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ABSTRACT

The location of the bus stop on urban roads should be installed at a point where it is convenient
for users and the impact of bus stops on the traffic flow is minimized. However, the location of
the bus stops is determined indiscriminately due to the lack of related research. Therefore, this study
developed a traffic accident prediction model and calculated the proper separation distance for the
bus stops through an optimization technique. The result of the study indicates that the bus stop can

Received 6 January 2022 be installed in the form of a mid-block approximately 87 to 166 m away from the intersection in
Revised 27 January 2022 the road section. This result is valid if the number of main road lanes in the road section is 2 to
Accepted 28 February 2022 4 with a level of traffic from 1,000 to 3,000 v/h. In the section with 5 to 6 lanes, it is desirable

to install a bus stop close to the intersection by about 42 to 97 m.
(© 2022. The Korea Institute of
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Source: Rui and Seo(2013)
<Fig. 1> Bus Stop Types

<Table 1> Comparative Analysis of Bus Stop Locations

Type Advantages Disadvantages
> May result in the intersections being blocked during peak
> Minimize conflicts between right turning vehicles and buses | periods by stopping buses
Far | Minimize sight distance problems on approaches to| °May obscure sight distance for crossing vehicles
Side intersection ° May increase sight distance for crossing pedestrians
° Encourage pedestrians to cross behind the bus > May increase number of rear end accidents since drivers do
Stop . . . . . .
° Creates shorter deceleration distances for buses since the | not expect buses to stop again after stopping at a red light
bus can use the intersection to decelerate o Could result in traffic queued into intersection when a bus
is stopped in travel lane
° Minimizes interferences when traffic is heavy on the far
side of the intersection o Increases conflicts with right-turning vehicles
° Allows passengers to access buses closest to crosswalk | °© May result in stopped buses obscuring curbside traffic
Nea | © Results in the width of the intersection being availabe for | control devices and crossing pedestrians
. the driver to pull away from curb ° May cause sight distance to be obscured for cross vehicles
Side .. . . .
Stop o Eliminates the potential of double §t0ppmg . stopped to the right of the bus . . ‘
o Allows passengers to board and alight while the bus is | e May block the through lane during peak period with
stopped at a red light queueing buses
° Provides driver with the opportunity to look for oncoming | ° Increase sight distance problems for crossing pedestrians
traffic, including other buses with potential passengers
Mid | ° Minimize sight distance problems for vehicles and| ° Requires additional distance for no parking restrictions
Block pedestrians ° Encourages patrons to cross street at mid-block (Jaywalking)
Stop ° May result in passengers waiting areas experiencing less | © Increases walking distance for patrons crossing at
pedestrian congestion intersections
4 QARTSAYR=EN 217, TH2%2(20223 4€)
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Lim(2003)S HZA3} EAle I3t EA9 T43 BAS £ZsE fPdos dukzlog FAFPS k=
EAZt Aoltdth =3 FHH3 EAls A AFEA ) nAEEAZR TEEY, J7|- HAEEA = &
Ay AFzA4] F 1) ool BlAdE] ASE o Y. nEekH FEAA FHHE BAE
g3 AT AHE RH, Daniel(2016)2] A= AFSEE 1kmhe] TaAE AL ATEE 3% S0l 4
T

f

HE 7L 0= AT ZHE EUE dSATHES o)1, AFHERE0 R % a3E HAs}slr]
Asl HH3 7S LR3IATh AN of AR wEALL A SFEY S o] &3t HASL 7S
ALE Fole A7 F3E v gl A2 AN weka B ATl e v 3 5 |
BAL SR A HAFFA o] AAYE F HFE 2835t 12k HAE EAE HIeon, g
3t H 23} 7|'*H T Newton-raphson methodE ©]-83}] U}, AT Rz} wFARLL

2 HA olgAEE 443t} <Table 2>+ Newton-Raphson method®] step= ZE &S 70|

<Table 2> Newton—-Raphson Method Step

Initianization

Step 0 Interation n=1

Randomly Inititialize value : z", €

Calculate value Vz(z")

Step 1 Calculate vV 22(z") -> Calculate [VZz(z")]™ !
If Vz(z")=~0 as Stop, or Go [Step 2]
Update z" value

Step 2
P 2= — (V2@ ) va(a)
Deciding Convergence
Step 3
&y lz(z" 1) — 2(z") < e
Step 4 n=n+1 as Go [Step 1]

1. Xz 8

ERuFETolA wdsts wEAa 22 3 AMAR EuXE Fe wEAa B s T 71xAs
€ FH8IAY. <Fig. 1>% <Fig. 2> wFARL 2E2 3 AR BaMd 58 239 AalfPd=st w
&, AT, 7sk2 @8-e Uehd Aotk o] e ARE F8dte] M2 FA] AT LA
o AL, AR A A AeE SR, wARN HAAY[FA7A Y oA T} BE wF
Ef . % AR oA A

Vol.21 No.2 (2022. 4) The Journal of The Korea Institute of Intelligent Transport Systems 7



K2oM HAYF

|=J

T HY olHAR MY AT

o4 o oomAE Dol 2 S, g DA 4ol H2BRYE
o) T2 BPH LEPS} A5 o Ag3t 237, $IA A2
al

Stk B9 WA ST Bhee AesE

FH2d Q23
7ol 0@ A2E 3
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kot <Table 3> 7+ FEEE 39 Ase| ALgs} HUg, Wd, 22094 A2 Aot 53]
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29 e 37 9F 44 wAFR A
B WEFY Hagto] 002 FHEeH, 7+ warzE
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oy Xe:]
A,

|‘ | m Accident frequency of Veh vs Ped : 4
| | Accident frequency of Veh vs Veh : 2
| A
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<Fig. 2> Traffic accident type <Fig. 3> Traffic status chart

<Table 3> Results of Data Collection

Variables Min. Max. Avg. Std
Vehicle vs. Vehicle 0 5 1.34 1.31
F Acci fir for i i
requency ccident frequency for intersection(number) Pedestrian vs. Vehicle o . 057 082
Distance Distance of bus stop from intersection(m) 10 187 47.20 35.88
Total 129 5220 1258.22 | 954.17
Vol Traffic volume(vph) Thru 0 4716 1005.90 | 924.40
olume raffic volume!
P Left turn 0 1031 14620 | 169.64
Right turn
0 567 106.13 123.17
Major 1 6 3.02 1.15
No. of Lane | Number of lanes for each approach(lanes) .
Minor 1 5 1.95 1.01
Lane Left Presence of left turn lane(none=0, yes=1) 0 1 0.58 0.50
Lane Right Presence of right turn lane(none=0, yes=1) 1 0.37 0.50
Cycle Length Signal cycle length of intersection(second) 75 322 159.34 48.53
2. MEEN U CIETHY BY
WFAL ASZEY S A% s ARS8 WFE e duEA s AT A A
<Table 4>%} 2t} 22} wEAkaLe] 79 H2AFE olqAY s w2 4ad7A(0.426), DA wEFHH
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<Table 4> Result of Correlation Analysis

I
10
ft

A=)
3 M2RFY ol AA %
BaEglon, 5450z

No. of | No. of
Frequency | Frequency Distance Cycle Left Thru Right Total N?aj;)r Jm; Lane | Lane
hicl Length | Volume | Volume | Volume | Vol Left | Right
(vehicle) (Ped) ngth | Volume | Volume olume olume Lane Lane gh
Pearson 1| 0287 | -426* | 0.146 | 0031 | 0051 | 0.029 | 593** | 0240 | -0.101 | -0.053 | 0219
Frequency | Significance | 0112 | 0015 | 0425 | 0865 | 0780 | 0875 | 0000 | 0.186 | 0.581 | 0.772 | 0228
(vehicle) | probability
N 125 5 | 125 | 125 | 125 | 125 125 125 125 25 | 125 | 125
Pearson | 0287 1| 573 | 0.141 | 0010 | 0062 | 0280 | -0204 | 510" | 0281 | -0.088 | 0.L19
Frequency | Significance |~ |\, - | 0001 | 0440 | 0958 | 0735 | 0121 | 0262 | 0003 | 0.120 | 0632 | 0517
(Ped) probability
N 125 25 | 125 | 125 | 125 | 125 125 125 125 25 | 125 | 125
Pearson | 426" | 573** | 1| -438* | 0077 | 0046 | 373* | 0301 | 435* | -0.050 | 0.135 | -0.079
Distance | Sigmfcance | 051 o001 - | o012 | 0674 | 0802 | 0035 | 0094 | 0013 | 0784 | 0461 | 0.667
probability
N 125 25 | 125 | 125 | 125 | 125 125 125 125 25 | 125 | 125
Pearson | 0.146 | 0.141 | -438* | 1 | -489"* | 0.000 | -0.181 | 0.140 | 0.130 | -0002 | -435* | 351*
Cycle | Significance | ) s | 0440 | 0012 | - | 0005 | 0998 | 0321 | 0444 | 0478 | 0989 | 0013 | 0049
Length probability
N 125 25 | 125 | 125 | 125 | 125 125 125 125 5 | 125 | 125
Pearson | 0.031 | 0010 | 0077 |-489* | 1 | 0000 | -0010 | 0.174 | 0049 | 0258 | 577" | -0.144
Left | Significance | 0oc | (953 | 0.674 | 0005 | - 0998 | 0958 | 0340 | 0788 | 0.153 | 0001 | 0433
Volume probability
N 125 25 | 125 | 125 | 125 | 125 125 125 125 25 | 125 | 125
Pearson | 0.051 | 0062 | 0.046 | 0000 | 0.000 | 1 0082 | 0276 | 0084 | -0.19% | 0.065 | -0.204
Thru. | Significance | o200 | 0235 | 0802 | 0998 | 0998 | - 0655 | 0127 | 0646 | 0282 | 0723 | 0263
Volume probability
N 125 5 | 125 | 125 | 125 | 125 125 125 125 25 | 125 | 125
Pearson | 0029 | 0280 | 373* | 0.181 | 0010 | 0082 1| 0006 | 0.157 | 0152 | 0.045 | 0.171
Right | Significance | o5 | 121 | 0035 | 0321 | 0958 | 0655 - 0973 | 0391 | 0407 | 0807 | 0350
Volume probability
N 125 5 | 125 | 125 | 125 | 125 125 125 125 25 | 125 | 125
Pearson | 593** | 0204 | 0301 | 0.140 | 0.174 | 0276 | 0006 | 1 | 0035 | -0.036 | 0.048 | -0.106
Total | Significance |0 00 | 0262 | 0094 | 0444 | 0340 | 0127 | 0973 ; 0850 | 0847 | 0795 | 0562
Volume probability
N 125 25 | 125 | 125 | 125 | 125 125 125 125 25 | 125 | 125
No. of | Peason | 0240 | 510" | 435* | -0.130 | 0.049 | 0084 | 0.157 | .03 1 0300 | 0210 | 0.141
: Signifi
Major ;ﬁ;gﬁ;ﬁ 0.186 | 0003 | 0.013 | 0478 | 0788 | 0.646 | 0391 | 0.850 ; 0095 | 0250 | 0.443
Lane N 125 125 125 125 125 125 125 125 125 125 125 125
No. of | Peason | 0101 | 0281 | 0,050 | 0002 | 0258 | -0.196 | 0.52 | 0.036 | 0300 1| 0241 | 0253
Minor %rg;i‘gﬁﬁcye 0581 | 0120 | 0784 | 0989 | 0.153 | 0282 | 0407 | 0847 | 0.095 ; 0.184 | 0.162
Lane N 125 125 125 125 125 125 125 125 125 125 125 125
Pearson | 0.053 | -0.088 | 0.135 | -435* | 577"* | 0065 | 0.045 | 0.048 | 0210 | 0241 1|00l
Lane | Significance | 200 | (630 | 0461 | 0013 | 0001 | 0723 | 0807 | 0795 | 0250 | 0184 - | 0907
Left probability
N 125 25 | 125 | 125 | 125 | 125 125 125 125 25 | 125 | 125
Pearson | 0219 | 0.119 | 0079 | 351* | 0.144 | 0204 | 0.171 | -0.106 | 0.141 | 0253 | 0021 | 1
Lane | Significance | o0 | 0517 | 0667 | 0049 | 0433 | 0263 | 0350 | 0562 | 0443 | o162 | 0907 | -
Right probability
N 125 25 | 125 | 125 | 125 | 125 125 125 125 25 | 125 | 125
AE d74 olAAT o wet At wFALe} AR A BFATE A2

A Aol A BRo] WA

% W2ARA o AAN} BAZNA M A4S AR LA
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<Table 5> Multi-collinearity Analysis of Independent Variables

Independent Variables Vehicle Model Pedestrian Model
VIF VIF
Distance 1.036 1.031
Total Volume 1.098 2.536
No. of Major Lane 2.076 1.056
No. of Minor Lane 1.984 1.853
Left Lane 2.567 1.976
Right Lane 3.013 2.765
Cycle Length 1.506 1.968
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WSAIL a5 2T wAZoM HAHFEZE MY ofHAR| &Y

of A3 7oz BAHUT. Thebd HFA o2 A BEAL SRY L Zold HARYL o] G5}l

N8+ a1, o]+ Equation 33 2t}

}/Eve/zicle) = exp (, 3.5739 — 0.0122$1 + 0.6308$2) ........................................................................ (3)
Where, Y| : No. of vehicle-to-vehicle traffic accidents
x, : Distance

vehicle)

z, : Total volume

<Table 6> Regression Analysis Results of Vehicle Model with All Independent Variables

Types Poisson Regression Model Negative Binomial Regression Model
Coeff. t-ratio p-value Coeff. t-ratio p-value
Constant -3.1239 -3.0358 0.0001 -2.5893 -3.6892 0.0001
Distance -0.0109 -4.1680 0.0000 -0.00819 -4.2380 0.0001
Total Volume 0.5158 4.5960 0.0000 0.4859 4.9682 0.0002
No. of Major Lane -0.0089 -5.3859 0.1050 -0.0076 -5.1568 0.1253
No. of Minor Lane -0.0075 -5.9850 0.1232 -0.0057 -5.4593 0.1452
Left Lane -0.0038 -6.1053 0.0959 -0.0026 -6.3258 0.0879
Right Lane 0.0093 5.1359 0.0859 0.0059 4.8792 0.0925
Cycle Length 0.0159 4.9857 0.1529 0.0167 4.5468 0.1325
« 0.0000 0.0579 0.9578

<Table 7> Poisson and Negative binomial regression analysis result of Vehicle model

Types Poisson Regression Model Negative Binomial Regression Model
Coeff. t-ratio p-value Coeff. t-ratio p-value
Constant -3.5739 -3.9130 0.0001 -3.1693 -4.1596 0.0002
Distance -0.0122 -4.8630 0.0000 -0.0211 -4.6490 0.0000
Total Volume 0.6308 5.0560 0.0000 0.1101 47111 0.0000
« 0.0000 0.0870 0.9301
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A}, 2ol oA agke) pvalueZt 0.7702.2 a=00|2Hs AF7IES 7176kA] Fatal At Hol =
olF AR o] At AoE FAHUT wetA HIFHOE AHEYPA wFAL SEY S FLolF 3
ARFGE olgate] NL3HA A, o]+ Equation 49} 2Tt
)/Ezfetlestri(zrl) =exp (72.7756 +0-0092$1 +0-4908!E3) .................................................................... (4)
Where, Y(pedesman) : No. of vehicle-to-pedestrian traffic accidents
x, : Distance
x5 : No. of major lane
<Table 8> Regression analysis results of Pedestrian model with all independent variables
Poisson Regression Model Negative Binomial Regression Model
Types
Coeff. t-ratio p-value Coeff. t-ratio p-value
Constant -3.1156 -6.3592 0.0000 -3.0692 -4.9535 0.0001
Distance 0.0098 4.7896 0.0000 0.01123 3.7620 0.0040
Total Volume -0.0178 -3.5986 0.0985 -0.02687 -4.4124 0.0946
No. of Major Lane 0.4569 4.5980 0.0000 0.2187 3.9582 0.0140
No. of Minor Lane 0.0251 4.2685 0.1052 0.0421 4.3548 0.1052
Left Lane -0.0048 -4.9574 0.0869 -0.0088 -4.4568 0.0769
Right Lane 0.0123 4.3265 0.1185 0.0192 4.6558 0.1074
Cycle Length -0.0218 -3.9856 0.0959 -0.0318 -4.1598 0.0829
« 0.0916 0.3529 0.8459
<Table 9> Poisson and Negative binomial regression analysis result of Pedestrian model
Poisson regression model Negative binomial regression model
Types
Coeff. t-ratio p-value Coeff. t-ratio p-value
Constant -2.7756 -6.6300 0.0000 -2.1340 -4.7921 0.0000
Distance 0.0092 4.4090 0.0000 0.0131 2.7620 0.0050
No. of Major Lane 0.4908 4.1760 0.0000 0.3170 2.3831 0.0170
« 0.0821 0.2921 0.7703
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Y, = exp(—3.5739—0.0122 X x, +0.6308 X x,)
Y, = exp (—2.7756 +0.0092 X x, +0.4908 X ;)
Where, Y, : No. of vehicle-to-vehicle traffic accidents
Y, : No. of vehicle-to-pedestrian traffic accidents
x; : Distance
z, : Total volume
4 : No. of major lane
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<Table 10> Proper Distance of Bus Stop from Intersection

No. of Major
Lane 1 2 3 4 5 6
Total Volume

1,000 156 132 110 87 65 42
2,000 176 154 131 108 85 62
3,000 188 166 143 120 97 74
4,000 197 174 151 128 105 82
5,000 203 181 158 135 112 89
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