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ABSTRACT

Schedule-based public transit routing algorithm computes a single route that calculated minimum
travel time using the departure and arrival times for each stop according to vehicle operation plan.
However, additional factors such as transfer resistance and alternative route choice are not reflected
in the path finding process. Therefore, this paper proposes a improved RAPTOR that reflected
transfer resistance and multi-path searching. Transfer resistance is applied at the time of transfer
and different values can be set according to type of transit mode. In this study, we analyzed the
algorithm’s before and after results compared with actual route of passengers. It is confirmed that
the proposed algorithm reflects the various route selection criteria of passengers.
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Hens A FE g G2 dH o R Tgx o2 o] &t AEE B THPyrga et al,
2008; Cionini et al., 2014; Wang et al., 2016). HloJ8 F22& FFA4S Yehle o9 =& 7 A28 4
Bl 9a8 749 UEYAE o] &3, &4 Fade olF ARl olsAe T Hlgo] AAdrt =3t
Az S F= 5 A 5= JF v Lo E o] FHTKKim et al, 2017).

5
HZole 2= o]& 7|kt dag|FEn ole} thEus SRS ol &ste FagEEe] MY
541 ATE FHAIZE 7ke] GNP FEL 7|E -3 B9 dloly 27} ohyg A AT
E ARste 19 dvlolE F4E ol8sta, I o2 AR B WA ET A4k Er) wET:E A

790] ATHWitt, 2015; Strasser and Wagner, 2014).

ool o REe] LYATE 7N G FELS LAY BE AFH - B AANE HE G
o]-§3ta Utk o] &} &5 47t BHEgE =8FQ olF AlRto] HAiTH, g AEE VM WME &
2zt A2 E B3t} AT diens o5 A= 58 MEshR gE o] oerz 35 Kol
13" G AZE 23 H U} QItkPark et al., 2001; Arbex and da a, 2015). =3, Ok wE T
o] A& HTuF UEYIANAE /1] AE Meo] L& Y & F IS B9 ikl A=2E 24T
% AthKim and Kim, 2009).

oje] B AFofA= &5 AgES uH S SYPAIE 7|6k dFns tF FAE g dugEs ANEst
ATt AR 7 dFns A2 24 432]F5<e RAPTORE /A ZlolH, 85 A3gs H=2 g4
oA 18T F JEF dugEHe FANAL B A2 S5 5T FYEE 4 HoqT ¢
Al BRI, FrEe W 2 8, HaAEH T B, Xekd 1t 5o 2 FEEYY FUIE ER s
Aol Bt Abe 2H5] 9 ER BA ATE H8351393, olE B9l ER o5 A5 AEE HE A
el BgE 4= ok &g, LA A B2AA7A] F5H gle AN tF AEE A4S F A=EE At
AR, o] FHANA FAF A2 A 72L& FHL3ATh

s A, ER BAY Al s AR A 59 FU1 750 AR B4 Ao ofd FIFs FeA g1
sl7] 918 7]¥ RAPTOR €1 8|&3 /AHE ¢ A& 4% 234E st 48 us7ie 4
AAZZHE FE3 A £AEQ olF AR 7} dug|Fe 4kE Ao FARE B4 AA %
g9 olF AEE F ol AlXL, olF Ad, &5 A, ER o)F HSE, tijl B2 ME 59 o7 84

7 W @J%E} ddsin, Age T MAE dauelES 7€ RAPTOR ¥1E|ERT 529 thaksh
AR Y 7EE NI 7 de HE AT F ATk

I. 33 9+
1. 23 o7 B4

2 A7 #EE dA7e PR 7N disaE AR g4 A7) vE A2 24 34 A, 35 A
g #d A7 Aot %**, 5‘143011 711%5]1 ﬂ% EAQ] EPAIE 71Hbl ﬂlvﬂ% 73‘i Al %}131
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Variable Description
g, Journey from stop s€S to stop eES
ey Driving information of vehicle v for the route r€ER
7o, () Minimum arrival time at stop p€S in m rounds
7 (t.p) Arrival time at stop p€S using ¢, ,£7 in m rounds
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, Route {R1}
STOP StoplD | A c D E F G
Stop
Sequence ] @ 8 4 - 6 7
StoplD —1—®
* Routes ———{R1,R2,R3, --}
* Minimum | = r-----
Arrival Time _O_Ei 08 Trip {R1}
Prior StopID1+— A -
1 @ 3 4 5 6 7 Sequ?e’;ce
08:00 | 08:03 | 08:05 | 08:09 | 08:10 | 08:11 | 08:13 | Vehicle1
tRLL'eh?

08:06 | 08:09 | 08:11 | 08:15 | 08:16 | 08:17 | 08:19 | Vehicle2

08:10 | 08:13 | 08:15 | 08:19 | 08:20 | 08:21 | 08:23 | Vehicle3

(Fig. 2) An example of data structure in RAPTOR algorithm
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Initialize variables, m=0 Initialize variables, m=0
mark startstop p
Any stop p in marked stops?

v

Y

Y

round = m

mark startstop p

-

L2

Any stop p in marked stops?

Y
Y

Journey(p, m) = Journey(p, m - 1)

v

round = m

v

ClearQ

Clear Q

v

Store all marked stops p and routes rin Q
Q.add(r, p)

2

unmark all marked stop p

Y

Find trip t for q

v

Board trip t and updating arrival time at next

z

stops if possible

Marking stop p if it has been updated

Any stop p in marked stops?

Find foot-path p' at p

v

Update arrival time at p' after walking if
possible

v

Any stop p in marked stops?

Find foot-path p' at p

v

Update arrival time at p' after walking if
b

possible

v

Marking stop p if it has been updated and
store journey in Journey(p, m)

v

Store all marked stops p and routes rin Q

Q.add(r, p)
v

unmark all marked stop p

Any qin Q?

It does re-board the
same route r at p?

Find trip t for q

v

Board trip t and
if it is not the same journey,

updating arrival time at next stops

Marking stop p if it has been updated

m=m+1

Marking stop p if it has been updated
and store journey in Journey(p, m)

m=m+1

(a)

(Fig. 5) Comparison of flowcharts

==N

\ 4

(b)

of RAPTOR(a) and our improved RAPTOR(b)
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S ok o, KF 10744 ZAARLNE BFHIL fAES 10097 HA g A0 Rop AHE
ST ZANE GASA G $AES olF AEE ZAFE ¢ F Utk F, B A oI9ol= e 3

Sl
2 Mg xdo] FHH o2 yeEoof dria AeHETh
2) &5 7d 4 &S XNEo| mE 4= AME Aot gl HY

ER 2Y A 8 798 85 A IFS golry] g 67k A2 vH ZF gevE gg
vl AT, <Table 2>l A =] ATt 4 A= &5 A 1A &2 29, 4% B &5
ol FAgleo]l Y &5 AFES A8 A, 48 e H2-AEE e 58 HAusA e A,
3% De At 7te] B5& M5stA ¥v A, A% Ee BE o5 s MIEA o A AR FeE B
E 35S HEsHA @= ALE ou|dith <Table 3> &% A4S 24 84 30802 AT A=3Y
u), Aedz AN Siste] g =23 AZE Yehd Aotk F olF Al X o)F
Az, B Az ER olF AR 3 Ado] BE wEE glholth

A3 A9 A3 BE vl EH, A8 A9 A <121 - A5 — B9 — 2543 o] E olF A
Zro] 41822 AN, &5 37} 3§l 73‘%7} 2HEET 43 BE 5ol uid Ade] HEEo] ¥ A
o &g 4502 HaRo| $eg kA ¢a uiE B4 ASER Ssste $e 23] ARV HA o)F Al
B ARRE AEHE AL AT 5 3 l HAZol A ks Aol W F7} thr] Azto] £AQFHUA F
o]F AZtE 54E 02 Z718IAY

(Table 2) walking adjustment factor and transfer penalties for different cases

case walli:ioi?i:l/zt)mem bus-bus (min) bus-subway (min) subway- subway (min)
A 0.83 0 0 0

B 0.83 5 5

C 0.83 5 15 5

D 0.83 5 5 15

E 02 5 5 5

F 0.83 15 15 15
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(Table 3) Examples of paths found of O-D(Nambuterminal Stn.—Isu Stn.)

case calculated path total journey time walking time
121 — Sungdong 02 — Bundang line — Line 2 41m Tm 35s
A 420 — 9711A — 421 42m 55s 8m 13s
420 — Gyeongui-Jungang line — 9711A — 145 43m 29s 8m 13s
121 — Bundang line — Line 2 54m 4m 20s
B 420 — Gyeongui-Jungang line — 421 56m 55s 8m 34s
420 1h 52s 3m 22s
420 1h 52s 3m 22s
C 420 — 145 1h 3m 29s 41s
1227 — 145 1h 3m 29s Im 38s
420 — Gyeongui-Jungang line — 421 56m 55s 8m 34s
D 420 1h 52s 3m 22s
121 — Bundang line — 360 1h Im 16s 1Im
420 — 145 1h 5m 38s 2m 50s
E 1227 — 145 1h 5m 38s 6m 45s
420 1h 11m 14m
420 1h 52s 3m 22s
F 420 — 145 1h 13m 29s 41s
1227 — Line2 1h 13m 29s Im 38s

A% ok A% CF MY, MAAE T B ARS A BT A9 B Cold 4200 vt
1§ A= = A 3R A2 olF A7 5
Stk tlal 48 Be) <420 — AlFRA — 2153 ol WA 7 Fo] gl AR B Aol
EEER e EER R ER s

4% BO 4% D Wlas, A B4 1 B AGE A HHT B9 <121 - BFA - 2549
AAY A A0S WAHS
4 2 8% glol ol gdtt 4

3 B9} A48 ES vl watd, 420

Al Fo] F o]F Ao 1A 1B 22 S715FT o] 2 Q8] <420 — 14559} o] =R o] A|7ho]
28 5022 AEI} F o]l%F AT INT 58 8EE ALEO HA =2 A AR HMAET
ulz| et o 2 A3k B} A3 FE W WSHH, 4200 HAE o] 83 F9 43 B} 43 FolA 55 1417

0% 52%7} 285Utk AR 4% FollAl & BE ks

o Aol Eot B4 glo] o) Fdhe F=s} A
sHo2, 4 Bk 43 FlA % o5 A7k gt Aol
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&%+ otk
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A9 A%E FRACE ANE 8% 49 B G2 AV FISH A2E SN ) A A
Fgol Wt B A WEFHS T2 AgEA H, o] s AA o] ol WS 2L e
R

T AT B, B A 2E A FER ofye} gho AVl mEtiE MR gE 427}
< AU

PRURH
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£ AT = EYAIZEE 719 RAPTOR ¢ g]5ol e Ada) g 42 84 78S 283 74
G &L AREAT FE e AN OF AR 4Es] s A A= B9 73S AAHH T,
352 sk AAHoNA B AFS 1T WS daeSel ALttt S A Fe F me o
2A AT ¢ AES S, BX o]F AZke 2As] AT B 2 ATE STk AR 4o
glEol e Az g4 ARE Blsy] 93 22 oS FEE A, Ak Wyo] Axel wXE IS
Rlsty] gk AES FYstATh AA $A9 o]F AR} AR g Aio] FARE Wwshe AEE
3t Ak W& o]43hH 7]E2 RAPTOR Li|E0 2 4H&3 A2n A $249 ol 4=
o} AR AE2E T gol 4=  deS AT =Y, S5 AdEE EA T wuitt ek
AR} AEHE e 2RI F AT

B AFA 83 3e AGH BH o]F £rv FAF olFH £HA oFd i Az g A
g & Qe Al itk FAF o)Fd e 5 AYS YF 1] ) Fs FFER TR 7
Zte] Bt Aggs Bl £ YRS 391, BR olF AR #eo] 2L JFsetARE 2, 9 o] F
e AEe 242 Brbsstn, $4 AT o HE Aotk

=3 B AN dsns AAAE | A olsA RS} d1EES B3 ANEE vuE MYt
T AANAM At =4 ARE FEaA 1 AV ok 5 diFus AAAE e Ak 59 7
& Fshs A7 AAE A&t vuddE £4T davt ok

FF AFodME AA A0l BE =R ol e ofd HIEE JHA T olF A2E AF3A=A
FAY F Ue AR AGHEL B Ao e S5 A ue 42 A4S Adsidet, ol9d=
AR Al 4Fe = 8F, 5 WA TE THHOE 3T F AEEF sof T otk =3,
A g fFPWT ofet g 3l 0-DY EEA Aol IS Y] el olE 1T ¢y
9| #40] do¥ Zow ATHTG
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