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Abstract There have been a lot of studies on route planning based on moving object trajectories extracted from
position devices. A method to find the Most Popular Route (MPR) was lately proposed. The MPR is the route
between two locations on which many users frequently move. The MPR can be found by observing the past tra-
jectories of many users. The found MPR can be utilized by a user who is unfamiliar in a certain region to move
around in the area effectively. However, in the existing method to find the MPR, the MPR is found only from all
the past trajectories, without any consideration on the time of trajectories. Therefore, there is a case where the
found MPR is not the actual MPR in a specific time interval. In this paper, we propose a method for detecting
proper time segments in which the MPR is effective. The time segments can be obtained by iteratively combining
adjacent smaller time segments according to the proposed combination rules.
Key words Trajectory, Location Information, Time Zone, Time Segment
oooMPROODOOODOODOOODOOODOODOODOODOOO
gooboobooobtooobobuoobobbooobobooobog

1. 0000

oo0ooOooo0oOooOo GgpSOO0OOOCOOOOOCOD
OGpPSOO0OO0DOODOOODOOOODOODOOODOOOD
poooboboooboooogobbbooobbooobobooog
gooboooooooboooboooboooboboooboboooonoo
O [1][2][8]4][p]6)CO0OOOOOD

Zaiben U [1]000000000O0O0OOOOODOOOOOO
Most Popular Route(O O OMPR) 000000000000

goooMpPROODOOOOOOODOODOODOODOO
oooooooOoo0o0ooooOoo0oO0oOoMPROOODOODO
gobooooooooooo
oo0ooMPROOOOOOOOOOODOOCOOOOOOO
gobooooooooooobooobooboooobooooDooo
gooooobooobooobooboboobobooobooooo
goboooooooooobooooooooooooooag



Route 1

Route 1

(a) HDEREH (b) ROFEREH

01 MPR-TOOOO

gooooooooboooboooobooboooooooooboo
goooobooooooobooooboOobooboOoooDooo
gooooMpPROODOOOODOOODODOO
ooooooooGgpsOOOOOOOOODOODDODOO
poobobooobooobbuoobbboobbooobo
goooooboooooooobooobOoooooooooo
gobooooooooooobboooboooooooooog
00 Most Popular Route in Time zone(MPR-T) 00 00O

2. 00000000 MPR(MPR-T)

2.1 00000000 (MPR)OOO

O00000Zaiben 000000000 DOOOOODOODOO
go0ooOoo0o0oooOoooobooOoOoooboooooooDo
JooD0odoO0doooOooooooDOoOoooooOoooOog
0000000000000 000000d Transfer Network
pgooobobobooboobooboboobbbobobooog
000 Transfer Probability 0 0000000000000
0000000000000000000000O0d0A0 Transfer
Probability 000000000 Route Popularity 0 0 0 00O
gooo MPROOOODOODO

000000000000 0d Transfer Network 00000
gooooooooobooobbooobooobouooooo
00 MPROOOOODOOODODOOOODOOOO MPROO
gooooooo

2.2 MPR-TOO0O

0l1g0ooooboooooMPR-TODOODOOODOO
010 (b)00D000D00000D0000000000

0 1(e) 00020000000 (Routel O Route2) 0 3 O
00000 (Trald Tra20Tra3) DO 000000000 Tral
O Tra2000000000 RoutelOOOODODODODOOODOO
000000 Tra3 00000 Route20O0DOOOODOOODOO
01(e«)0000000000DOOURoute2 000 Routel O
O00o000D0bO0o0OC0CUdODOORoutel MPROODOO
goood

000D 1) 00 l(e)0D0DOOOOOO0O0OOOOOOO
0000000000 1(b)0000 1(e) 000D 0O0ORoutel
000 Route2000OO0OOO0O0ODODOCOOOUORoOute2d
MPROODOOODOOODOOOOOODOODODO MPR
goooOoOoDbDoOooboooo MPROOODODOOUOODOO
poooo

3. DoUooooo MPR(MPR-T)O OO

MPROOOOOOOOOOOOOODOOOOOODOOODO

ooo0oooOoOo0ooooooo MPROOOOOOOOO
O02000000000

100000000000000 MPROOOOOOOOO
o0o00o0oo0o0U0oo0O0U0oOoOoOoUUooooOoooO
0 130000000000000000000 MPRODOO
oooooooooo

20000000000000MPROOOOOOOOO0O
goooO0oo0o0O0obD0obO0obO0obOO0o MPROODODODO
ooooo MPROOOODODOOOODOOOOODOOOOOO
0013000 10000000000MPROOOOOOO
ooooooooooooo

ooo0oooo0o0oooOooooo MPROOOOOOOO
oo0o0o0oo0o00oooOo0oU0oOoOoOoOooooUOooo
oo0o0o00oooOo0oo0ooooOooooooooooooo
ooooooo

3.1 00O0OoOooOooooo

o0o0ooooooTrToU0ooOoo0oooooo
001(00)00T7T0000000000KLO0O00000tM
goo0 MODOODOODODOOMOODDODOODO KO
oooooo

goobobooobooobboobobboooboboooo
oooOooooooooooo
002 (0000000)0000000 ATOOOO AT.s
0000 ATe0OD0O0OOODOOOOOO 1000O0OOOOO
0000000000000 o0oooooOoon ATO AT.sO
AT.e0J000 ATe—ATs+100000000000000O
T =UjL ATy (AT; N AT; =0) 0000

00000o00o0oooooUoU0 100000 200000
ooo0o0oooo AT, 0 AT, 00000000000200
oo0ooooo AT, 0 AT, 000000000000 00OO
O00AT,e+1=AT,.s000000000O0O0OOO0OO
00000 AT, 0 TO0000TO0O AT, 0 AT, 0000
oo00ooooo0oooooTrooooooooooooo
oooOo0oooO0o0o0ooOo00oooOoooooooOoooo
Algorithm1 00O 00O

3.2 000000000000

0100000000000 0000000000OO Zaiben
oo0ooo0oooooooooOoooooooooooogoo
00000oo0o000oo0O0o0ooOooDOoooooOoooon
oooooooO0oOooooOoo0ooooooooooooo
000000000000 GPSOOOO P = (p1,p2,---
o0o0oo0oooO0oooooOoooooooooooo
Stepl : 0O00O0OO0OOO
GPSOUOO p(e PHOOOOOODOOODOODOOODO
000000 GpSO0O00DOOODOOODOOOODOO
Step2 : 0OO0OODO
ooo0oo0ooO0o00ooOo00ooOoo0oooooooo

7p'fl)



Algorithm 1 Time Segments Combination
[INITIALIZATION]
Tset < {ATh, -+ AT}
[ITERATION]
for VAT,,ATy € Tset(ATo + ATy) do
if ((CHECK_ATy,,(ATq, ATy)) is true) then
AT,,=COMBINE(AT,, AT})
Tset < Tset U ATy, - AT, - ATy
end if
end for
[STOP CONDITION]
There exists no AT,, where CHECK_AT,,(AT,,ATy) is true
for any combination of a pair,AT,, AT}y € Tset (ATo + ATy)

oGpSOO0000DODOOODDOO
Step3 : 00OO0OODO
000000 0000ooooooooooooooooooo
0000ooooooooooooog
goooo00oooOoooooOooooooooogood
go0ooO0300000boo0goooooboouoooog
gooooooooooooo AT.s+i(0§i<%)DDD
000000000000 w 0000000 deg00OO0ODODO
O std(AT,) 00000 min(AT,) DOOOOOOODOOOO
oooo
e 100
0000 2000000000 AT, 0AT, 00000000
000000000000000 degy OOOOODOOOOO

davg = |avg(AT,) — avg(AT})| (1)
M _q
mow;
avg(AT,,) = % (2)
e [JOODO

o0oo0oooooooOo AT, 000000000000 O0OO
000000 std(AT»,) DOOODOOOOOO

std(AT,,) = \/Zﬁo (w; —Mavg(ATm))Q )

e [0OO
gooooooooooooboooboooooooooo
00 min(AT,) 000000000 0OOOO

min(ATm) = Wk (Vwi e Ww, < w,) (4)
gooow = (wo,--~,wM)

MPRODOOODOOOODOOOMPRODOOODOOOO
gobooooooooboooobooooo0oO0o MPROOO
goboooobooooooooobooooobo 2000000
goooooooooooobbooobooooobooooooo
gobooooboooooooobbooobooooooooooo
goooooo MprROOOOOOOOOOODOOODOOO
gooooooo

g2000000bo0oboboobooooboooboon
O00OO0O0O0O00O00oO0OO AvgOO AIDOO MostO O
O NumberAvgO O O NumberAllD O 0 NumberMost O 6 O
gooboooooooooooboobobobobobobo
goobooooooobobooboobooboobo 10bobo
000000ooooooooooooATyO0 ATs0000
00 Avg 00000000000 AT, 00000000
00 std(AT,,) 000000 « 0000000000000 2
0ooodooooo AT, AT, OODO0OD0ODDoDOooOooood
00 dewy 00O pOOOODO
020000000 std(ATys) 0000000000 davg O
0000o0oooo0oooooooO0 ATwsOQooooooo
gooooooobobobo

00 All 00000000000 AT,,00000O00OO
std(AT,,) 000000 00000

030000000 std(ATys) 0D0O00D0O00D00O000
00oooo ATy, 0000000000000 0O0O0OC0CCO
gooo

OO0 Most U0OUDUOOODOOO AT,,0000 (0O 1%
00)OODO0OODODOO0OO00O std(AT,) D00 «a0000DO
040000000 std(ATys) 0000000000 ODOOO
Most 00 DOODOODOOD ATy 0D0O0OO0ODOOOOODO
gooooooooo

00 NumberAvg 00000000000 AT, 0000
00000 std(AT,) 000000 «O0000ODUOO0ODOOO
002000000000 AT, AT, 00000000CCOO
00000 dey 000 00000000000 0O00O0DO0OO
gooooooobog ebonbo
050000000 std(ATyis) 0000000000 davg O
gooooobobobobobooboboobobobobbo
OAvg000O0O0OO0DOODODDDDODDODODODODODOODOODOOO
00 NumberAll O000000O0OO00OOO AT, 00000
0000 std(AT) 000000 « 000000000000
gooboooooooo egbonoOg

060000000 std(ATys)DDDO0ODOOODOOOOODO
0000000000000 00DD AlDO0O0oOoooooo
gooooooobobobo

00 NumberMost 00000000000 AT, 00O
0(@004%00)000000000 std(AT,)000 a0
goOobooo0ooo0oooboob0obobobOobOoDnog ed
gogoo

070000000 std(ATys) 0000000000 000O0
g000d00O00Oo0o0ooOooOoonoO MestoOb oo Oo
goooooooooooooo
00000o0o0ooooooooooooon Algorithm2 O
0oo0oooAlgerithm2 0000000000000 ODOO
gooooooooooo1oooboobobobo

3.3 Oooobooooobo
240000000000 7TO0OAT, 00 ATsO0O0O 80
goboOoooOoooboOoOosooooo LWOLLOLs0O0OO



(m)ggeew (B)¥EeEY ()¢S eER (B)gS&EER ()4 S s8R

(B)ggeeR

40

35

30

25

20

1s

10

A [——4]
NUAN
/¥ N\ ~~
: {I \'—\/ f;:\g If std(ATas)
N\ /
o <

Istd(aTas)

Istd(aTas)

istd(aTas)

——L1

Istd(aTas)

0 6 00 NumberAll

Istd(.ATas)

A ——L1
NN _
~  =/\A [
N2\ /
T~ s 3
HEEHEHEHBEEEEEBEEEEEEEBEE
aT aT2 AaT3 AT;%JQATS aTe aT7 AaTs

0 7 00O NumberMost

Algorithm 2 CHECK_AT,,(AT,, ATy)

INPUT : Time Segment ATy, ATy; Parameter «, 3, 7, €;
OUTPUT :combineflag;
boolean combineflag;
AT,, = COMBINE(AT,,AT})
[CONDITION Avg]
if (std(AT,p) of all edges) £ « and (the difference of the average
value for each edge) £ 3 then
combineflag = true;
end if
[CONDITION All]
if (All of the std(ATyp)) £ « then
combineflag = true;
end if
[CONDITION Most]
if (Most of the std(AT,p)) £ a then
combineflag = true;
end if
[CONDITION NumberAvg]
if (std(AT) of all edges) < a and (the difference of the average
value for each edge) < 8 and (the number of trajectories of all
edges) < € then
combineflag = true;
end if
[CONDITION NumberAll]
if (All of the std(AT)) £ « and (the number of trajectories of
all edges) < € then
combineflag = true;
end if
[CONDITION NumberMost]
if (Most of the std(AT)) £ « and (the number of trajectories
of all edges) < € then
combineflag = true;
end if
RETURN combineflag;
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