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A comprehensive decision-making algorithm of residence and workplace
based on the identification of cellular signaling track points

CHEN Lue, XIONG Chen, CAI Ming

School of Intelligent Systems Engineering ,Sun Yat-sen University / Guangdong Key Laboratory of
Intelligent Transportation Systems, Guangzhou 510006, China

Abstract: Due to the characteristics of cellular signaling, such as sparsity and spatial uncertainty, it is
difficult to identify the location of workplace and residence. At the same time, the current cellular sig-
naling residence and workplace identification algorithm is an insufficient basis and unknown effective-
ness for the key elements affecting the identification results, such as time rules and spatial aggregation
distance. In view of the above difficulties, this paper proposes a comprehensive decision-making algo-
rithm based on celluar signaling track point identification, which eliminates the spatial uncertainty of
mobile signaling and effectively defines the space-time boundary of the stay area. Based on the recog-
nition of stay points, the distribution characteristics of stay points in each period are extracted, and the
information entropy of each period is calculated to measure the possibility that the period belongs to
the residence and workplace period, and the weighted value of the period is given in this paper. By dis-
cretizing the arrival and departure time axis of any semantic stay point, the stay time slot of semantic
stay point is combined, and the characteristics of stay time slot are reflected by the time slot weight.

Based on the characteristics of the stay time slot and stay time, a comprehensive decision matrix of res-

idence and workplace is constructed to identify the most likely semantic stay point as the residence and
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workplace, and the cellular signaling with stay tag is used to verify the effectiveness of the algorithm.

Key words: cellular signaling; identification of cellular signaling track points; information entropy;

residence and workplace; decision matrix
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Table 1  Spatial association of trace clusters to identify

semantic locations
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Fig.2 Semantic point recognition results
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Fig. 3 Example of period weight
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Table 5 Place of residence and workplace decision matrix A

%jéi% 1F AR BE W (Cm) {E AT ST (Cm)
c2 [1.098 0,1.098 0] [0 days 01:06:03,0 days 01:06:03]
C6 [2.1877,2.1877] [0 days 01:17:27,0 days 01:17:27]
C5 [1.098 0,1. 098 0] [0 days 00:23:10,0 days 00:23:10]
c3 [2.3994,5.3650] [2 days 04:08:42,3 days 19:35:52]
c8 [3.439 1,5.988 6]  [2 days 15:58:40,2 days 22:51:46]

C10 [1.090 2,1. 090 2] [0 days 00:30:20,0 days 00:30:20]

C7 [0.248 7,0.248 7] [0 days 03:38:50,0 days 03:38:50]

PR A TEA TR A, 450 63 o BRI 5= R e
KYEPARGEE AR, S8 bsE MR, k6 fir
R PORMEMER . RAVEH—1k, BRMEMER . R,
mk7. 8N,

FRE A — b 1 1 BIR A B 3 5545 T i 1% 4
B, W9, 10 finm. BEXHECL . T RRA b
I, Bla=8=05018%&EMA%ANEwW=
(0.2065,0.7935). FIHZRERE TR T RIS
JEYEAE 2,535k
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0.0184,0.0267), Z, =(0.0325,0.0474),
0.0151,0.0221), Z, =(0.3791,0.4940),
0.4045,0.4740), Z, =(0.0156,0.0227),
; =(0.0201,0.0280).

(
(
(
(

o WUEMMIEILHER R

Table 6 Normalization matrix R of residence and workplace

WSUFE A Cm FEIE W (Cm) 5B IS4 ST (Cm)
c2 [0.2657, 0.3229] [5.0749, 5.9542]
c6 [0.5294, 0.6434] [5.9508, 6.9819]
c5 [0.2657, 0.3229] [1.7800, 2.088]
c3 [0.5806, 1.5779] [240.3912, 495.4382]
c8 [0.8322, 1.7613] [294.9410, 383.2858]
C10 [0.2638, 0.3206] [2.3306, 2.7345]
c7 [0.0602, 0.0731] [16.8139, 19.7273]

R OWMEMIE— LA R

Table 7 Residence and workplace normalization matrix R~

A5 B 5 Cm 5B B W (Cm) 5B I ST (Cm)
c2 0.095 0 0.008 9
c6 0.1892 0.0105
cs 0. 0950 0.003 1
c3 0.207 5 0.4238
c8 0.2975 0.5199
C10 0.094 3 0.004 1
c7 0.0215 0.029 6

#8 WUEHIA — (LR R

Table 8 Residence and workplace normalization matrix R*

S5 A Cm PR RHEE W (Cm) {5 R I ST (Cm)
c2 0.064 3 0. 006 5
c6 0.128 1 0.007 6
cs 0.064 3 0.002 3
c3 0.3142 0.540 7
c8 0.3507 0.4183
C10 0.063 8 0.003 0
C7 0.014 6 0.0215

#9 R R A RPERE B A E

Table 9  Entropy and weight of matrix R attributes

LA A B ESHITRN
E, 0.901 6 0.4825
w 0.1597 0.840 3

J

F10 FHFE R 2SR PERE SR FIACGE

Table 10 Entropy and weight of matrix Rattributes

B A {RE B N B PR TR
E 0.8143 0.4526
w 0.2533 0.746 7

J

Z(i=0,1,2,3,4,5,6)F P HH A ] BE 4 5
P :(pij)7><7’ ﬁﬂ?%llﬁﬁﬂ?o

11 250 A R LAY AT REBEAERS P
Table 11 The possibility matrix P for the comparison of the

comprehensive attribute values of each scheme

S Cm Cc2 C6 C5 C3 C8 C10 Cc7

Cc2 0.5 0.0 0.760 0.0 0.0 0.722 0.410
C6 1.0 0.5 1.0 0.0 0.0 1.0 1.0
C5 0.240 0.0 0.5 0.0 0.0 0.461 0.135
C3 1.0 1.0 1.0 0.5 0.486 1.0 1.0
C8 1.0 1.0 1.0 0.514 0.5 1.0 1.0
C10 0.278 0.0 0.539 0.0 0.0 0.5 0.175

Cc7 0.590 0.0 0.865 0.0 0.0 0.825 0.5
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Table 12 Time threshold method of residence identification

results of each parameter combination

F 13 ASHA A BT B E L AR iR B0 45
Table 13 Time threshold method of residence identification re-

sults of each parameter combination

WESEEER SR

R EH SR SRERE
slot = [ day20:00 — day,, 08:00 LT = 6h {C8: 5, CO: 1] c8
slot = [ day22:00 - day,, 06:00 ,7 = 5h {C8: 5, C9: 1} C8
slot = [ day22:00 — day,, 08:00 T = 5h  (C8: 5, C9: 1] c8
slot = [ day22:00 - day, 10:00 |7 = 6h  {C8: 5, C9: 1) 8

slot = [ day00:00 — day06:00 LT = 4h  (C8: 6) cs8
slot = [ day00:00 — day08:001,7 = 4h  {C8: 6} c8
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slot = [day 07: 00 - day 17: 00] {c3: 2} T
slot = [ day 08: 00 — day 18: 00 | {C3: 4} C3

slot = [day 09: 00 — day 17: 00] {c3: 2} Te U
slot = [ day 07: 30 — day 17: 30 | c3: 2} Te )
slot = [day 08: 30 — day 17:30] {c3: 2} p e vl
slot = [ day 09: 30 — day 17: 30| {c3: 2} Teik

5o 119 =y B
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XI5y, AR — R SES B, A LUAR 98
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Table 14 Possibility matrix for pairwise comparison of each semantic comprehensive attribute value

A H 5B RUF BT Ja {3 TAEH
2020. 01. 10-2020. 01. 12 [C3,C8,C7,C6,C5] [0.3,0.25,0.2,0. 15,0. 1] C3 C8
2020. 01. 11-2020. 01. 13 [C8,C3,C6] [0. 58.,0. 42,0. 25] C8 C3
2020. 01. 12-2020. 01. 14 [C8,C3,C10,C6] [0.375,0. 292,0. 168,0. 165] C8 C3
2020. 01. 13-2020. 01. 15 [C8,C3,C10,C6] [0.375,0. 292,0. 168,0. 165] C8 C3
2020. 01. 14-2020. 01. 16 [C3,C8,C2,C10,C6] [0.28.0. 27.,0. 177.0. 138,0. 135] C8 C3
2020. 01. 10-2020. 01. 13 [C3.,C8,C6,C5,C7] [0.276.,0. 274,0. 2,0. 139,0. 111] C8 C3
2020. 01. 11-2020. 01. 14 [C8,C3.C6,C10] [0.349,0. 318,0. 208,0. 125] C8 C3
2020. 01. 12-2020. 01. 15 [C8,C3.C10,C6] [0.375.,0. 292,0. 168.,0. 165] C8 C3
2020. 01. 13-2020. 01. 16 [C8,C3.€2,C10,C6] [0.287.0. 263.0. 167,0. 142,0. 141] C8 C3
2020. 01. 10-2020. 01. 14 [C8,C3.C€6,C10,C5,C7] [0.242,0. 225,0. 183,0. 125,0. 122,0. 103] C8 C3
2020. 01. 11-2020. 01. 15 [C8,C3.C6,C10] [0.35,0.317,0. 208,0. 125] C8 C3
2020. 01. 12-2020. 01. 16 [C8,C3,C2,C10,C6] [0.289,0. 261,0. 163,0. 144,0. 143] C8 C3
2020. 01. 10-2020. 01. 15 [C8,C3,€6,C7,C10,C5] [0.235,0. 232,0. 183,0. 126,0. 114,0. 11] C8 C3
2020. 01. 11-2020. 01. 16 [C3,C8,C6,C2,C10] [0.277,0. 273,0. 2,0. 149,0. 101] C8 C3
2020. 01. 10-2020. 01. 16 [C8,C3,C6,C7,C2,C10,C5] [0.203.0. 202,0. 167,0. 126,0. 117.,0. 095.0. 09] C8 C3
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