a large scale
because of these costs to monitor many people. On the other hand, some “dynamic population data” such as
“Agoop data” become available. It is population data with high spatio-temporal resolution estimated by aggregating
the log data of mobile phones and other methods. However the data represents population distribution and does not
monitor people move. The purpose of this study is to develop the method to estimate people movement using
means Origin-Destination estimation from hourly and daily dynamic population data.

2. DATADEVELOPMENT

In this study, we applied Agoop data (described in following text) as the dynamic estimated population data. For
OD estimation, we used the movement probability of Person trip data (PT data) processed from person trip survey
data with calculating initial value of OD matrix.

2.1 Study area and aggregate unit

A study area is Sendai metropolitan area in Miyagi prefecture, Japan (Figure 1). Miyagi prefecture conducted
person trip survey at this area in 2002. Sendai city is the largest city in Tohoku region.

Aggregate units are the 500m-square grids the called Japanese standard regional mesh. Many statistical grid data of
Japan are aggregated into this grid and load data in this study is also aggregated into this grid. National census data



and the Agoop data are also aggregate into this 500m-square grids.

2.2 Person trip survey and PT data

? Miyagi Prefecture

We used the Person trip data (PT data) processed from person trip survey &

data. Miyaki prefecture conducted this survey in October 2002. This season
is regarded as best season for explorations of person flow (Hukumoto and
Nakamura, 2011). The coverage area of this survey was Sendai
metropolitan area including 13 cities. The number of people in the sample
was about 90,000.

In the person trip survey, respondents were required to fill entries on each
visited place and each trip between two places. In addition, they were also
required to answer basic individual information such as gender, age, and ~7 T
occupation. Because of privacy considerations, the places are recorded as a A

Magastane,

rough address to avoid specifying exact locations. Each trip must include a Legiggarea
departure time, arrival time, and purpose. % e
PT data was reconstructed from this person trip survey data by the “People ’ =m k
Flow Project” in Center for Spatial Information Science, The University of

Tokyo. We use this PT data at 8:00 and 9:00 to estimate people movement
at commuting time. The method of reconstruction is described by Sekimoto et al.(in press).

Figurel: Study area

2.3 Agoop data

We used the Agoop data in 2009 (AGOOP Corp.) as distribution data of dynamic population aggregated into
500m-square grids. This data enables to monitor the dynamic populations in each month and each hour. The
estimated dynamic population means the average hourly number of people located in each grid. Figure 2 shows a
grid map of population data in study area. The national census data has only static population such as resident
population or working population, while Agoop data can describe dynamically changing population that includes
shopping population and recreation population. This data was made by investigating facilities gathering lots of
people and defining the pattern of population distribution change in time series at each kind of facilities. In this
study we used the Agoop data between 8:00 and 9:00 on weekdays in October. Figure 2 shows the grid map of
dynamic population data at 8:00 and 9:00.
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Figure2: Grid map of dynamic population data at 8:00 (left) and 9:00 (right).

2.4 Correlation between PT data/Agoop data and national census data

Because PT data and Agoop data are estimated data, we need compare them to the existing statistical data about
population. Therefore we analyzed the correlation between them and national census data in 2005. Figure 3 shows
the correlation between the resident population of the national census in 2005 and PT data/Agoop data at 3:00 in
each grid. The correlation coefficient between PT data with the national census was 0.54 and the correlation
coefficient between Agoop data and the national census was 0.92. Therefore both data has correlation to national



census data.

2.5 OD estimation

Whole data processing flow of OD g s
estimation is given in Figure 4. 88 7 3 /
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probability Probg (i, ) is
calculated as demonstrated in
Equation 1:
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where Proby (i, j) is the probability that person of PT
data located at mesh i at 8:00 moved to mesh j at
9:00, P(i,j) composes OD matrix and means the
number of people that located at mesh i at 8:00
moved to mesh j at 9:00. Finally the initial values of
OD matrix are defined as Equation 2:

Proby(i,j) =

Py(i,j) = Prob(i,j) X Pop(t,i) )
where Pop(t,i) means the number of people of Agoop
data located at mesh i at time t (=8:00).

(b) Adding up the estimated OD matrix and
calculating residuals

We added up the estimated results of OD matrix at

each destination grid. The residuals between them

and the number of people that located at mesh j at

i+1(=9:00) were calculated as demonstrated in

Equation 3:
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Figure 3. The correlation between the resident population from the national
census of 2005 and Agoop (left)/PT data (right) at 3:00 in each grid

END

(d) Not updating the
estimated OD matrix
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(c) Convergence condition test

Figure 4. Whole data processing flow of OD estimation
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Using the values of residuals, convergence condition test was done at each grid. We used the following condition

expressed by Equation 4.

AP?,(j)) <1
OD estimation finished when all grids satisfy this condition.
(d) Calculating the movement probability and update the estimated OD matirix
The new movement probability between 8:00 and 9:00 is calculated as demonstrated in Equation 5.

Probn.,(i,j) =

P(i,))
2P ()

(4)
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The grids satisfying the convergence condition were not updated (Equation 6) and the grids not satisfying the

condition were update using Equation 7:

Pn+1(i'j) = Pn(l'])

Pasa ) = {1
where Adj, (i,j) was defined as Equation 8.

Ry (i,)) + Adjn(i,)  (when P,(i, /) > Adjy (i, /)

(when P,(i,) < Adj,(i,)))

Adjn(i'j) = PTObn+1(iﬂj) X APn(j)

(6)
(7

©)




OD matrix was estimated by repeating the process between (b) and (d).

3. RESULTS OF OD ESTIMATION

Figure 5 shows the result of OD estimation. The vector in this figure means people movements. The initial
point of vector is the center point of the grid where people are located at 8:00 and the direction of vector

means average direction that people moved between 8:00 and 9:00. The length of vector is fixed. In addition,
the color of the vector means the number of moving people excluding stopping people and red color expresses
many people movements. Figure 6 shows the OD matrix of PT data with the same method. Figure 7 and 8 are

zoom-in figure to Sendai city from figure 5 and 6, respectively. Although both figures grasp the people flow
that move from suburbs to Sendai city at commuter time, details of people flows was different. For example in
the result of OD estimation there are a lot of moving people at a distance of the central area of Sendai city,
while in PT data there are many moving people at the central area of Sendai city.

The coefficient between the result of OD estimation and PT data was 0.14 and there is low correlation.
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Figure7. Zoom-in figure to Sendai city
from figure 5.
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Figure 6. Visualized OD matrix of PT data
between 8:00 and 9:00.
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Figure 8. Zoom-in figure to Sendai city
from figure 6.



4. CONCLUSION

B! ! A
In this paper, we developed the method to estimate people (B A oA D oy ? A
movement from hourly dynamic population data using the \ S s
Agoop data and visualized the people flow with vector in ! A7 s
Sendai metropolitan area. We applied the movement j

probability of PT data to set the initial OD matrix and
conducted convergence condition test.

For future work, OD estimation will be improved if the
way of setting the initial OD matrix. In this study, we used & N
the PT data for setting the initial OD matrix however this iy ™ :
data has spatial bias especially in suburb area. In the PT )

data, the locations of people are recorded by the survey gt _

zone that is defined by the local government. Because the : MJ :
survey zones of suburb areas are generally larger than that %
of urban areas. In addition, because PT data is a sampling { Sy
data, PT data has smaller investigation scope than the T A ) {

national census. Figure 9 shows the area where people exit |/ [ bimam =5~ Study area

at _3:00 in PT data and the resident_population data i_n D 1020 40 60 80
national census. The range of the national census data is km
larger than that of PT data. In this study we used the PT . . ]
data for setting the initial OD data and ignore the grids that ~ F19ure 9. The areas where people exit at 3:00 in PT
is not included in PT data, the result of OD estimation has ~ data (vellow) and the range of resident population
also spatial bias shown in Figure 5 and 7. In addition, the ~ data in national census in 2005 (yellow and black).
areas where person trip survey is conducted are limited.

Improved estimated people movement data will be expected to apply to fields of transportation planning, disaster
prevention and business.
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