Joumal of the Korean Society of Civil Engineers ISSN 1015-6348 (Print)

Vol. 35, No. 3: 679-690/ June, 2015 ISSN 2287-934X (Online)
DOI: http://dx.doi.org/10.12652/Ksce.2015.35.3.0679 www.kscejournal.or.kr
Transportation Engineering 33

oYX} LTRSS 0120t 20| TEOH L} Tah
U=F* . HM** - S™HF* . SHERTHH*

Kim, Joong-Hyo*, Kwon, Sung-Dae**, Hong, Jeong-Pyo***, Ha, Tae-Jun****

Development of Optimum Traffic Safety Evaluation Model Using
the Back-Propagation Algorithm

ABSTRACT

The need to remove the cause of traffic accidents by improving the engineering system for a vehicle and the road in order to minimize
the accident hazard. This is likely to cause traffic accident continue to take a large and significant social cost and time to improve the
reliability and efficiency of this generally poor road, thereby generating a lot of damage to the national traffic accident caused by
improper environmental factors. In order to minimize damage from traffic accidents, the cause of accidents must be eliminated through
technological improvements of vehicles and road systems. Generally, it is highly probable that traffic accident occurs more often on
roads that lack safety measures, and can only be improved with tremendous time and costs. In particular, traffic accidents at
intersections are on the rise due to inappropriate environmental factors, and are causing great losses for the nation as a whole. This study
aims to present safety countermeasures against the cause of accidents by developing an intersection Traffic safety evaluation model. It
will also diagnose vulnerable traffic points through BPA (Back -propagation algorithm) among artificial neural networks recently
investigated in the area of artificial intelligence. Furthermore, it aims to pursue a more efficient traffic safety improvement project in
terms of operating signalized intersections and establishing traffic safety policies. As a result of conducting this study, the mean square
error approximate between the predicted values and actual measured values of traffic accidents derived from the BPA is estimated to
be 3.89. It appeared that the BPA appeared to have excellent traffic safety evaluating abilities compared to the multiple regression
model. In other words, The BPA can be effectively utilized in diagnosing and practical establishing transportation policy in the safety
of actual signalized intersections.

Key words : Signalized intersection, Traffic conflict, Traffic accident, Multiple regression model, Back-propagation algorithm
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Table 1. 8 Target Locations of Signalized Intersections at

Gwang-ju City
Spots Intersection’s Name Spots Intersection’s Name
1 Chonnamdae 5 Wallsan
2 Sinan 6 Heukseok
3 Seobang 7 Usan
4 Unam 8 Yudong
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Table 2. Explanatory Variable of Linear Regression Model
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Spots Traffic Volume | Longitudinal | The Change Difference of The Number of Entry Intersecti;)n Left-Turn | Crosswalk Crf)sswalk
(1,000,000/Year) | Slope(%) and Exit Lanes (absolute value) Area (m”) | Length (m) | Length (m) | Width (m)

1 39.49 0 0 450 20 16.38 7

2 53.75 0 3 798 32.28 19.85 7.93

3 43.91 0 2 748 25 23.95 8

4 45.66 0 2 789 35.75 20.48 7.78

5 54.51 0 1 837 2.5 3.38 1.05

6 31.90 0 0 370 20 18.55 7.7

7 41.49 0 2 761 27.5 24.65 8

8 53.08 3 0 534 10 15.38 6
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for A Correlation Analysis Conflict | Accident
Correlation
s,k
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The Rho of Traffic Significance
Spearman Conlflict Probability . .000
(Both Sides)
N 8 8

** The correlation of significance level is 0.01. (Both Sides)
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Table 4. Data on Analysis of Traffic Accidents at Signalized Intersections and Traffic Conflicts (Current Status of Accidents and Conflicts at

Major Intersections in Gwang-ju City in 2009)

Data on Analysis of Traffic Accidents at Signalized Data on Analysis of Traffic Accidents at Signalized
Intersections and Traffic Conflicts in 2009 Intersections and Traffic Conflicts in 2010
Spots Spot Name The Number of Traffic Accidents The Number of Traffic Accidents
- Traffic - Traffic
Total Death Injury Wound Volume Total Death Injury Wound Volume
(Person) | (Person) | (Person) (Person) | (Person) | (Person)
1 Chonnam Univ. 18 0 3 18 2,512 12 0 4 14 2,838
2 Sinan 18 0 4 23 4,329 21 1 6 24 3,275
3 Seobang 10 0 2 17 1,594 18 0 5 22 2,657.5
4 Unam 24 0 4 42 2,388 32 0 8 49 3,896
5 Wolsan 4 0 1 5 2,591 8 0 2 11 2,504.5
6 Heukseok 2 0 2 0 3,403 7 0 1 8 3,901
7 Usan 7 0 2 10 2,473 7 0 4 8 4,137.5
8 Yudong 7 0 0 11 4,907 4 0 0 23 4,259.5
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Table 6. Coefficient of Linear Regression Analysis (Standardization

Coefficient)
Table 5. Summary of Linear Regression Analysis Model (Standard Standardization Signifi
Error of Estimated Value) Non- C : t. .

o oefficient Significance| cance

odifiod | Standard B T Dbubi Model | standardization Proba bility | Probab
2 odaiiie anaarc ITOr O uroim- Coefﬁcient o

Model| - R R R? Estimate Watson B 376161 B ility

1 .839(a)| .703 .699 4.228800 1.590 1 Constant -11.932 | 4454 | - -2.831 011

a - Prediction Value : (Constant), Traffic Value Traffic Conflict| .017 .002 |.838] 6.986 .000

b - A Dependent Variable : The Number of Traffic Accident

a— A Dependent Variable: The Number of Traffic Accident
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Table 8. Paired Sample T-Test Result for the Linear Regression Model
Correspondence Difference
Standard Mean Standard 95% Confidence Interval of the ¢ Deirfees P-value
- - tandar ean Standar .
Difference both
Mean Residuals error - Freedom (both)
Lower Maximum
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Value-Prediction | -1.92238 4.67643 1.02048 -4.05107 .20630 -1.884 20 .074
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Table 9. List of Training Parameters

Tool Parameters Variable Value
Learning Rate Ir 0.9
Momentum Factor mc 0.7
ANN
Iteration No epochs 10,000
Terminate Goal goal 0.00001
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Table 10. Result of Statistical Analysis of Signalized Intersections at Sinan Intersection of Gwang-ju City

Configuration of Model network Error
Model R’ RMSE
Input Layer Hidden Layer Output Layer

Tra Cal Ver Tra Cal Ver
No.1 2(N) 0.974 0.952 0.931 7.883 10.23 11.48
No.2 3(N+1) 0.976 0.959 0.932 7.712 10.11 11.34
No.3 2(N) 4(N+2) 1 0.976 0.958 0.933 7.601 10.09 11.29
No.4 5(N+3) 0.978 0.957 0.934 7.517 10.00 11.12
No.5 6(N-+4) 0.975 0.959 0.931 6.725 9.449 11.07

Source) Tra : Training, Cal : Calibration, Ver : Verification
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Table 11. Signalized Intersection Traffic Accident Prediction Table 14. Multiple Regression Analysis Explanatory Variable
Model Explanatory Variable Commonality Analysis
Explanatory Variable Sign | Explanatory Variable | Sign Commonality Analysis Beginning extraction
Traffic Volume 0 Traffic Volume 1.000 .887
(1,000,000/Year) Left-Turn Length (m) | 7, Longitudinal Slope 1.000 210
Longitudinal Slope(%) G o ; The Change Difference of The Number 1.000 620
The Change Difference of rosswalk Length (m) r of Entry and Exit Lane . .

The Number of Entry and Exit| N Intersection Area 1.000 134
Lanes (absolute value) Crosswalk Width (m) | Zpyp Lefi-Turn Length 1.000 321
Intersection Area (m®) A Crosswalk Length 1.000 .109

Crosswalk Width 1.000 407

Table 12. Multiple Regression Analysis Base Data

2009 Year 2010 Year Mean
Spots | Traffic Accident Traffic Accident
(Number/Year) (Number/Year) (Number/Year)

1 13 8 10.5
2 23 35 29
3 6 14 10
4 7 9 8
5 43 31 37
6 37 27 32
7 24 11 17.5
8 23 16 19.5

Table 13. Multiple Regression Analysis Explanatory Variable

Spots Traftic Volume | Longitudinal T;l;e(;\l]lj;izr S;féit;l(:nzf
(1,000,000/Year) | Slope (%) Exit Lanes (absolute value)

1 21.53 2.5 0

2 36.5 3.75 0

3 18.21 0 0

4 19.39 0 0

5 54.75 0 3

6 25.92 0 2

7 34.66 0 2

8 31.46 0 3

Spots Intersectig)n Area| Left-Turn | Crosswalk Cr.osswalk
(m°) Length (m) | Length (m) | Width (m)

1 1,313 15 22.75 7

2 1,593 15 14.75 3.75

3 642 17.5 15.5 6.25

4 450 20 16.38 7

5 798 32.28 19.85 7.93

6 748 25 23.95 8

7 789 35.75 20.48 7.78

8 789 15 21.15 8

Extraction Method : Principal Component Analysis

Table 15. Summary of Multiple Regression Analysis Model
(Standard Error of Estimated Value)

. Standard .
Model R R? MOdlzﬁed Error of Durbin-
R . Watson
Estimate
1 717(a) 514 488 5.57019 -
2 .783(b) 612 .569 5.10953 2.003

a - Prediction Value : (Constant), Traffic Value

b - Prediction Value : (Constant), Traffic Value, Entry Difference

¢ - A Dependent Variable : The Number of Traffic Accidents

H7h e AR EEAE vehdeh & Bige] 3643
HEe] Zake] &5 9150 o3 49
03} 11}o]] gk ZHett 3 549 89
HyE 88.7%, JAYREAZF e 62%7F AHEs ¢4
Atk wEpA 77 W] 3EA T aSwe XYRIER R
0.5 ode] Fhs 7HEE SHATE ARSSISITH

£ A7 UE3ARES ol83e] AR WBARL SR
< Wgsioltk 23e] 7|27+ Eq. (2)9F Zth

J[N‘

Y =a+ bl (XI) + b2(X2) + b3(X3)+ - + bn(Xn)
)

Y @ Fas (Al s

X : SHHF (2% WAR TR 84 F)

a, b: T

Table 15+ <] agAlaLel SHASE 11 b3
A Avjolek 1y 29] g, Bye] 2l o] 0.7830%
UeRsitE mee] AYEE veplie 2.0032.
2 Ut 29 AR 52 & &

Durbin-Watson&

Atk
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Table 16. Result of Paired T-Test on Multiple Regression Model

Pair-Difference

The Degree of Significance
- - " Standard | Standard Error of | 95% Confidence Interval |t Freefigom Probability
VErage | Deviation The Mean Min Max (Both Sides)

Actual Measurement Value

Pair . 1.807 | 4.70148 1.02595 -.332 3.947 1.762 20 .093
- Predictive Value

Qb0 2 Dubin-Watson& 26 77450 oajailel 94 A4k ASES el dEd & eAE A5 99
o] EAlskz Aol o] ghol 09 AT QA Ao o] ARIE} HYAPEE Thest ek
AURAE LRI Tk o] gho] 4ol 7P 914 QAR

o] AL EAlskE 21E )it D AEARL St WBARL 959k 2ol gtk
T3l A, B3] Sl ars et F1Yg-3EAs HI @ 2lBARL AE30F} aeAkL 53k 2o)7t Atk

2ol AlaLdlEnEe] vy % éﬂ—t« Ao 2 AL, wE N =38, a =005

9] fo)EE2 0.002, FY-2&E A2 209 F2TEE 0.046.2

2 YR} ol 0.05904 slARYo] Aget Ao R =EE9 Table 162 ABARL AE3F} aGANAL &gk Zjo)7) gick

ok HEAow wEAael wEa A-AEHR oo B = A Ml tid AT Afelnk AF AT, t ke 1.7620]5

o8k AadEREe Eq. (3)3 2tk ool thgk frelBkEL 0.0930. 8 LR} 255 0.05014 #%7}

A& 7I8IA] Rtk &, alsAlaL ASEt aEARL o SHke

Y = 2823 + 0455 X1 + 2375 X2 3) 207} gz Ao JeRith uEhr] tEslARGdd o5 d5

AT A5 BEST & 4 Yok

X1 25 X2 @ AYAEH2 o] & 5.4 BPAQ} CI=S35|7msizo| MelT H|m - BN

2 Q7 thEslFEAl) ofg wals BPA 7k A%
125 Ja-Easelck 2te] s S Wl mae) A
0% R - AR A2 G BeEE (S wE e Fllel 4 950% 290 2] e o3

A9 of#] Table 162 Z AR 9B ghe) Aolg olgallth AE oSk Alole] Al AFHS
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Fig. 5. Dispersion of Measured Values and Simulation Values on Training and Test of Model for Predicting Traffic Conflicts
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M Traffic accident measurement
value

B Traffic accident prediction value
of a multiple regression model

W

Number of Traffic Accident
= =

wn

Intarsaction No.

5 of a BPA model
0 ﬂ ﬂ ﬂ e
4 5 [ 7 8

U Traffic accident prediction value

Fig. 6. Comparison of Measurement Values of Traffic Accidents, Prediction Value of Multiple Regression Model and Prediction Value of BPA

(Target Locations at Major Intersections)

IS B Adhrt srhe 2 ouleit) wep tiEs]
AEARAL Skt nEARL ASE ALl
HHAFO A= 4.842 UERLT, BPAS] o3 &9 nEA}RL
A&k WEARL HEgE Alole] FHAlEe A = 3.89= Aty
itk vl RS BPA ARE A5k 4, BPA A3}
AFo R ek B0 YERTE

6. 22 X YL A1
6.1 Z2
B o QIAfs Ropi F8] Gl gk ok A

oft
o
?‘S‘
ofh
tlo
=
E:
4

o

u:)
)
i
of
%
=
3z
B
iy
ot -y
o,
B
o
it
N«
ot
4
0,
32
o 57

(2) 20104 2 731l e e} e
AAste] et Y] EAE, Asag o
AlFE 0.931~0934¢] W92 R 973 Wl
FAck

Q) TSR =2 WAL 53 aEARL gk
Atole] BtAlE AR 4845 LERLIL BPAY) 93] =34
TEARL S IEARIL 53 Alele] BetAlF AR
3.892 A= SICE

rUIO_,_>|4_‘
iin)
g &

57 R BPA TS 23 A7), BPA Ahr}
Ao R 3t Ao Lehrh

6.2 a2 Hluotw|
B A7 s oMo At es AR B
ATHAlE ot 2k

5 st o] thirke] mEAT, ol

719} £2ol7l Sol ARE Shusiel BEe) AV Bls

& A Past gk

Q) TR S R A AR SR B Bk A
2] A DB 7Eglo] vtk Hatsta Aol
2RSS R B IAR A WAwR] TEo) AV

(3) dubso A AR AL Fel A Ak
AuzAtel] o5k AR AuAEe B IS EAES
AT T o] 7% se] AJUPIAR A3 4 29
weh ARk S APEkAR HlgER A1) SRl 22
of o] FolelA) FlEste] RS 1% ATE

8 Fg7t gvk
References

Adler, B. and Alfaro, L. (2007). “A content-driven reputation
system for Wikipedia.” Proc. of the 16th international conference
on World wide web, NewYork, N.Y., pp. 261-270.

Agichtein, E. (2005). “Web information extraction and user modeling:
Towards Closing the Gap.” IEEE Data Engineering Bulletin,
Vol. 28, No. 4.

Agrawal, S., Chaudhuri, S. and Das, G. (2002). “DB explorer : A
System for Keyword Search over Relational Databases.” In Proc.

Vol.35 No.3 June 2015 689



of ICDE-02.

Bang, K. L., Lindberg, G. and Harahap, G. (1997). “Development
of guidelines based on life-cycle cost to replace level-of-service
conception capacity analysis.” Transportation Research Record :
Journal of the Transportation Research Board, No. 1572, pp. 10-17.

Chol, J. (1998). “Development of a traffic safety index for urban
arterials.” Journal of Korean Society of Transportation, Vol. 16,
No. 3, pp. 47-56.

Greibe, P. (2003). “Accident prediction models for uban roads.”
Accident Analysis Prevention, Vol. 35, No. 2, pp. 273-285.

IYM, Y. T. (2011). “Development of traffic accident frequency
prediction model in urban signalized intersections with fuzzy
reasoning and neural network theories.” Journal of Korean Society
of Road Engineers, Vol. 13, No. 1, pp. 69-77.

Jacobson, G., Booch, and Rumbaugh, J. (1999). The unified software
development process, Addison-Wesley Publishing Company.

Jang, J., Lee, Y., Kim, H. and Jang, M. (2000). “The method of
deciding design level of service with optimal user cost.” Journal
of Korean Society of Transportation, Vol. 18, No. 2, pp. 17-26.

Kang, Y. K. (2011). “Development of traffic accident frequency
prediction model in urban signalized intersections with fuzzy
reasoning and neural network theories.” Journal of Korean
Society of Road Engineers, Vol. 13, No. 1, pp. 69-77.

Kim, E. C. (2008). “Development of traffic accident frequency
model for evaluating safety at rural signalized intersections.”
Journal of Korean Society of Road Engineers, Vol. 10, No. 4, pp. 53-63.

Kim, K. W. (2012). “Building a traffic accident frequency prediction
model at unsignalized intersections in urban areas by using adaptive

690 Journal of the Korean Society of Civil Engineers

neuro-fuzzy inference system.” Journal of Korean Society of
Civil Engineers, Vol. 32, No. 2D, pp. 137-145.

Kong, S. H. (2003). “Traffic accident frequency model using the
genetic-supervised artificial neural network.” Jowrnal of Korean Society
of Civil Engineers, Vol. 23, No. 4, pp. 479-487.

Lee, C. N. (1998). “Identification of variables influencing traffic
accidents on urban arterials using neural network.” Journal of
Korean Society of Civil Engineers, Vol. 18, No. 3, pp. 803-810.

Lee, J. M. (2008). “Developing the traffic accident prediction
model using classification and regression tree analysis.” Journal
of Korean Society of Civil Engineers, Vol. 10, No. 4, pp. 31-39.

Lee, S. B. (2003). “Development of a traffic accident predication
model by level of roads and traffic characteristics.” Journal of
Korean Society of Civil Engineers, Vol. 23, No. 4D, pp. 495-504.

Nam, G. H. (2001). “Development and application of traffic accident
forecasting model for signalized intersections (Four-Legged Signalized
Intersections in Kwang-Ju).” Journal of Korean Society of
Transportation, Vol. 19, No. 6. pp. 207-218.

Shim, K. B. (1994). “Analysis of traffic accident by the relation
parameters in city arterial roads.” Journal of Traffic Safety Research,
Vol. 13, pp. 125-136.

Son, E. Y. (1992). 4 study of estimating traffic congestion costs,
The Korea Transport Institute (in Korean).

Sung, N. M. (2008). “Development of severity model for rural
unsignalized intersection crashes.” Journal of Korean Society of
Road Engineers, Vol. 10, No. 3, pp. 47-56.

Trujillo, J., Palomar, M., Gomez, J. and Song, Y. (2001). “Designing
data warehouses with conceptual models.” Computer IEEE, pp. 66-75.



