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ABSTRACT

Detour behavior on the expressway means that the driver uses the local road by passing the part
of the expressway which is stagnant at the time of the traffic demand such as holidays. Since the
detour rate was estimated through the survey at toll gate in the past, there was a difficulty in
estimating the actual detour rate due to the small sample of the survey. In this study, we use
DSRC-based route travel data to conduct empirical studies on detour patterns such as the estimation
of actual detour rate, the improvement of travel time using detour road, and the correlation between
traffic conditions on the expressway and detour rate. On the day of Chuseok and the day before
Chuseok, the analysis of Giheung-DongtanIC—OsanIC and Seopyeongtack IC—Walgott JC showed
that the use of detour roads increased gradually during the congestion of the main line and travel
time reduced when using detour roads, However, when the traffic congestion of the main line is not
severe, the travel time increases when using the detour roads. The correlation between the traffic



M
~

A28 E3HolE] 7|8t IEE2 25| e

HIT

condition of the expressway and the actual detour rate has a negative correlation, which is consistent
with the congestion pattern of the main line. The results of this study can be used to overcome
limitations of detour pattern research based on surveys in the past and to establish a detour strategy
for expressway sections where traffic demand is concentrated.

Key words : Route Travel Data, Detour Behavior, Detour Rate, Travel Time Reduction, Traffic Congestion
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<Table 1>3} 2t} ofg] Ao EPARI} 37 ARLE A2 dolelolM 2 AFo| EPHEE F435}7)
93l stold 2~ Ty MEE o] &3lGth o] dustE WIE T3l AEE 7 Age] S olEE T A
FEo® AEE TG, IC, IC 5 T2 A 2 =S wet HA¥ RSE Ao 7]xlste] 7]£9] wEAs
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tolEl & o] &3t THTARE JHgshe AAE] HFE AX AEERE o] &) 93| qH A4S FP3rh

i

)

<Table 1> Data scheme for DSRC raw data

Name Description Example
Date Passing date 20171004
Day Passing day Wednesday
Time Passing time 000000
RSE ID Roadside equipment ID 2100401012804
OBU ID Encrypted on board unit ID 1470064
Car type (name) Name of car type Type 1
Route number Route number of expressway 0010
Road stop Cumulative distance from the starting point of each route 280.4
Car type (code) Code of car type 1

E A2y volHe 223 IEER FFuolE X-oA ‘DSRC 9AAE ZA AFHY, $-3]3)
B 2ol ok Z 2ol RSE EHV| 28 F83 53 & AHZ Jlgste Fgo] Fasit) ol B A
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*MAD(Median Absolute Deviation) =median (| X; — median(X)|)

<Fig. 1> Data preprocess for estimating route travel
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<Table 2> Framework of detour behavior analysis

Section ‘ Route ‘ Symbol ‘ Trajectory based on DSRC ‘ Study site

Roadside equipment (RSE ] 1c @ i
‘ oadside equipment ( ) Detour Type 2 “""-.,.
“
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annnt®

s
.
o*

Main Route 0
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~ . /
N~ — N
...... — -
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Sub-origin Main route S A—B—C—D—E (Baseline)
IC) Detour type(1) — A—E Giheung-Dongtan IC—0Osan IC
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IC) Entrance - E -
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o 4= DSRC 7|5t A2 tlo|E & &83le] AZHE A 938 44 2 $3] A FPAIZE A4
=2 o] J#BA T 3 FEHE EAIAT 2019 F4 Mg} 4
7re] EES VDSERE HAE w5 U] DSRC H2F nEAHRZHE £33 53 A
4F3F A3} <Table 3>3 728 TEES HYTH

<Table 3> Penetration rate

Region Date Number of vehicle Number of vehicles Penetration Rate

€ passing (a) detected by DSRC (b) | (100 * b / a %)
Giheung-Dongtan IC—Osan IC | 2019.09.12. 105,363 26,899 25.4%
Seopyeongtack IC—Walgott JC | 2019.09.13. 56,887 3,978 7.0%

Penetration rate was estimated based on the traffic volume detected by VDS systems
1) LH-2-Lf S3/3E] 2AM: 7|SSEHC~>AHC F12¢

B4 Fhe] A BA % SIEE B9 S4% 93] We) 24 AIE <Table 4, Fig. 4@>9 Lk,
NEFHC-OMC TAAA 54 A, 834 33 43240 $HEE o) § wgo] 2 oz 37}

Average Traffic Flow

= 6,000
o4t
‘ S 5,000
- : E
| 4 - u
EZoay Fasner = 4,000
2uux] [N $
Giheung-Dongtan IC i £ 3,000
Suiier 42‘ E
i -~ é 2,000
21 z
a YL & 1,000
q 0
| 01234567 891011121314151617181920212223
|
o | é Time
&E
Average Travel Speed
g‘ 120
®¢ / g 100
~1 24T
o 1y Ew
72}
' § 40
=
T 20
i
(314 0
I‘ —_ ' 01234567 8 91011121314151617 181920212223
. RSEs on the Expressway ; ':"-‘. Time

<Fig. 2> Case study of detour road on Gyeongbu Expressway: Giheung—Dongtan IC—0san IC
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T ATl @A 6AIFE 134 o)A O AAE] FTlehe FElE BRI =3 3% A A9,
Aok AZE o] & &3S AAEt] @A 6AIFE 104, 154 F 18419 E ThE Aol HlE| w43
HAth o= Al FE(time-space diagram)’de] B AA7} AZEHIL FEFHE ARG dA§5s AR
A AARRE GAE AZE ] 5SA7EA] B AAZE 2o, sl Azt 3] &o] Tt 3
—\:Z\_‘E] /\}\.D]--

g3 $3ER o] 8 A BRI A B S Skl TS Haslelr] fEiA S92 AT
(median travel time)S &34 EA4S HAASHTE ¢ ] E"i}ll 7]""‘0,% TEEZ BA
7 Aol7b $3| =7 3t dojrn} gAuk, BAAn BA g7}t

<Table 4> Detour pattern: Giheung-Dongtan IC—0san IC, September 12, 2019

Number of vehicles Average Travel Time (min) Reduction in Travel
. q 1 3 g
o Passenfsil) vehicle Bus & Truck Passenf;; )Vehlcle Bus & Truck Detour Rate(%)" Tlmliol;zl?fﬂ Il;));tour
Main | Detour | Main | Defour | Main | Detour | Main | Detour | PV ]ijsuci‘ PV i‘:lci‘
0 1833 39 106 1 32.0 41.2 13.7 10.3 2.1 09 92 34
1 1530 234 37 1 38.5 36.5 35.8 29.1 133 2.6 2.0 6.7
2 1781 24 8 - 24.1 58.9 312 - 1.3 0.0 -34.8 -
3 1605 10 13 - 21.7 26.7 253 - 0.6 0.0 -5.0 -
4 1899 19 7 - 19.0 28.2 26.6 - 1.0 0.0 9.2 -
5 2460 20 4 - 344 44.8 28.0 - 0.8 0.0 -10.4 -
6 1806 35 26 - 453 64.4 36.2 - 1.9 0.0 -19.1 -
7 1237 29 81 2 45.8 54.5 350 36.4 23 24 -8.7 -1.4
8 1070 28 223 3 48.4 64.2 449 54.6 2.6 1.3 -15.8 -9.7
9 980 24 216 3 45.6 52.8 44.6 39.7 24 1.4 <12 4.8
10 1212 26 144 - 45.1 554 45.1 - 2.1 0.0 -10.3 -
11 1067 40 83 - 47.4 46.2 471 - 3.6 0.0 12 -
12 1123 46 71 - 37.6 422 38.7 - 39 0.0 -4.6 -
13 1171 12 55 - 24.8 32.7 222 - 1.0 0.0 -19 -
14 1557 12 39 - 14.4 33.6 8.0 - 0.8 0.0 -19.2 -
15 1421 30 22 1 10.0 12.5 6.9 7.0 2.1 4.3 2.5 0.0
16 1558 21 29 - 7.7 16.7 6.9 - 1.3 0.0 9.1 -
17 1267 15 19 - 7.5 13.0 6.8 - 1.2 0.0 -5.4 -
18 1077 24 14 1 8.0 10.8 12.6 6.9 22 6.7 2.8 5.7
19 1266 19 8 - 9.0 12.5 17.5 - 1.5 0.0 -35 -
20 1223 11 7 - 8.6 13.0 7.4 - 09 0.0 -4.4 -
21 1056 18 6 - 8.9 12.6 75 - 1.7 0.0 -3.8 -
22 765 31 4 - 8.4 12.2 6.9 - 39 0.0 -3.8 -
23 632 3 2 - 7.7 7.4 6.7 - 0.5 0.0 0.3 -

1) Detour Rate(%)=(Number of vehicle using detour road / Total number of vehicle)x100
2) Reduction in Travel Time using Detour Road(min)=Median travel time on the Expressway-Median travel time on the detour road
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<Fig. 3> Case study of detour road on Seohaean Expressway: Seopyeongtaek IC—Walgott JC
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<Table 5> Detour pattern: Seopyeongtaek IC—Walgott JC, September 13, 2019

Number of vehicles Average Travel Time (min) Reduction in Travel
. q 1 3 .
- Passen(g;; )vehlcle T 2 T Passent(g;; )vehlcle T 2 T Detour Rate(%)" Tnnliol;l?liig;mm
Main | Detour | Main | Detour | Main | Detour | Main | Detour PV Bus & PV Bus &
Truck Truck
0 4 22 1 2 31.0 34.1 41.7 50.4 84.6 66.7 3.1 -8.7
1 3 15 - 322 353 354 83.3 100.0 3.1 354
2 1 11 1 279 339 37.1 40.7 91.7 66.7 -6.0 3.6
3 3 8 - - 319 34.8 - - 727 - 29 -
4 5 7 - - 39.4 44.0 - - 58.3 - -4.6 -
5 13 27 - - 39.6 322 - - 67.5 - 7.4 -
6 16 87 - - 32.6 34.7 - - 84.5 - 2.1 -
7 44 123 - 1 39.3 36.6 - 65.0 73.7 100.0 2.7 -65.0
8 40 226 - 3 37.8 377 - 372 85.0 100.0 0.1 =372
9 61 268 - 3 43.1 420 - 36.7 81.5 100.0 1.1 -36.7
10 53 175 - - 74.5 65.1 - - 76.8 - 9.4 -
11 32 206 - 1 112.0 93.0 - 93.8 86.6 100.0 19.0 93.8
12 56 172 - 1 102.6 112.7 - 94.2 754 100.0 -10.1 942
13 39 127 - 2 114.4 118.6 - 111.6 76.5 100.0 4.1 -111.6
14 72 65 - - 98.4 102.9 - - 474 - 4.5 -
15 55 175 - 1 98.4 96.3 - 81.2 76.1 100.0 2.1 -81.2
16 47 142 - - 106.5 87.7 - - 75.1 - 189 -
17 86 155 - 1 85.3 84.9 - 89.6 64.3 100.0 0.5 -89.6
18 30 183 - - 65.4 74.2 - - 85.9 - -8.8 -
19 27 258 - 1 74.6 66.8 - 60.8 90.5 100.0 7.7 -60.8
20 46 224 1 2 719 73.9 56.3 63.5 83.0 66.7 2.0 271
21 25 268 1 2 75.6 74.1 89.7 93.5 91.5 66.7 1.6 -39
22 17 178 - 3 599 58.3 - 534 91.3 100.0 1.6 -53.4
23 5 45 - - 511 455 - - 90.0 - 5.6 -

1) Detour Rate(%)=(Number of vehicle using detour road / Total number of vehicle)x100
2) Reduction in Travel Time using Detour Road(min)=Median travel time on the Expressway-Median travel time on the detour road

Vol.19 No.1(2020. 2) The Journal of The Korea Institute of Intelligent Transport Systems 67



ox

2¢ sddlolE 7|8 D&z L3 24

100 160
50 e 5
90 Walgott p [T 140

RS
Jc .

IS
o

o0 4 dwnd e 120

100

Distance (km)

)
Distance (km)
©
3

Giheung-
Dongtan >
IC

N
S

10 ' 40

Seor ' LN VR TURRIRITY
10 pyeongtaek P> ! (R TR 1
IC

% Speed 0 6 12 18
(km/h) Time (5-min) (km/h)

Time (5-min)

(a) Giheung-Dongtan IC—Osan IC (b) Seopyeongtack IC—Walgott JC

<Fig. 4> Spatio-temporal speed contours

V.2 &

ol E B83tel AGEE T4 1ol UE 3PS BAINYAT 7]
wre] S8aE) ATE JUiAoR e MEEA EE 4 $9Ae] 7)%ol
So| BAZ AZENIE 2§37 ofHisint ¥ I FAF do|
AV $HFAF FHOE U 9318 AL FsAAT 93] A 5

D7 EAR, ol & AFANE A, ke £35S 8
PHES AASAT AT PEES B2 A8 )

A 98 % $9 4 S0 2 48, 29 25

og
re
-
rlr
w)]
7]
=
@)
N
T,
ol
fru
ofth

gt N
b

AT

o
I or

r;i
u
ﬁol"
H
oy, [
fru
ol
=
o,
o
N,
=
o
_1
ot
o
=
A
ru

SoEl 2Ae DHER B4 WF A A FE2S| S92} Fs TU 5 AL 2 GE wdd
2!
hal

IC—%J%JC AeBFE oz ﬂ%ﬂm 39 08 341

o 13.3%/1A12}, A EIC~>ERIC ?{MW IAIZES AEM P_S’ib}. 24 72 0
v $3E20| Zolg I 18-S o, é?—E 1'?—1'?:01] 1—& ﬁ Ho] g = 9o Ao R FPA
e 78S wols $IEE o) 8 A Z S FERIEE oE it uEEE B A9 938
S A R7] g8 EM FlEEe} 9389 dHRAAE g A, T g Abolof] Fof Aol &
AR ol B AAMHY dXFS AT F+ AUk

B2 AT ALR3 A2d B HolEE 14&EE BA B8] thelMe FR FFo] spsskAR vt
IEEE AWE, 75 59 =2+ RSE HAXE F3 HolE] 50| ofHY o= HolE7} 717l A=
Aot =3 B A I PEE gobs 98 24 7 A 9 A% B E 938 Ad
SHFAT 3= sld 7R BIAVE ARG Y HLdARE dojd 4 Ut oldg A W-9-u,
‘Y- 32 3P E /3] o2l B 5 ofle), W2 3] MR sl AT} AmE s

¥
it
o |
e
[\S]
2
\]
RN
8

68 YIRTSYR|=F7| 197, MI12(2020H 28)



Z2Y SAHolH J|gh DL 2 PE[AUE) 24

$EFA HGEA S8 FHN] oWk Bt £ ATAAE DEEE T4 T F YOS &
o T PPOE HUHY SYRNS FHFIA HHOM, oeF FAYS F2Y FAUIEEF o) §
@ SeAe AZRAo] Uolrlobd WS nelZTh

SF ATNNE FA B AT Fo] o iE, dHsh 2e AFNSE Foksl] $3YE BAL sk
ATE AYT Zolth. I W I ERAN O Lo} 0E o8B Bt HH SIPE BF
g A7E Aolth. o Jzko] AAH FHE 7 FY AL ATE o] §3te] A2 S YY) Y &S
9 9307300 o BAEA A2 YA AN Zolth old B G ATE o WELLI BT
P D&EE T4 LEAPE SN AT, 4R AR AT § G SR S0
Fg5old F e oz waEn

ACKNOWLEDGEMENTS

B A= S ENE7]|EX Y9 EA 34 (19RDRP-B076268-06)2] A Po 2 35140, 201919 SH=ITSSH
3 FAsEU Y AAENE =8 A -1t FAsE ST

REFERENCES

Choi J. S., Sung H. J., Kim S. H., Park J. and Kang W. E.(2010), “Analysis of Influencing Factors
of Traveler Detour Making Behavior for Providing Freeway VMS Information,” The Journal of
The Korea Institute of Intelligent Transport Systems, vol. 9, no. 3, pp.41-50.

Choi K. C,, Jang J. A., Kim S. H. and Kim J. S.(2004), “Diversion Rate Analysis for Various Detour
Information on VMS-Focusing on National Road Number 3,” Journal of The Korean Society of
Civil Engineers, vol. 24, no. 6D, pp.873-880.

Choi Y. H,, Choi K. C. and Oh S. H.(2007), “A Study on Information Media Affecting En-route
Diversion Behavior on Driver's Decision Making,” Journal of The Korean Society of Civil
Engineers, vol. 27, no. 6D, pp.705-712.

Expressway Public Data Portal, Korea Expressway Corporation, http://data.ex.co.kr.

Haghani A., Hamedi M., Sadabadi K. F., Young S. and Tarnoff P.(2010), “Data Collection of Freeway
Travel Time Ground Truth with Bluetooth Sensors,” Transp. Res. Rec., vol. 2160, pp.60-68.

Han D. H. and Kim S. H.(2016), “An Analysis of Highway Detour Route Using Vehicle Trajectory
Data,” KSCE 2016 Convention, pp.29-30.

Haseman R. J., Wasson J. S. and Bullock D. M.(2010), “Real-Time Measurement of Travel Time
Delay in Work Zones and Evaluation Metrics Using Bluetooth Probe Tracking,” Transp. Res.
Rec., vol. 2169, pp.40-53.

Jang J. A., Moon B. S. and Choi K. C.(2005), “Assessment of Diversion Rate by Detour Traffic
Information Provision Freeway,” Journal of The Korean Society of Civil Engineers, vol. 25, no.
2D, pp.221-226.

Kang M. W., Kim S. J. and Shin Y. E.(2017), “Simulation Effects of Divert Route on National

Vol.19 No.1(2020. 2) The Journal of The Korea Institute of Intelligent Transport Systems 69



22 SO olE 7|8t AL 2 P|UE) 24

Highway Section,” KSCE 2017 Convention, pp.1513-1514.

Kim H. J. and Jang K. T.(2013), “Short-Term Prediction of Travel Time Using DSRC on Highway,”
Journal of The Korean Society of Civil Engineers, vol. 33, no. 6, pp.2465-2471.

Kim H. J., Kim Y. H. and Jang K. T.(2017), “Systematic relation of estimated travel speed and actual
travel speed,” IEEE Transactions on Intell. Transp. Syst., vol. 18, no. 10, pp.2780-2789.

Ko H. G., Choi Y. H., Oh Y. T. and Choi K. C.(2012), “Analysis of Diversion Rate using Expressway
Traffic Data (FTMS, TCS): Focusing on Maesong™ Balan IC at Seohaean Expressway,” Journal
of Korean Society of Transportation, vol. 30, no. 3, pp.31-41.

Lee J. and Chung J. H.(2007), “Study on Information System on VMS in Consideration with Multiple
Iternative Routes,” Journal of The Korean Society of Civil Engineers, vol. 27, no. 6, pp.691-696.

Lee J., Son S. and Kim H.(2019), “Long-term Prediction of Freeway Travel Time Using Route Travel
Data,” Journal of Korean Society of Transportation, vol. 37, no. 5, pp.399-409.

Lee S. J., Yeo J. H. and Jang K. T.(2018), “Analysis of expressway mobility pattern using
RFID-based trip data,” The 2018 Korean Institute of ITS Conference, pp.548-553.

Puckett D. D. and Vickich M. J.(2010), Bluetooth-Based Travel Time/Speed Measuring Systems
Development, University Transp. Center for Mobility (UTCM) Project #09-00-17.

Xiao Y., Qom S. F., Hadi M. and Al-Deek H.(2014), “Comparison of Instantaneous and Experienced
Travel Time Using Point Detector Data and AVI Data,” Proc. 93th Transp. Res. Board Annu.
Meet., Washington, D.C., USA.

70 OI=TSYR|=EN| 197, M12(2020H 22)



