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Abstract: Distribution and movement of people in urban areas are important information for studying urban
dynamics and crowd displacement rhythm. The temporal variation of people flow between different spatial
regions shows how people interact with physical locations and is highly related to its function and structure in
the city. Previous researches usually use density-based approaches to investigate the temporal variation of people
flows in different spatial regions. This kind of approach can present time slice-based hot-spot maps but cannot
reflect the consistency of changing processes. Therefore, this paper proposes an approach of synchronization
measurement to fill in this gap. Our method is designed to measure the similarity of temporal people flow
processes between stations in the 3D feature space and quantify property of synchronization of communication
network areas based on the average similarity. An experiment of measuring synchronization was conducted using
a dataset of mobile phone data in Shenzhen. The people flow processes within this city was derived from the
mobile phone dataset. The results show: firstly, the neighboring-area radius and feature space threshold depend
on the distribution of mobile station and flow process in corresponding serving areas. In most cases, the
neighboring-area radius can be set as the average distance between mobile stations. The feature space threshold
depends on the neighboring area radius, and the smaller the radius, the smaller the threshold should be. Secondly,
different from administrative areas, the synchronized areas show the characteristics of human dynamics in the
city with a smaller spatial unit. We found that the centers with higher level of planning have more synchronized
regions with relatively small area in them. Finally, compared with the density map result, our approach indicates

that the synchronized regions not only exist in the city centers with high flow changes but also in rural areas with
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relatively small flow changes. Combined with additional information such as land use attributes, the
synchronized areas clarify the spatial structure of the population and its aggregated boundary effect in the city.
This approach can be used to assess the output of urban planning and optimize the distribution of service
facilities such as emergency management and transportation network design.

Key words: mobile phone data; space-time trajectory similarity; flow synchronization; synchronized areas; flow
processes
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Fig. 1 Diagrams of flow feature space
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Fig. 3 Average synchronization and maximum synchronization of different parameters
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Tab. 3 Statistical result in different synchronized area levels
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#u 1 2 3 4 5 6 7 8 9 10 11
1 0 0 13 22 72 509 5153 34 1 3 0
2 4 1 6 8 35 1209 1259 37 5 9 4
30 2 6 17 53 1236 1304 67 17 14 0
4 0 3 8 13 62 1395 1502 72 17 11 0
5 1 2 4 16 75 1297 1326 69 9 7 0
6 0 3 4 8 48 1072 1054 54 4 7 0
7 0 0 0 0 6 65 712 9 0 0 0
8 0 0 0 0 1 465 451 3 0 0 0
9 0 0 0 0 2 328 33 2 0 0 0
100 0 0 0 0 1 69 772 0 0 0 0
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