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A Travel Time Budget Estimation Using a Mobile Phone Signaling Data

ABSTRACT

This study proposes a novel approach to explore a “travel time budget (TTB)” using a mobile phone signaling data (MPSD), which are
passively generated between a mobile phone and a base station. The data analyzied in this study were provided from KT for 8 days (from
May 19 to 26 in 2016). They were about 45 million signals passively generated from users whose stay area during night was classified
as three areas in Mapo-gu, Seoul and in the city of Sejong. The estmation of TTB was implemented with various pre-processing
techniques on the MPSD data in a data-driven analysis. As a result, the TTBs of Mapo-gu, Seoul and Sejong were 82.94 and 80.70
minutes, respectively. The results in this study were also compared with those based on the traditional methods. The authors expect
that this result will help transport experts improve the use of MPSD.

Key words : Mobile phone signaling data, Travel time budget, Travel time expenditure, Mobile big data

x5
2 A= JQ) FhAske) B4 7R 7o WAER= Al X]-E(mobﬂe phone signaling data: MPSD) 714+ %3] A]7}oj|2Ktravel time
budget: TTB) 4% 3-S5 Avlgich 75 S8 AH8-d tlolH= @ACIE(KT)N4 2016'd 59 19958 201619 5¢ 264713 &5

A LT 37 B3 AEEPEAIAF AFA 2 BRE AR I’H*PO 7% 44,781,693710]t}). TTB 4H&-2 Data-Driven HL&]QE zl
= MPSDel| vl A2 24 S8l = 3Uek. 21 23} vz y-o} AlFA1e] TTB= 2442 82.94%7 80.702 0.2 Uepskon, =
A3k kel 18 71 Q17 Asbel vl T BASISIT A0 B AT PF WERFMPSD $8-< 918 240 702 7m45m

2A0] : 71 Frehdst s Abs, SAARERE, FHAIIAZE, B4 HlelH

LME

7|Q1e] B B3l AEshs A 3 3 ARES onjsls 3 ARt Ktravel time budget: TTB)V 1 A7} A 5o]
=93 BT Fgo] IA 60dZF 53] AE o)kt Tanner, 1961; Zahavi and Ryan, 1980; Marchetti, 1994; Schafer and
Victor, 2000; Mokhtarian and Chen, 2004; Kim et al., 2009; Stopher and Zhang, 2011; Choo and Na, 2011; Ahmed and
Stopher, 2014; Stopher et al., 2017). 22} TTB A= AAtAtdl] upg} 71e1e] 4 o F3YAJZH( o], Zahavi and Ryan, 1980),
2RgAk, QERloloh e T FA|E o)&dh= 7i/1e] o Bt S8 AR, Chumak and Braaksma, 1981), 2-%10] 2|iQ] AFghEe]
B kol dask Be(HAE] S)S ALt i1 A Bt F3 AlT(el, Downes and Morrell, 1981), 13) & B]HF 53

* 22389 - gty EA]FE} 2l (member - Yeungnam University - tpgist@yu.ac.kr)
** 3 - dgign =AFET 24X} (member - Yeungnam University - cynicalnsk@ynu.ac kr)
*rk WA} Sl AT 7k gl o HAME T £ (Comresponding Author - The Korea Transport Institute - tjsongl 7@koti.re.kr)

Received February 7, 2018/ revised February 27, 2018/ accepted March 17, 2018

Copyright © 2018 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




41 Hyole g

(non-motorized and non-work trips)& A|2|5F & Hit EPARE
(¢dl, Levinson and Kumar, 1995) 5 =& ou|g AREEATk
& IFA| wet 54 Bt S5 tiste] TTBE
Aefsle] ATE sl Pk Egk i G TIBE 57981
w}, TTBe Gaks vjxle= RS 4181 ol Eoled 58
T QAL wE Al Aa) FHEY aE A E AR S
g3k ok 1A B dAFtelxe TTBE 4 FHo 7119
EHT SR Aok

TTB+ 7iR19] AlE7H4 38 e /s sk wiol,

2 S} Asolgk o WAL F8e AT 4 ol v
W, See] S8 A o W) 5 Fuslor TR
ol TeskL Qluk 1efh A AREA 7)) HjopH o
sl wek ke A} Al WS FRe] Sl e
Wao] Al=EA k. 53] AXFE$]AAl(global positioning
system: GPS) 73] &8, Wl 22§41 aghr] Alo]ol] 12kt
E3712XEE 7)Z(call detail record: CDR)3} 2}5 55 283}
TTB 77} =Iick GPS ule] 4 vl ekt 7jele]
o]F AR vleto] 7kssh Aol glov, X8| SEE e
ol gk sA7E At gk CDRAFRS 75 AREAE
A s E AR ARt AR &3 FAl 7R
2] E gjeto] Thsst] wiitoll, ARgAte] HE o] s A=
getell= A EAg

sk, Q] Frodsle Al Als Aot 7P =2 7RIS
A& 0 2 FAl(mobile phone signaling data: MPSD)-S- gt}
=, i) Froidstke] o] AR Fejore Froistel 7 1A=
Froll= A|&2Q1 FAlo] o] Fojxint. whepa 7] T3 o=
olssA 578 Aol ARk Be- wEE B4l 7RIS Wl
e el g Utk £ 9] 532 o]t 4 7A=Y
13} gH 52 MPSD #l&5 2H83fe] A= TTB 2k s
sk Aotk AF-E S8 ®FACIE(KT)olA 20161d 5¢
1991328] 20161 591 2690744) A L5A] vRET] 37 531
AFESEAAA ] 8k Ao BRE ARAIES o=
THE 44,781,69371¢] MPSD7} 285 3jth MPSD= al5-Hok
o] A ARl whzl, A=) 2ol thek A/ o el
TTB 2Fg& 13k ko] Ae] s 2= Avfsps, wpAldt
© 2 MPSDE Z-83F ot A|2e] TTB A A& Avfight

1) S3ARIPKtravel time budget)o] Bok= 7iR1] o et “53de] A3t
= 3 ARk ¢n|E, TTBRTR= TTE (travel time expenditure)zi=
fof7} IS F33F gofolAnk, TTBS} TTEE E83A U TTBE
HEHO R AME3h= Zlo] UNHA]L

458 Journal of the Korean Society of Civil Engineers

TTBe] T S7%= 1960\ Tannero]] oJsf Hx=2 G749
a2, 1980d Zahavio] oJ3] TTBEl= 807} HZE AREE T
o]F TTBe| thgh 4+ ASE TTB A& E&317] S8t
-t EA] F TTBE Bladh= A7 5 979 »S7F 34t
gfi=a Aok TTBAT thgt dd= A 2717 F3Ee=
EREh &, TTB7F 54 o2 dgsp vepdois a7t}
AR o2 g o Qlokes vigelth IfelE 71E e
AN A7-27= TTB7} A8 o2 e 7+ AT
Axk= 54 oo ks AS & 5 Utk &= ol
AxR= =A19] 729 AFHEe] Ak A sat Wgsh
ASS HA £ Q) oL TTBo) gk F28 a7 AlEls
A&t 2714 F3l <3 #e dgstaat stk

4, TTB7F A3k kel 75 AL, Zahavio} Talvitie
= 2 A 1) AIE dio = vlagh sk, TIBE: 6630
T8%0% ) QPP ghow SHsS ATk Zahavi and
Talvitie, 1980). =8} Zahavi®} Ryana w2 )48l DC9} \ju|2
£} EEle) 4§ 220 4w} 59 o TIBE LIARLS
= P VR, S57) 10k el TTBE 374
ATk A ST Zahavi and Ryan, 1980). Marchetti=
7] EAFrze} TIB /S Tefslel, TIB7 1R 94
sl ol IFEH Egol] 71jIshe 2o R Fgst it (Marchetti,
1994). A AA 117] AP 2HE X3 A8E 7¥te g
Schafer2} Victore= zh | 2 TTBE o 6880 2 UAIS
ZFA319ti(Schafer and Victor, 2000). Joly: =4 tlZnl%
F3)eM 8 1007 =A)9] B3 A=E 7Nk 2 SRS
Fsgion, Fws FaAe Sl Bl ot FAs
w7} Z7hechn TTBY} g eherha F4sisirioly,
2004b). AEE ¢ L 20021 A& 73 HEIRAF AR
B vilgo psiglon], el TIBS 788580 Alsh
QJri(Kim et al., 2009). 2002435} 200613 7} S e 2A} 2}5
£ 83l Y59} Lsde 2002 Ae2] TIBE 83.41%,
AHL 76,79%, A== 76.29%0 2 AASHIL, 2006132
739 e 8348, Q1L 75.65%, 7w 785280 2 77}
TTBE A|AI3FtiChoo and Na, 2011).

TTB7} Alggd e s e o= Qlvjal yehd o5 Akl 5
AMEZZA| 2 H|o] ofJofg|o] 71 T3 HE|RAF AR ATE
Z18g&}k Purvisi= TTB7} 196119]] 523, 19811d0]] 655, 199010]|
62820 = thaA vehdtla wEstsiciPurvis, 1994). Levinson
T} Kumar= 9% DC2] 19683 7|17~53) Ael A1 5.2} 1988
A AFPER AR RE vlarg A3 TIBE 2900] S v




o] A% 1968 852, 19881 1013202 2632 =7}, Agjo] Y=
oAde] 79 1968 798, 1988 9320 2 148 Z/133-S
AAESIHLevinson and Kumar, 1995). =] thEuls g3
FHE 1007 =AS] F o] AFeE HlRe & vss] A
FFTEAE K3 Joly= TTB7F Fr¥deHl ssteld s
Fol& AL v@HHolaL njEgHlgaL FAsITiJoly,
2004a). van Wee?] 731 U= 7753 AezAL A
718k 2 42308} SiellA], 1979104 1998 Ato] TTBE 7%
S8 Ao AXBlIT van Wee et al., 2006). =] 71753
AeALE vlEke 2 Susilo2} Avineris 7} 7520 wle} TTBE=
672olA 712 Ato]= B/3EE AATsHITkSusilo and Avineri,
2014).

AAE vle} RFo] 7]1Ee] TTB A& 913l ARSH 5=
A7 TR AR 7IR1] 53 e Almelvk =, =uie]
735 A =19 ©F 2% nRkS tYdo 2 g AEEA T X1egs
1, o] ZAkE 7Nke 2 TTB7} ket weh 44 A=
gk 2l de] At S 5 Qlvk wegh 7R A E AR
St} A, 71 HERARE 7I9EeR R E]] wfio]
Ao tigk 22 g -SR] AFAg SRl ofEgit wegh
70Q19] F AL A= SERte] ZAv)idet 7]ofe, B Hd

ol olal B} wAE hsAo) B olze BAE 2]
S8 = A7 JiRle] v)elelel) slEst At obd ARl ¥4
E27)719] <] s MPSDARE $-8510] TTBS 2428kt
4} shlck

3. SHHH0IE L R A X1z It

3.1 Sl HlH[o[Efe] iR

MPSD+= 7HQ1 Feids} 71719} 71Af=o] Fards Als Alss
gkt o] Abms A Froiske] de] AR QAL o] 71717}
71A=9] Y (Celhel] Q1S o, AU A=E IS F s
dxle] vk MPSDell= AR 1D, “§418H 71A1=9] 914,
71 EA AR Tl EREE oISl o] T AREAL
D= 7HQPg R E S o) whet 7iQlS wolet 4= gl= Al3e] ID=
FAste] BEjEs Alo] dukaot) of7]el FAIg 7]Al=e]
AAR= A FeAst 71719k A Famks 7A=Y 9AE
owgitt Fig. 12> MPSDE] 7ids viehdl Zlolet Z1iel] Ajaje
ule} o], 7]R|=ro] Hxd(coverage)dhs ¥ J9e x|l R
YA yepdt) 5, AR ] - vike- Ee] glow, A
ot Ak} At o] e AR Hik= WAl |4 Aol

mm X coordinate of cellular station Y coordinate of cellular station Signaling time

1 1000 Xa
2 1000 Xa
3 1000 Xg
4 1000 Xg
5 1000 Xg
6

1000 X

Ya Ty
Ya Ty
Yg T
Yg Ty
Yg Ts
\5 Te

Fig. 1. Recording Concept of MPSD
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Fig. 2. Recording Concept of Reduced MPSD
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Fig. 3. Spatiotemporal Travel Activities of a Mobile Phone User3)
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Fig. 4. Spatiotemporal Travel Activities of a Mobile Phone User After Preprocessing

Table 1. Assumptions for Travel Activity Screening

No Time period Assumption Activity
1 00:01~05:00 if stay time is more than 3 hours Home
2 05:01~09:00 Travel Home to work
3 09:01~12:00 If stay time is more than 2 hours Work
4 13:01~18:00 If stay time is more than 3 hours Work
5 18:01~21:00 Travel Work to home
6 21:01~24:00 If stay time is more than 2 hours Home
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Table 2. TTB by Age Group in Mapo-gu, Seoul (Unit: Minute)

rsemon || arkionome | T8 | Asemau M et tonome | T
21~25 37.84 42.69 80.52 46~50 39.27 43.47 82.74
26~30 38.46 43.78 82.24 51~55 38.04 47.19 85.23
31~35 40.08 4441 84.49 56~60 41.68 44.81 86.49
36~40 38.9 4448 83.38 21~60 38.88 44.06 82.94
41~45 39.95 45.38 85.33

Table 3. TTB by Age Group in Sejong (Unit: Minute)

e [N e N et T | s | et g
21~25 34.35 41.57 75.92 46~50 39.91 40.87 80.78
26~30 37.47 41.87 79.34 51~55 40.87 43.13 84.00
31~35 37.88 41.35 79.24 56~60 42.75 44.44 87.19
36~40 38.89 42.38 81.27 21~60 38.50 42.20 80.70
41~45 38.93 43.64 82.57
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