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Abstract: Researches on user behavior analysis have attracted huge attention recently due to the popularity
of smart mobile devices and the availability of high-speed mobile communication services. Proper user be-
havior modeling not only provides insight into the design of emergency and traffic planning in catastrophic
situations, but also gives hints on sophisticated wireless area design. To this end, researches on the topic
of understanding human mobility patterns by estimating user mobility status via users’ spatial-temporal
data such as GPS have been developed. To alleviate the problem of aggressive battery consumption due to
GPS sensing, approaches utilizing location data embedded in Call Detail Records (CDRs) from base stations
become intriguing and promising. Compared with high-resolution GPS data, the location data in CDRs is
less accurate. Besides, the sampling of locations in CDRs is spatial-temporally irregular due to the irregular
communication patterns and infrastructure maintenances. For these reasons, tuning existing methods to
adapt for CDRs is difficult and may be impractical. In this paper, we propose a method to estimate end-
user mobility status that tolerates the spatial-temporal irregularity in CDRs’ location data. Concretely, we
employ an adaptable sliding window to group records to address the irregularity problem and a 2-level hier-
archical distance estimation scheme to reduce positioning error in CDRs. To evaluate our proposed method,
we collected both GPS and CDR data of 582 end-users with user consents for a time span of 30 days (wherein
the GPS data is regarded as ground-truth), and we tested our method on this dataset. The results prove the
feasibility of our method and demonstrate higher accuracy compared with existing methods.
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Fig. 1 Association of user movement and CDRs.
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Fig. 4 2-level hierarchical distance estimation scheme.
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Table 1 Statistics of trip number in moving time and moving distance.

0[s] | 900[s] | 1800(s] | 2700[s] | 3600[s] | 4500(s] | 5400(s] | 6300[s] | 7200[s] | 8100[s] | 9000[s]- | &7
0 [km] 2621 3304 1393 664 372 167 93 39 23 9 12 8697
2 [km] 817 1592 745 376 201 134 57 37 18 14 20 4011
4 [km] 146 931 558 254 181 111 56 30 16 12 28 2323
6 [km] 51 449 479 264 155 88 61 30 21 12 26 1636
8 [km] 12 201 327 242 132 85 61 48 22 19 39 1188
10 [km)] 10 156 302 225 129 81 48 32 32 12 33 1060
12 [km)] 10 68 211 194 129 82 62 39 18 9 31 853
14 [km)] 9 37 159 162 124 74 36 37 27 10 29 704
16 [km)] 6 17 99 131 119 83 58 20 20 14 36 603
18 [km] 7 15 91 96 112 67 a7 34 24 18 34 545
20— [km] 48 65 156 417 624 693 587 494 351 284 1113 4832
&F 3737 6835 4520 3025 2278 1665 1166 840 572 413 1401 | 26452
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x 2 Z-FOBEMTEHIICESCT—F Ly b

Table 2 Dataset constructed from user’s movement behavior.

T2EYBEAE [km] 0 2 4 6 8 10 12 14 16 18 20-

Ny TR 8697 | 4011 2323 1636 | 1188 1060 853 704 603 545 4832

Kang & DT 0 0.4 0.5 | 0.571 0.6 | 0.667 | 0.667 | 0.667 | 0.667 | 0.667 | 0.744

Liu 5O Tk 0| 0462 | 0.572 | 0.667 | 0.667 | 0.715 0.75 | 0.727 0.75 0.75 0.8

REFE 0 | 0.667 | 0.727 0.8 0.8 | 0.833 | 0.857 | 0.833 | 0.857 | 0.857 | 0.889

FEENRE [sec] 0 900 1800 2700 | 3600 4500 5400 6300 7200 8100 | 9000-

Ny TE 3737 | 6835 4520 3025 | 2278 1665 1166 840 572 413 1401

Kang & O 0 0| 0.445 0.5 | 0.556 | 0.625 | 0.632 | 0.667 | 0.667 | 0.667 | 0.667

Liu 5 O F: 0| 0.333 0.5 0.6 | 0.667 | 0.667 | 0.727 0.75 0.75 | 0.764 | 0.778

R—EFIE 0 0.5 | 0.667 | 0.769 0.8 | 0.824 | 0.857 | 0.861 | 0.875 | 0.885 | 0.889
1 WKOBEWFHETHALZEEZHLNIZLA. 72720, 2km
0 RWOBLIIEHE, 000 bRl BEBER B L T 1 F
% FOM)y FTEHIKELHET LI ENTELh oz,
2 s ZORRY LT, BEHEEIEOEBBON N—T) T
T I D, OEHRIIA Y F =S L Ao 728 & 2

0.2 Ezbhb.

- % 3 1BEITE L LT, BHIGO CDRs % 20 L 21—

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
HEFE 1T AV 72 BEEE D [m)

-o-LiuFiE: ®WIREFE
10 HAEIREEHEE R

Fig. 10 F-measure of staying state estimation.

X-KangF &

EEITRLEN 0.667 & o7z,
KICZE 10 (& D 2B 5 WAL REE ORIl R 2 78 L Tw
B AERPOWAREBHECICEAL TdaeFiE @D Ils

WT 085 LLED FETH B Z EH55h 0, BERRAEIC AN
THEEPEDHTHLZ e ER L. F2, KEFHICBIT

LHiRbEWVEEE, HEICHMA L DIE Liu 5OFEN
D =500~2500 ® & Z 2R D EV0.909 & 72D, Kang b
DFEE D =500 D& FITHdE 0923 & o7z, FEF
TR L TIE D = 2500~5000 O & & 128D 4 0.933
Loz, RESUTIIBENIREE LG RRE O ) % HEE
FTAHZEEMELTWA D, Liu 50FEE D = 500,
Kang 5 OFFE D = 500, #EFLEIE D = 1500 % i
D ELTHREL.

5.2 F7F—4t v FOFHERER

M CRO KT EORME R D # T2 —FORE
T8y, WETE), MERBICESCERO TSy M &
i A, R 2 X —-TFOBEITEIE LT, B
2km [EfE, BEIEER % 900 g CTENZE 11 B ORF
fligethic M) v T2 8L, FHliSEMEZ LIS F o F Il
TROIFERTH A, KGR, O TR LT, B
BB L OREFH oML b 2w, FMESMELTWS
WG hBH. T, RETFLESTHEL BT 2 LRE
FEPBEHEE 2km DL L, BBjRR 900 #LL L2 W
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NIk, A5 R B O R 42 2 20 FhIHME, 815 PR AE R
R OIERER 2% 100m Mg T2 11 BB O FH M40
MYy TERGHEL, FHliGM S LI FEO R REE KD
TRERTH D, REERD S, HR22i OEMER 2T & TEE
BhhnwZl, BEROBEKIIZVHPFEIFEHNI &
TRERE L7z, E7z, @EATHICME L THREFEIEL D
FHEZet: T Kang 5 O, Liu 5 OFHEICHE W F A
ThHhAZ WP L7, 72720, WEHD 15 A,
JHAS TR ] ] B D R R AR 22 2% 20 #0 2R, WA FRRE T PR O 1
AR DY 200 m A OFHIZE I LT MY v TR
DEPHEETE R W L ZER L. b —F DR

BATE) & AR B R BB IR IR S b v T
DEHEEZEZOND.
T 4 IBE P ICHR L - KRR O 1 km ISFET

L EMBHOPRMEL 5 JHHRET 11 BERE O 4125
L, fFHOEMTEICFEohREz RO 7FERTH L.
AHEFA S HH R X > T Kang 5 OFEIE F ED 0~
0.5, Liu 5D TEE F AT 0.4~0.667 IZZE L TWBH D
WAL, IRETER 0.667~0.778 & MHTEICHAZEH AN
L, MR OMBEOREI /NS EWG0nh. Tz
FAEICEE L COREFEDSETFMELH TR BVERTH
b EEER LT

5.3 BEOT—%2ty MIEDFHE

KE T [2—FOBEITE & BETE], [V D%
BTN &SRS, [WETE LEBERE] 2lAasbY
eT—% kv NORE, FHEAT. BB, £T7 -5ty
ME 11 B FEORHMiZ I L, MAasbelzT—4 1y
ME1AMB2Y 121 OFFHfiSMCarliz 4T . $72, &
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® 3 AEMTHEST-5 Ly b

Table 3 Dataset constructed from communication behavior.

CDR % 0 15 30 45 60 75 90 105 120 135 150-
AL 4374 5626 3564 2416 1759 1373 1081 824 640 536 | 4259
Kang 5 ®T-% 0 0 0.5 0.5 | 0.571 | 0.615 | 0.666 0.6 | 0.667 | 0.645 0.6
Liu 5O Tk 0| 0.325 0.5 | 0.667 | 0.667 | 0.715 | 0.727 | 0.714 | 0.727 | 0.727 | 0.667
REFE 0 0.5 | 0.667 | 0.75 0.8 | 0.833 | 0.857 | 0.818 | 0.857 | 0.857 | 0.842
i (R [sec] 0 20 40 60 80 100 120 140 160 180 200-
AL 821 7063 7893 | 4348 1910 1035 566 410 288 184 1865
Kang 5 OFik 0 0.5 0.5 0.4 | 0.429 | 0.445 0.5 | 0.444 0.4 0.5 0.5
Liu 5 OF 0| 0571 | 0.571 0.5 0.5 0.5 | 0.589 | 0.571 | 0.558 | 0.534 | 0.615
RETF 0.161 | 0.667 | 0.667 | 0.667 | 0.667 | 0.667 | 0.75 | 0.667 | 0.667 | 0.667 | 0.769
FEEfRZE (ZEH) [m] 0 100 200 300 400 500 600 700 800 900 | 1000-
AL 2892 2495 3679 3993 3242 2397 1748 1302 856 669 3110
Kang & OFik 0 0| 0.333 0.5 0.6 | 0.667 | 0.625 | 0.667 | 0.667 | 0.667 | 0.667
Liu 5O Tk 0 0| 0445 | 0.666 | 0.667 | 0.667 | 0.667 | 0.667 0.75 | 0.715 | 0.727
R—EFE 0 0 | 0.667 | 0.715 0.8 0.8 0.8 | 0.824 | 0.857 | 0.828 | 0.842
R4 WEREICESCF— Ly b
Table 4 Dataset constructed from communication environment.
¥R EL o R F 0 5 10 15 20 25 30 35 40 45 50-
N 11081 4998 2574 1293 837 551 373 554 388 622 3181
Kang 5 O T 0.5 0.5 0.5 0.5 0.5 0.5 0.5 | 0.333 0.5 0.4 0
Liu 5O T4 0.5 | 0.667 | 0.615 | 0.667 | 0.631 | 0.545 | 0.632 0.4 | 0.667 0.5 0.4
REFE 0.667 | 0.714 | 0.667 | 0.714 | 0.667 | 0.667 | 0.714 | 0.667 | 0.778 | 0.667 | 0.667
9000[sec] 50
E|f (1)9 1 E H - H T (1)9 1
: R 2 e R R
B u 0.6-0.7 5] ] 0.6-0.7
9-0.5 iy ] 0-05
INEEEE BEiiySE 48 1] BEGiPEA8
O T @R 200k O T BEERE 200kn]
KangFikE LinFik REFIE KangF ik LiunFiE B’EFIE

11 BB L BERMICESTF—s kv b
Fig. 11 Dataset constructed from moving distance and moving

time.

F—¥ty b TR FHENED - 25HliG&E0KE, &
F A E o 72T L RICE 2 72 T30 FED 225 0.15
PDibd o 725Hlise oz ko 5. 727210, b v TEP
mqu@54m*#um&bu/7 HHVIE, B

— Y DEBENEZ LSND OGN E L2, [ 11
u7~9%v%®mA%tLT FEBh A & BRI IC B
V% S FEOFHIEFE RO S A EZ R L T b, K5O
LVIEEHBEF B L, A2 SAICH T CREIHEESE
{, T EZ» TEERHPE S, vrvotidfeik
ROWEZAROEKRTRLTVS, 22T, LML
Higmwiz & FME2E <, A2 HIawIEE FEMEW
ZEERLTEBY, Ny TED 10 DT O 54
BILTIEEVNIZ “ 2FRLTWaE. KD LIRRETFE
IMFECI, JRHA» O R ICBEREL e T &
TWbZEDNh5. BRI FHERER L LT 121 OFF
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12 BEEEE L BRI EO T -k b
Fig. 12 Dataset constructed from moving distance and number

of neighbor base stations.

filfige ko o TR R & 7% - 725EMi 4R 116 $ D, Liu
SOFHER 1, IREFHEIZ 99 DMLt TR &V FE
RN, 16 OFHIIGM CIIAREEIMERTCE L ho/z. £
72, FHilix SR FAEO Il L Kang 5 OFFA%0.52,
Liu 5 OFED0.67 THo 72D L, REFEEIRDLE
W 0.8 oz [FRRICE 12 3 REENEREE & EL 0 2 )5
BOFHEFE R 2R L THB Y, Gl REERD FAHO L
13 Kang 5 OFEH0.6, Liu 5 OFEEAT0.67 124 L, 7
FFHEIRLEV 08 Ehhorz. $72, B 13 R H) It
R (KER) ORMERS R Z/RLTHB Y, FHiidS4e
R FAEOHIUEIX Kang 5 DTEA70.5, Liu 5 OFED
0.67 1ZxF L, ARGl THIREF LI R D & 0.76 ThH -
7o. =T, X 11, XM 12, X 13 1@ L <, BEhiEE
A3 2km DINOENRBEICE L TIE MY v 7O EAS
HETE TRV LR L2, INE DK S BE)E
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Table 5 Evaluation results of two types of datasets.

F=F+tv b1 F—=%+tv b2 SISO | Kang 5OF#: | Liu 5OFE | RETE | AEEE | x5t
T8 IR AE T2 B)ReH 116 0 1 99 16 5

S iEt CDR % 118 2 1 99 16 3

T2 E) B kR L o 3R 115 0 1 100 14 6

T Eh Ak FEEm 2 (RER) 107 0 0 94 13 14

B e (A (Z21H) 111 0 1 102 8 10

BB REH CDR # 103 1 2 95 5 18

T ike [H Wil B8 o Bt )R 8% 120 0 1 103 16 1

T myE EHE(R A (RE) 111 1 0 99 11 10

FE B R[] e R 22 (Z218) 120 0 0 103 17 1
(R (FER) WA L 0 H R 100 0 5 88 7 21
e S (Z21H) Wedot I 8D 0 Ha I B 121 0 2 99 20 0

EHER A (FFR) R (Z20) 116 0 3 89 24

e (HER) CDR ¥ 108 0 1 91 16 13
FEvEfR 2= (Z21) CDR # 121 0 0 103 18 0
PR L O H R 4% CDR # 121 2 3 96 20 0
L 1708 6 21 1460 221 107
200 <, A TH 5 Kang 5OFE, Liu bOFHEERET
= £ ORI ACIRAEHEE ORI 2 T L 72, FFAE R © 1
B 08-09 TERBEDHEE TIZA T 0.85 L EOHEERFETH - 7275,
: m T 003 BEIRAER Liu 5 OFE L Kang 5 OFED 0.5 Th o 72
S T DIK L, BT 0667 Llrorz, Fi, BHIFICH
Kang ¥ Lin3k RRFE LT, 2—FoRETE), #BEITE), @SERED SR

13 BOpEEEE & B R () 1SR (TF—2 12y b
Fig. 13 Dataset constructed from moving distance and distri-

bution of standard deviation (time).

HEDSEREDIEMF O A N—2) THICIE D,
NV R =N L o7zl e EzbN5.
WEICR 5 IZEEDOT— % & v N O4HAETOFRE
RTHY, EFEICBVTRDHW FEE % o 725F-ili 504
DI, BREED 2o IFHliR O, RS TH o
SRS OB E R L TW D, T2, AEHIEEMx S0
MigefE D%, Kang 5D T, Liu 5OFE, _—ETE, A
HEL O OFGEEORE R L TWA ., KRS
SHRAFICIBWT, % T o 72 1,708 DFHiS&tED ) b,
PRETF P13 1,460 (85%) DFFZM: T Kang 5 O Fik &
Liu 5OFEL ) BAEEICBIIRELHETE LT & 2
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EDOFEDOEN0IS D ED ST L 2R L.

6. BbHYIC

K LTI ERED GPS L ) E L, BUSHHE AR
Hi7Z: CDRs O4F#ICH L 7- BB IR E TR 2 38 8,
S L 7. AT A5 582 Z D 2014 4E3 AN 1 A J
557® CDRs & GPS 5 AR L7z 26,452 O b 1) v 712k L

s Fe 3t 5
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MCHHE LT — %2y M 2D EICFHE L 7.t
LT, FEFHIT 1,708 OFFi&ED 9D 6, 1,460 (85%)
OFHIS M CHATF IR, BWiEEBETh 72, 72
7L, BEEM2YEW Ny TRoBEIEEES D Y

Wt L CREEGFETEEEDS L WIERTH 5 2 & 2 HER
L7z, REKE LT, BEEHED YR E OXEHF O A N —
UT7RICIE D, MoRIFIINY FEF =172
L, MEEBRTH S CORs s e o2 L8 EZ b
A, INLOMBEIZTL, ®EDOHED CDRs & 5 W I3AT
BAVELL L TW A A D CDRs #FH L 7-fi L% 2 Hiat L
IO EEALEED S .

BEE OARHANE, BBEO [CZEE 7Ty b7+ =241
B L) 7S A NEROFNE MBS 50786 %]
2 & BEEEE 2V CTEM L2 L AR TT.
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