9% 4 \ol.19, No.4
2017474 H m & E R B % Apr., 2017

Journal of Geo-information Science

SRS B B U 2 S A AR T R BB B A B P T A 15 20 I 25 SRFAE 43 A 9] Bk A S8 R)27 241k, 2017,19(4):467-474. [ Cao J Z,
TuW, LI Q Q, et al. 2017. Spatio-temporal analysis of aggregated human activities based on massive mobile phone tracking data, 19(4):
467-474.1 DOI:10.3724/SP.J.1047.2017.00467

1. BRI W18 %5 8 TR E S A eme 2, 5 430079; 2. IS 4K TR 2R baas 1a){E B AR s S5 IR 5 i o T
SRS WY 518060 ; 3. M A Hb TR W) [ 570 2 b 3R 5 R S S0 0 3, TR 518060 4. IR E i W o%
B, Il 518060;5. Tk is T I R: E bR - QIHAF7E 0, TI% 315100

Spatio-temporal Analysis of Aggregated Human Activities Based on Massive Mobile Phone
Tracking Data

CAO lJinzhou!, TU Wei***, LI Qingquan**** and CAO Rui®

1. State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University, Wuhan 430079, China;

2. Shenzhen Key Laboratory of Spatial Smart Sensing and Services, College of Civil Engineering, Shenzhen University, Shenzhen 518060, China;
3. Key Laboratory for Geo-Environmental Monitoring of Coastal Zone of the National Administration of Surveying, Mapping and Geolnformation,

Shenzhen 518060, China; 4. Smart City Institute, Shenzhen University, Shenzhen 518060, China; 5. International Doctoral Innovation Centre,
University of Nottingham, Ningbo 315100, China

Abstract: Urban space and the behavior of human activities constantly interact with each other. Investigation on
distribution of aggregated human activities and spatio-temporal change benefits data-driven policy-making in ur-
ban planning and urban governing. In the era of big data, with the development of information and communica-
tion technologies, it is possible to collect city-scale data with high resolution in space and time by various loca-
tion-aware devices and sensors. Exploration of spatial-temporal activities attracts a lot of attention. By taking
about 10 million one-day tracking data of mobile phone users in Shenzhen, China as an example, this paper firstly
identified their stay locations according to spatial and temporal rules to generate stay trajectory for each individu-
al and recovered activity semantic information by labelling activity types for each stay locations. Then, the signifi-
cant differences in patterns of distributions of stay locations and their activities were analyzed. Spatial and tempo-
ral distributions of different human activities were explored, respectively. The study shows that the distribution of
stay locations and activities is obviously heterogeneous. The average number of stay locations of an individual
per day is 2.1, while the average number of activities an individual engaged in per day is 3.4. This study further-
more suggests that different types of activities have temporal variance and spatial heterogeneity. The temporal dis-
tribution fluctuates significantly over 24 hours, which is in accordance with daily routine. The spatial distribution
overall obeys “space power law”, and the spatial distribution of social activity, which has a faster- down tail,
shows a more obvious pattern of spatial segregation than the other two activities. The study revealed the diversity
and heterogeneity of spatial and temporal distribution of human aggregated activities in urban space, which is
meaningful in analyzing human activities research and facilitating urban traffic optimization and urban planning.
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Fig. 1 The study area



434 Y AF HET IR THUE R B R RERTE S 2 FRAE 47 469

AR, GO LXK AT H SRR ER K,
N BV A AR A) ) IR X 2 (B A )
TERMY ARl 2 A0 R ik, N A AR
o THFRR OGP, i AT B X B AR R OGS
AT AR R, N8 . B RN
HAL I A DR 5K, RN A 2 R R
Wi /0N, B XS AR th A T8 TG 2, AT Bh AR S
BONE AR,

AR 2012 4F 3 H H— TAE H 245 1000 11 H
PR Eh FHLE A R, B 8his BRI L h 24 1
SR [1) B 208 5 B sl vl 0 s LT P A A v
s IRBUT P e . Bl RS shiz B R kA T
TEAACAE, AR P B AL, 8 R — AR
P S B ] EA T/ N B 3, A5 304 3 P
TN R QN e S A (e S A 2y - S T A A
JE SR M BAEIT A, iR LR

*1 BHFHIELEETSG
Tab.1 Examples of mobile phone location records

JHFd N JRNEid RSB HIEZRREE
53G*H* 0 19** 114.14** 22.60**
§3@rr** 1 19** 114.14** 22.60**
53G**** 2 54** 114.12** 22.58**
53G**** 23 14** 114.14** 22.60**

TE 0 T RS, BB E L5 hRi
3 BFE

N T WEFEREATE SR 25 3 A A, BRI A
W B ZRE AL, LU AR 25 E o5
AR SCE SE i 1 Xt S R ) TRUAL M5 B PR B
S, 3 5 R S — 4 P 2 R S B0 A S 23 35 8
REBIRB, ARiCis shify AR ; B XA RSB Y
BB 2SRRI T A . RARAE B AR (1 2) 3=
TALHE - D He T FHUIL kR A I 25 B A 15 )
I 23 45 B B AR G D) R~ T AR —E 23 sl Uil 5
@ FEAATE B 2 FFAE ST o

3.1 ETFHEMRE RN ZHITEE MK

T NI B TFALE LR AR RS B I
ZSPEFA, 16 PE E EA BE EAT PUAL B 2
IEHART G TR BB, FEOP RGO LR E
SR ;@ LR B AR ; @ LRI (] FI2S

Yebs I B ST

23 Bl

i eEiiig

HpE-T A&
v i sl

5= L

v

2 2

K2 T RRUBETHLE (B AT 3l
2R M AR 1
Fig. 2 Framework of spatio-temporal analysis of aggregated
human activities using cellphone location data
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Fig. 5 The statistics of daily stay points and activities
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