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Abstract

The Statistical regression model has been used to construct crash prediction models, despite its limitations in
assuming data distribution and functional form. In response to the limitations associated with the statistical
regression models, a few studies based on non-parametric methods such as neural networks have been proposed to
develop crash prediction models. However, these models have a major limitation in that they work as black boxes,
and therefore cannot be directly used to identify the relationships between crash frequency and crash factors. A
genetic programming model can find a solution to a problem without any specified assumptions and remove the
black box effect. Hence, this paper investigates the application of the genetic programming technique to develope
the crash prediction model. The data collected from the Gyeongbu expressway during the past three years
(2010-2012), were separated into straight and curve sections. The random forest technique was applied to select the
important variables that affect crash occurrence. The genetic programming model was developed based on the
variables that were selected by the random forest. To test the goodness of fit of the genetic programming model,
the RMSE of each model was compared to that of the negative binomial regression model. The test results indicate
that the goodness of fit of the genetic programming models is superior to that of the negative binomial models.
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C Start )
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Insert Two Offspring Insert Mutant into
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Figure 2. Flowchart of genetic programming
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Table 1. Candidate variables

Table 2. Descriptive statistics of continuous variables

Factor (\;?,2?&% Description Section ;/;2 Avg. S.D. Max. Min.
Exposure EXPO Exposure variable Straight EXPO 423 5.37 4572 0.12
(X1) (10° veh-km) Slope 0.02 0.97 6.40 -5.02
Geometry Curve Radius of horizontal curve HV 0.38 0.08 0.54 0.19
(x2) (1,000m) Curve EXPO 254 236 1631 0.12
Slope Gorade of vertical curve Curve 2.10 3.04 16.00 0.01
(X3) (%) Slope 003 103 600  -500
In On-ramp HV 041 007 054 019
(X4) (0:no, 1: yes)
Out Off-ramp
(X5) (0:no, 1: yes) o2 7lel7x MFas 2o A%e Jeie
Traffic oA Heaty venide ratio FRdge) I W5 (Curve) o FRUZ 718
Environment E1 Safety sign 71 @"F(Slope)% @72?’3}929—‘31, 14 %E(In)ﬂ' A&
o i WZ(Out) o] ZAGT £ Hrlise Agac. o
E2 Roadway surface roughness = e - -
(X8) ©0:no, 1: yes) 2 9 B 5o ZAFELS Ut S8akd Hjg ¢ w2
E3 Road side barrier £58 T2E2 FFsly] it o= <ls) TAst=
X9 0: 1: o _
Y e WERS] S Aol Aln BAle] T FFE 7] vkl
(X10) 0: no, 1: yes) ojth, wighr E AM e A nEE T HAY E
S 2 5ol FAge] ANFE WSS WER FH WFE
E6 Tubular marker AEsirt. 79 9 B WERE aEQHEA, =
(1) (0:no, 1:yes WeAYY wEE e, Tolvasle), vndy
E7 Visual guidance facility - AFNO TR AINOTAIAL  ZmAlA  ZmAlA
(X13) (0:no,1:yes) ;(]—T—‘L—Z], ]dvd—o ]\_.Trv‘-— ]? a0 ]E, -0 ]E
B8 Lighting (oY), TEUHETEEe], FAFTAE 5 == 79
S A of 438 A% YRS B F5E upaee 47
ighting (ni ) -
(X15) (0:no, 1: yes) 6]'0:] /\]-37_9,]—9] 13‘3}3% ﬁiﬁ}ﬁq 019’]' 7Eo] = ﬁ'—I’L
(E)lfs) l(\gedian t1>arrier) M= Table 10 Uehd A3} o] F 17709 15 3
o M, 1l o SR r=o AEsddo = = ojama 5 JSE
N Crash cushion TEa= UEO]')\)\——D:], O]E RS \_Toﬂ EH?\’—_ 7]Eo
(X17) (0:no, 1: yes) AL Table 291 vet it
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Table 3. MSE error rates by number of variables

Number of MSE error rates

variables Straight section Curve section
3 1.320 0.505
6 1.224 0.501
12 1.258 0.529
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Table 4. Summary of parameters

Parameter Selected value
Number of generations 50
Number of individuals 1,000
Depth limited to 30
Initial maximum depth 6

Probability of crossover automatic adaptation procedure
Probability of mutation automatic adaptation procedure
Probability of reproduction 0

Selection Lexictour
Function set 5, %X, 5 7, n
Terminal set Selected variables
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Figure 4. Genetic programming model for the straight section
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variables on curve section
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