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Fig. 1 Spatial Distribution of Mobile Phone Towers
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Examples of Mobile Phone Location Data
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Fig. 2 MISE of Different Searching Bandwidth
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mation and Adaptive Bandwidths: A Primer for

Analyzing Space-Time Variation of Urban Human Stay Using Kernel
Density Estimation by Considering Spatial Distribution of
Mobile Phone Towers

YANG Xiping'! FANG Zhixiang' ZHAO Zhiyuan' SHAW Shihlung' YIN Ling?®
1 State Key Laboratory of Information Engineering in Surveying, Mapping, Remote and Sensing,
Wuhan University, Wuhan 430079, China

2 Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China

Abstract: The spatial-temporal distribution of urban human concentrationscan reflect the law of use of
urban spatial structures, so understanding spatial-temporal patterns of human concentrationsis helpful
for optimizing urban structures, selecting public facility locations and predicting traffic flows. In re-
cent years, the availability of mobile phone location data provides an opportunity and challenge for
studying human concentrations patterns. Therefore, we only can extract these patterns based on base
stations in mobile phone datasets, to produce a continuous population distribution. Kernel density es-
timate (KDE) can generate a continuous surface and has been widely used to estimate population dis-
tribution, but the traditional KDE assumes that the sample data points are homogeneous and uses
fixed bandwidth to estimate densityfrom all data points, however, the service area of base stations in
the city varies with the distribution of population distribution, so fixed bandwidth will create error. In or-
der to eliminate errors, we introduce a search bandwidth control parameter to make the bandwidth vary with
the spatial distribution of mobile phone towers. Least-squares cross validation (LSCV) and log-probability
methods were used to test the proposed approach. Experimentalresultsdemonstrate that this improvement can
make the estimation better than fixed bandwidths. Taking mobile location data of Shenzhen as an example,
we extracted urban human concentrationsfor five typical time intervals, and the improved KDE was used to
analyze the distribution difference of the five time intervals, providing deep understanding of condition of ur-
ban different areas as used by humans and how it varies over time.

Key words: mobile phone data; kernel density estimation; human stay; space-time analysis
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