ZEXAT HMl96F(2018.3): pp53~65 http://dx.doi.org/10.15793/kspr.2018.96..004

Hoisat i 28E OFH P
SR|TAIZ WAL B 7E0| Bt 7

A Study on Traffic Accident Model Using Random Parameters Poisson at
3-legged Non-signalized Intersections

Zej& Kim Taeho®, ®71& Park Minho™

Abstract

This study aims to develop a statistical accident model at 3-legged non-signalized intersections with random parameters
Poisson method to find the elements affecting traffic accident frequencies. Meanwhile, non-signalized intersections
have been treated relatively poorly compared to signalized intersections, which result in fewer studies than signalized
intersections. In addition, the previous count models with fixed parameters are not enough to explain the integrated
variations in terms of spatial-temporal characteristics road segments or points have. This drawback of the traditional
count models results in the underestimation of the standard error of the derived coefficient and finally affects the
low reliability of the derived model. To diminish this problem, this study uses the random parameters which take
into account the heterogeneity of all the observations. As a result of the analysis, 13 variables were found to have
statistically significant variables, 10 variables of which were found to have fixed parameters, and 3 variables (# of
entrance/exit on major road, Existence of pedestrian crossing on minor road, and Existence of median barrier on
major road) were found to have random parameters indicating the effects on accident frequencies could be varied

at each intersection.
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Figure 1_Definition of 3—-legged Non-signalized
Intersection
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Table 1_Definition and Statistics of Major Variables

Variable Descriptions Mean Std. Dev | Min. Max.
# of Accidents per Year 0.741 1.438 0 8
# of Lanes on Major Road 1 1.893 1.051 1 6
# of Lanes on Major Road 2 1.929 1.002 1 5
# of Lanes on Minor Road 1.643 0.721 1 4
# of Heavy Vehicles Driving Straight on Major Road 1 75.071 71.081 4 348
# of Left-turn Heavy Vehicles on Major Road 1 34.714 | 52.548 0 204
# of Right-turn Heavy Vehicles on Major Road 1 0.000 0.000 0 0
# of Heavy Vehicles Driving Straight on Major Road 2 79.000 64.343 0 252
# of Left-turn Heavy Vehicles on Major Road 2 0.000 0.000 0 0
# of Right-turn Heavy Vehicles on Major Road 2 16.000 | 35.486 0 152
# of Heavy Vehicles Driving Straight on Minor Road 0.000 0.000 0 0
# of Left-turn Heavy Vehicles on Minor Road 19.143 31.635 0 136
# of Right-turn Heavy Vehicles on Minor Road 24.286 35.969 0 128
# of Vehicles(Except Heavy Vehicles) Driving Straight on Major Road 1 139.357 89.284 8 364
# of Left-turn Vehicles(Except Heavy Vehicles) on Major Road 1 49.071 58.318 0 212
# of Right-turn Vehicles(Except Heavy Vehicles) on Major Road 1 0.000 0.000 0 0
# of Vehicles(Except Heavy Vehicles) Driving Straight on Major Road 2 131.714 88.104 28 328
# of Left-turn Vehicles(Except Heavy Vehicles) on Major Road 2 0.000 0.000 0 0
# of Right-turn Vehicles(Except Heavy Vehicles) on Major Road 2 29.857 57.813 0 272
# of Vehicles(Except Heavy Vehicles) Driving Straight on Minor Road 0.000 0.000 0 0
# of Left-turn Vehicles(Except Heavy Vehicles) on Minor Road 35.429 60.363 0 252
# of Right-turn Vehicles(Except Heavy Vehicles) on Minor Road 44.143 62.639 0 260
# of Entrance/Exit on Major Road 1 0911 0.935 0 3
# of Entrance/Exit on Major Road 2 0.839 0.886 0 3
# of Entrance/Exit on Minor Road 0.946 1.064 0 4
Existence of Left-turn Exclusive Lane on Major Road 1(yes: 1, otherwise: 0) 0.179 0.385 0 1
Existence of Left-turn Exclusive Lane on Major Road 2(yes: 1, otherwise: 0) 0.000 0.000 0 0
Existence of Left-turn Exclusive Lane on Minor Road(yes: 1, otherwise: 0) 0.214 0.412 0 1
Existence of Right-turn Exclusive Lane on Major Road 1(yes: 1, otherwise: 0) 0.000 0.000 0 0
Existence of Right-turn Exclusive Lane on Major Road 2(yes: 1, otherwise: 0) 0.036 0.186 0 1
Existence of Right-turn Exclusive Lane on Minor Road(yes: 1, otherwise: 0) 0.214 0.412 0 1
Existence of Pedestrian Crossing on Major Road 1(yes: 1, otherwise: 0) 0.224 0.432 0 1
Existence of Pedestrian Crossing on Major Road 2(yes: 1, otherwise: 0) 0.375 0.486 0 1
Existence of Pedestrian Crossing on Minor Road(yes: 1, otherwise: 0) 0.393 0.491 0 1
Existence of Median Barrier on Major Road 1(yes: 1, otherwise: 0) 0.929 0.259 0 1
Existence of Median Barrier on Major Road 2(yes: 1, otherwise: 0) 0.929 0.259 0 1
Existence of Median Barrier on Minor Road(yes: 1, otherwise: 0) 0.607 0.491 0 1
Existence of Lighting System on Major Road 1(yes: 1, otherwise: 0) 0.804 0.399 0 1
Existence of Lighting System on Major Road 2(yes: 1, otherwise: 0) 0.732 0.445 0 1
Existence of Lighting System on Minor Road(yes: 1, otherwise: 0) 0.714 0.454 0 1
Existence of Pedestrian Island on Major Road 1(yes: 1, otherwise: 0) 0.000 0.000 0 0
Existence of Pedestrian Island on Major Road 2(yes: 1, otherwise: 0) 0.179 0.385 0 1
Existence of Pedestrian Island on Minor Road(yes: 1, otherwise: 0) 0.214 0.412 0 1
Existence of Bus Stop on Major Road 1(yes: 1, otherwise: 0) 0.107 0.311 0 1
Existence of Bus Stop on Major Road 2(yes: 1, otherwise: 0) 0.304 0.462 0 1
Existence of Bus Stop on Minor Road(yes: 1, otherwise: 0) 0.107 0.311 0 1
Existence of Speed Restriction Facility on Major Road 1(yes: 1, otherwise: 0) 0.107 0.311 0 1
Existence of Speed Restriction Facility on Major Road 2(yes: 1, otherwise: 0) 0.036 0.186 0 1
Existence of Speed Restriction Facility on Minor Road(yes: 1, otherwise: 0) 0.179 0.385 0 1
Existence of Left-turn Delineation System on Major Road 1(yes: 1, otherwise: 0) 0.107 0.311 0 1
Existence of Left-turn Delineation System on Major Road 2(yes: 1, otherwise: 0) 0.000 0.000 0 0
Existence of Left-turn Delineation System on Minor Road(yes: 1, otherwise: 0) 0.107 0.311 0 1
Right Shoulder Width on Major Road 1(M) 0.433 0.491 0 1.65
Right Shoulder Width on Major Road 2(M) 0.516 0.485 0 1.7
Right Shoulder Width on Minor Road(M) 0.364 0.428 0 1.5
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Table 2 Results of Fixed— and Random—Parameters Poisson Model

Fixed Parameters Random Parameters
Variable
Coefficient T-statistic Coefficient T-statistic

Constant 3.06 3.60 3.16 3.11
# of Heavy Vehicles Driving Straight on Major Road 0.02 4.04 0.02 2.80
# of Left-turn Heavy Vehicles on Major Road 0.11 4.47 0.11 3.00
# of Left-turn Vehicles(Except Heavy Vehicles) on Major Road 0.09 454 0.09 2.96
# of Right-turn Vehicles(Except Heavy Vehicles) on Major Road 0.03 421 0.03 2.84
Existence of Left-turn Exclusive Lane on Minor Road(yes: 1, otherwise: 0) -4.83 -3.81 -4.98 -2.69
Existence of Right-turn Exclusive Lane on Minor Road(yes: 1, otherwise: 0) -5.31 -3.63 -5.43 -2.49
Existence of Pedestrian Crossing on Major Road(yes: 1, otherwise: 0) -4.87 -4.58 -4.97 -3.13
Existence of Pedestrian Island on Major Road(yes: 1, otherwise: 0) -2.11 -3.14 -2.18 -2.38
Existence of Bus Stop on Major Road(yes: 1, otherwise: 0) 8.15 4.09 8.26 2.71
Existence of Speed Restriction Facility on Major Road(yes: 1, otherwise: 0) -3.23 -3.11 -3.44 -2.28
# of Entrance/Exit on Major Road 0.58 2.66 0.02 2.33

Standard Deviation of Parameter Distribution N.A. N.A. 0.36 6.53
Existence of Pedestrian Crossing on Minor Road(yes: 1, otherwise: 0) 2.66 4.00 1.02 2.26

Standard Deviation of Parameter Distribution N.A. N.A. 0.90 5.82
Existence of Median Barrier on Major Road(yes: 1, otherwise: 0) -3.41 -3.81 -0.89 -6.67

Standard Deviation of Parameter Distribution N.A. N.A. 0.51 3.91
Log-likelihood with Constant Only -158.08
Log-likelihood at Convergence -106.69 -102.48
Rho Square(s?) 0.32 0.35
Observations 28
Note: N.A.=Not Applicable.
Alolle HERE FollA oI 71 Feio] e HesdRh w= 7HAl Hol, b 23l At
CHFEE, FURE, OfYRE, ZIHTEE S7h o] ATBYRIE] $UE FFS W) Ak 2
aHE 5 o 2 =eoldE AR FAES 75 AV<Table 2> FR)OIME & 4 %0l 17
= 7P fO3t #E e Ao® yEh ol B REoie W] BEmARglo] A Al
<A 2>oq AgEIE 49 Ao 2wl Ho
o] BAKHCR [OJSIH(B+ 0, t-statistic>[1.96]) IS 15 Ry AgEe 2 -9k gEe
S W olFdS 7Pl Ae® vt A Sofl & & ok 2P| =-=ekrak -158.089
HEE Ao o d3e v HaL A RS BY2 -106.69, AOERT BE2
OJekA] FEFHA(S= 0, t-statistic< | 1.96]) LEFAR] I -102.489] #& 7= Ao Yehtorn, SLH]s)

oFF/eold Bt o] BE 2 9 el 17 (01 9T 1R Bl 032, YoSHER

60 ZEST M96TH(2018, 3)



= HFeME 0352 Ueh efsEReE o8t
Folg o] A o= s e A
< Hole zlog vt

o|AY FUL WS AR 7MY F 99
ey 290 d9Eel o w2 o= 1R
RFels T 4 Gl wARRE ool &
F= Fl 7heeltoEM woll Ao 54 Ve
sitt.

2 w2 5 R eyt QlojghEn
o B W Age Aok glon, #avt
&

Al TEHo| 7+ Wigvt wEA Z 5o 7

1R 5] Hls) Arfaos o] &1, X
A8 oL T 4 Y YOJRERSES ol §
g ol nge Fol Zulol g A s
At} gk

AT F 13749 ARGFER 3 A H7 2

2
WE FEE QA A 2 95 1
Rz A U s A8 B, R
YR U B A 47 TR AR
R, FER A SEAHIE 4K 7, %
T8 WEYTSR HER YURe 47 §F R
2 PR A £ 059 AeFol 5
Ao otk Ao £EHI o] % 37e] ¥
HEER WEYTS, RER YOHE 97 47
FER ARy A4 459
wpgel ThE gk mlA)i of
Ukt vl g o)
Hk. ol IEB LSS 7|

Bng He Akl BEukle] SAHCR §9

N
&
)

|

of
o

fu
ol

i
(

) BRSNS ] WS st
19 7PesE 2 dndickn & 4 9.

=1 =
= AW =+ 3l
A, FER EATe] A Bargh 002, E

THARL 0368 7= AR EEE0] FiRE
of| 2J5PH 51.69%2] WAFZ A= AP, 48.31%
o] WAt oM e ARl kS A= o=
LERTE ol AFge] EAolM(eR) Z/EUsh=
ol AYSH= k-2, 3-8 2K axtele]
‘&0 A1 AoR wekETh wEhA wak=E
U7, AEdT oA, e WEE, B wE

LA AES Tl WAL T B g

il

Frgof A2 PR 79 Balgl 1.02, &
FHARL 0902 7= Aor kEE|, it
of] I3} 87.03%2] AR = ALY 12.97%
O] wAtRoA e ARl Rk Al o=
UHERETE A T2 AAE JaEerh vy
G5 7RI Aol FRke S Aot ARk
A EEE ], ol R A FERo|
Hlo] E2E 2P 9 wEsdo] o] Hajxhso] 7
el gt A% 27t o] Bl HIHsH])
St 7H5Ad(Bahar, Parkhill, Tan and Philp et al.
2009)°] =7] wEel Aoz wEch

TR AXE FFEH 42 559 4
L -0.89, EFEHARE 0512 7 Aoz
o] Aol oshH 95.869%2] WAIZ A= ARl
2, 4.14%9) WARR A= Aol Pk 1)
= Aoz yeylth ol iR wEFE w2
22N ALE A= 53t Q7] g

Zog gt

=l

=}

o

iy
il

=

>~

il



°]9] ymz] 1GHFE 71|
9, FERO] e WEA
+ Ao® el dub
1419] LZTHExposure) Tt T
o] F7FoPH WEARL TAYE F7RIThH: 7]E]
4= Qlek. 59] 29 2y
WEF HpTE WEARL STt GRS vlA|
W EEE e, ol FAlT AR 4
o 22 @2 A 2
E2ld Aoz Iet Ao=w weker)

Fo 2o A /93] d A8AA He wF

ARl o] Y= mixlE A

o
i =
TR
ol oF &
I ol 2 Y
o2 M
ol flo
E n_|_|>3
o &
AT i

2
i)

Ho

g ol
-
RN
i)
ne
n—gg
tlo
o
w0
[
i
ol
=]
5

fr Ho
ol

o

5
i
<
iy
i)
O,
rr

It

e S stol A= wEds
choll gt ARH, 37491 A7t Als 7] wEsd
Zo= yoiech v Frge] Axe 49514 A
S AR SR frofshA] oot Y F=elle
A= e, FEro ¢ Frzet g H-8A
o] ] vlgo] W] whEel 2O =(<Table 1> 3

Z) ey,

el

=

Tt

= =2
SR AOR eRt W, BARRY] 39 A
uP] e Tk Ao ekt ol
3} He Fo] B FEzo] 249 Pehie A

2 71442 4 9] TR Rlog wekc Tt
Freo] AR MARRAS B2 A e %
o) WG W2 WAOE A= o] WG A
9ol FEle] WEAT F7ll G FE A0

2 por). neby met Qhet B Agas
_]
g B9 WEIHS B S o] Wasich

Bl THpAE, SEr: Tt 5 s

Al AGEE DBAR gao] GFE FE BeE

62 ZEXT X967H(2018. 3)

BERS $L R4S 3| uARE e 47}
o] 250l 717 ol dA] EAJE mefelar Aaet 4
el 7to] Bt HEgt 4T PAE okt
SIFERSE o 85 BFS FEsto] BAsIA

R 5 At I AGro] BAR R fof
1] ot oldt mPRT} ol myo] Aggt A
o2 Uitk B3 JOISERSE o83 Byt
TARSE ol§3 By Ae vlwet 27t
SRS o185 Bo] MRS o 85t 2o}
% mPHTE njefsiRt e AgEls 7 A
o= vyt

T 13719] Mt EAM LR fofRt Hlor BE
HoloH, o] F 3719 Hes ARiEE e o
SFtERSE TP Ao Uit uAlREE 3E
AfaL A BhE FE mlRls Aos YT ©]

o2 tickro] 2AEeAl Ete zalisto] Afard

= Eol It webA FAISwARR S oF
W FEe FlsiAE S8l tid Bt a8 H
W wAk=E oA B4 mjeto] whE Afarely
tidiotede] sttt ol A Y 5 AfellA



47} AT 4 Qe FHALANS AT, &
S Fhellet 9 T 5 SeAle] AE A

dpEe A RS WARE o2 st 9]

ASlole G} QI olo] Aol WAlst=
TEATO] E4E F o Belsh] oSt B i
22 QJoEgns Moks BES 4 ofa7iA] 7]
o E277E 9w Hs) @7t nlulsk PAS
SATARO) AT RS TE5Hs B 0ol Faigt
Soc. e 2 e Re 4o $1X18 287)0]
S 3ATARERE o= Gl et BEed &
29 o7 99150 WA TAT A wAR0| B
e VIR B0 tha Rk 9

webA] Ho} Esle A=o) S Be 45
A7t Laste, E5), RAERAR] GHGA
81 47) 9 AGHEAR 2 AT AR 5o

=
WS A7 Qb G A7t AT Ro B

oL
o

Q]

P

=
i), wgk AT, Sodeh AAE EE Sl
7} AP 9 2ol Je ulAA] e oF 4
Wlell 7o) AR Exel) B AVIE EE e
Tz AAE 98 A7) Wad Aoz ok 1
a8 2w 5 BEATASS} BEF AR
Al 24 Ame 53o] Assigont, 4% 715

Z 9 FAEE A= 2 FAHY o=l

2
odl
B
ol
L
!

ki
1o
fink
e
>,

718 WSS H1gh o] ol 2ol s)Ee] 9
A2l QHANEE X B2 7]5kze] Aol of

1. T2 WSET WEARTESAIAETAAS). hiep://raas.koroad.
orkr/ (20189 1€ 15 AM).
KoROAD Traffic Accident Analysis System. http://taas.koroad.
or.kr/ (accessed January 15, 2018).

2 IS 2013, SEARSE T2 Lolgue] ofgt wE
A9} Tjarzele] PA-ulRRE TEERE Falo

2 ORIESSe=EA 331, 69 2437-2445.

Park Minho. 2013. Relationship between interstate highway
accidents and heterogeneous geometrics by random parameter
negative binomial model-A case of interstate highway in
Washington State, USA. Journal of the Korean Society of Civil
Engineers 33, n0.6: 2437-2445.

3. AAe]. 2017. 20159 WEARTHLE 4. Brief KOTI vol.9,

75, AIF: TEFITY. heeps://www.koti.re kr/user/bbs/
BD_selectBbs.do?q_bbsCode=1017&q_bbscttSn=20171106
102327752&q_cCode=3&q_lwprtClCode=1&q_art=N&q
lang=kor (20179 12 314 4.
Shim Jaeik. 2017. Estimation of transport accident costs in
2015. Brief KOTI 9, no.7. Sejong: The Korea Transport
Institute. heeps://www.koti.re.kr/user/bbs/BD _selectBbs.do?q
bbsCode=1017&q_bbscttSn=20171106102327752&q_clCo
de=3&q_lwprtClCode=1&q_art=N&q_lang=kor (accessed
December 31, 2017).

4. §HEFE. 2006, VEERZ JEAIA] AdR FPf wh
AR SSRGS, HARRRel=E, ol
Yoon Byoungjo. 2006. Development of Traffic Accident
Forecasting Models by Interchange Ramp Types of Freeway. Ph.D.

|t

E

P

diss., Ajou University.
5. o7&, @58 B4<= 2017. Random ParametersS ©|-83t
=

AR RS WAZ DEAT ASRYL. BHTSHS]

oo
1o
=]
00
re
40
r=
fol
w
Ral
El
_>|'_!
HU
El
ofm
_>'-_
|‘_J
H
o
4
A
2
i
rol
re
4
()]
w



=24l 16Y, 43 64-75.
Lee Kyuhoon, Oh Jutack and Park Jeongsoon. 2017. A
development of traffic accident prediction model at rural
unsignalized intersections using random parameter. The
Journal of the Korea Institute of Intelligent Transport Systems 16,
no.4: 64-75.
6. o138, WIS, -84t 2015, YolAEIE et EAA] W
AR WEALRY Aol Bt A ITSete =2 A 14
H, 13: 85-93.
Lee Sanghyuk, Park Minho and Woo Yonghan. 2015. A
study on developing crash prediction model for urban
intersections considering random effects. The Journal of the
Korea Institute of Intelligent Transport Systems 14, no.l: 85-93.
QI o, U], BHE 2014, HERSE o} 1
BALAE oERE i dRIwEsRA] 329, 6%
662-674.
Lim Joonbeom, Lee Soobeom, Kim Joonki and Kim Jeonghyun.

2014. Development of accident frequency estimation model

~

using random parameter. Journal of Korea Society of Transporiation
32, n0.6: 662-674.

8. FA, o3, 1995. 43P E=2o] AAl QAo et wEt
WY EHAT. dRIERSS=RY 154, 33 511522,
Choi Jaisung and Lee Jeomho. 1995. Traffic safety analysis
of design elements on four-lane highways. Journal of the Kovean
Society of Civil Engineers 15, no.3: 511-522.

9. Bahar, G., Parkhill, M., Tan, E., Philp, C., Morris, N.,
Naylor, S. and White, T. 2009. Highway Safety Manual
Knowledge Base. Washington D.C.: Transportation Research
Board.

10. Bhat, Chandra R. 2003. Simulation estimation of mixed
discrete choice models using randomized and scrambled

Halton sequences. Transportation Research Part B: Methodogical
37, no.9: 837-855.

11. Chen, E. and Tarko, A. P. 2014. Modeling safety of highway
work zones with random parameters and random effects
models. Analytic Methods in Accident Research 1: 86-95.

12. Dindu, R. R. and Veeraragavan, A. 2011. Random parameter
models for accident prediction on two-lane undivided
highways in India. Journal of Safety Research 42, no.1: 39-42.

13. Jovanis, P. P. and Chang, H. L. 1986. Modeling the
relationship of accidents to miles traveled. Transportation

Research Record: Journal of the Transportation Research Board

64 =ZEST X967(2018, 3)

1068: 42-51.
14. Milton, J., Shankar, V. and Mannering, F. 2008. Highway

accident severities and the mixed logit model: An exploratory

empirical analysis. Accident Analysis and Prevention 40, no.1:

260-266.
15. Shankar, V., Mannering, F. and Barfield, W. 1995. Effect

of roadway geometrics and environmental factors on rural
freeway accident frequencies. Accident Analysis and Prevention
27, no.3: 371-389.

16. Venkataraman N., Ulfarsson G., Shankar V., Oh, J. S. and
Park, M. H. 2011. Model of relationship between interstate
crash occurrence and geometrics: Exploratory insights from
random parameter negative binomial approach. Transportation
Research Record: Journal of the Transportation Research Board
2236: 41-48.

o =8 4 2018, 1. 10.
AAF AL 2018, 1. 18.
o AAF k=9 2018. 3. 6.



ZAlo]. QoletEns, Hols B

i}ﬁ]ﬁ_ ;q -]oﬂ /Hx]ﬂ(ﬂ /‘\l;_’i}ioﬂ H]EH /\o}qul

Z1A]

3, o4,

AL 3A AR

o] & 3719 MFER 73/%"‘%’"%, —‘?—
T2 FAURE 42 g9 2Lz ZokHalh] A
e GTELE Ha2s 0149%3 s 7Kl
B2 Yeh} wa2EE wEAT SgHIE A
2 OE g2 vAE R vt
ditHog FAITWALRS] B¢ 4185 FA

of wfe} o el A5 wAzel ge] e} AEE

w3le,
o

o= 2&5H oA St Q1w w2t ofssiRz Sl Higt 7ido] Y

o] B =22 YoFERsE o83 B T Hof YA g uitkre] RS e £
S oF7RA] Z1et 2t 9 wARe] Hs) A5F xEishal o]& s wE Ao S1Rde mol Al
oERE AT 3 wAkR] AL BRE FES] A 7 E w9t mebd FAlewAtEe) b
WAL PR Y] Bt Rt JRAE A FFE Sleide Sl Ot Fekt Aid -t
VAT By 75 A dhE2at Aol BA A wEA 29le A 4 Sl Wk vlRlo]
o Fonjeke Hoj(a=0) Eols BYo] 50 Zasit}. ol BY 75 Aielr] dadt Uet
& E“’Eﬂr 2Rt Ao= vehdth =R QojetE to] w2tz v PRt SdE 91t di7 s 2 Al
RS o83t Bt RS ol 83t B M ofrt Al EE S8 A, HEAAl
“éiﬂ% HlwRt Ay} QJojetER s Toks ol 1 sivet gl MEIAE T Ao AldE HA, =
AR Lok RPHEL e dudo] 52 HAR MAYRA v S E2 AEE WS
7oz Uehdth S FAE 3R WAL | S FIAE - S

T 1371e] Mgt FAMCR foRt MibR ks Zl0R W

olstEm 4 ZOLS RHE 0|86t FAIS 3X|wAZ BEAD 28 FH0| 2t o7 65



