A Study on the Effect of Intersection Geometric Characteristics on
Intersection Traffic Accidents and their Remedial Strategy using
Neural Network
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ABSTRACT

Numerous factors, such as human negligence, climate, vehicle condition and
maneuver, road geometry, and roadside facilities, can be the major cause of traffic
accidents. Nonetheless, analyses and/or statistics results normally deem human
negligence as the major factor of traffic accidents. In fact, improper road design or
planning can easily form potential dangerous spot and result in occurrence of traffic
accident. That is, configuration of road also plays an important role in roadway safety.
Hence, recognizing the effect of road configuration on traffic accidents, and reduce
the number of traffic accidents by improving road safety is of great importance.

In this study, numbers of traffic accidents occurred within road intersection areas
were studied. Sixty-two signalized roadway intersections in TaiChung city were
investigated. Characteristics of the 1,593 traffic accidents occurred at these
intersections during year 2000~2001 were analyzed and recorded. Meanwhile, factors,
such as traffic volume, road geometry, phases of traffic signal, number of lanes, etc.,
of these intersections were collected. With the abovementioned information, a neural
network model and a negative binominal regression model were constructed for the
purpose of predicting numbers of intersection accidents. Due to the fact that traffic
accidents in intersection can occur in many combinations of vehicle movement, the
models were constructed based on combinations of vehicle movement instead of on
intersections.

With evaluations on the correlation coefficient, misudging rate, maximum error,
and maximum error ratio, the neural network model was judged to be more accurate
than the negative binominal regression model. For the neural network model, the
correlation coefficient is 0.992, misjudging rate is 16.4%, maximum error is 1.95,
maximum error ratio is 2.76, and the MSE value is 3.38x10°. The neural network
model was further applied to be a tool for evaluation of roadway improvement
schemes. It was found that a better-quantified scheme could be achieved by using the
proposed model.

Key Words: neural networks traffic accident traffic safety road engineering
improvement
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BB 5 R (2)] [Xe) | -0.04957 | 0.164 | 4 | pr % dc(1) | [ X2 | 1.17688 | 1.189

i o) g dc(2) | [X27] | -2.67988 | 1.349

s

L% #(l) | [Xe] | -0.13419 | 0.112

2% 7 i 4 (2) | [Xw]| 0.04923 | 0.108 £ 8 (1) [X5] | -0.93519 | 2.396

Bravdd | [Xal) 0000033 | 0.000 £20(2) | [X]]| 0781245 | 0.586
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DE RS SRR T SR

7o (1) [ X:2]| 0.00007 0.000 | mrip4F s242 B (1) | [ X30) | -0.06893 0.083

=8 # 4w (1) | [Xes]| -0.19052 | 0.263 | p¥4p 4 st 42 & (2) | [ X5:1] | 0.098248 | 0.078
12

=& 2 o (2) [ X:14]1| -0.03871 0.260 O (alpha) 0.10662 0.030

+ i E g (1) [ Xi5)| -0.51333 0.274 Degrees of freedom 32

+ 3 gEe (2) [ X1]| -0.05325 | 0.302 Log likelihood function -899.7244
Poft A FE A2 (1) | [Xe7]] -0.09945 | 0.059 Chi-squared (12) 44.93893

B2 Z i F RS A e %E R 3 4 dica(alpha) £
MHE T 5P RAE 2 D AN SR B3
Aro oo Mt S #ici@ i 0.1066 0 A p &t 95% % HE B O G HEV R
0.05 £ g4 % #c @ 0.1066 + *+# % & 0.05; % -+ & &
WIHF BT > &N AN ARSI REGZER -
FENARRSET I AF A T T R oW S b
u = exp(1.35432 —0.03939 X1 —0.0877 X  + 0.176437 X3 +0.022225 X 4 —0.12212 X5
+0.033907 X g + 0.148923X 7 — 0.04957 Xg — 0.13419 X g + 0.04923X1g + 0.0000334 X11
+0.0000706 X1 —0.19052X13 —0.03817 X714 — 0.51333X15 — 0.05325X 16 — 0.09945X 1 7
—0.18656X1g + 0.078709X1 g + 0.078592X 50 + 0.00116X 21 +0.131171X 55 — 0.12302X 53
—0.00172X 94 + 0.005401X 55 +1.17688X 2 — 2.67988X 57 — 0.93519X og + 0.781245X og
—0.06893X 30 + 0.098248X31) +evvuivrerraitertertiertie et eae e a e (5.1)
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X! 3 Fwest? ¥- 7o FRATAE
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Xg: Zfimese ¥- Foz pdigntsfa
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i

a’=f?(net’) - net :§W2a2+¢92 .......................................... (5.4)
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a =f'(net!) > neti1=ZV\/|1]aj’+<91 ............................................ (5.5)
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0 R =i ) I A |

................................................................................. (5.7)

¥ AT A
net net
G(net) = F(NEt) = 1= (o )2 oo (5.8)

TRERVR RS B e Y L SRR R
3 5.78 58V KWL I REARH N REORE R E -

iﬁgﬁ’ﬁﬁ%%%ﬁ’uﬁ%%&rﬁﬁﬁ%&Jgw,g
REREWwB ST 7 BaARRRATSEET - 2E o * F ik
1%@&@%6%0%ﬁvﬂéP&iﬁﬁi%@ﬁmﬁ%éﬁoﬁ
7 =

*11

RRTEFEFe R RS T B - AR HN T R
TG ZHFETGF A o b Dy e S R MR LR
MBPRE CBERAGEIL S EREE T B R Sk
R FE GRS WP Ao DR B R BT B
P B RIAEE ORI RT AR E ML
%iﬁ&;aﬁ%+ﬁgmlaﬁf’ﬁﬁ“%ﬁﬁ?%viﬁ‘%
MEEF e My FTRES > A FRIAFRF L M Tz g2
THe AR LBET S P BIRERARRT A T H - HEh
R U T Ak e WP R R

83 #7 + ¥ eThesys(90 ¥ =& &)



IR K STE R SR R S BT A ok y

H¥W 2k tieledng i FHIARERARAFSAITET L 2 2 B
AF R B FHERRRATES L E AT - %ﬁ@:ig%cgﬁgl,\

* 8

o MR R RET I T A F 2 RF LAY
%*%%%& R ARAFTERTIE BUEfRE PR R
; BEEdod 5497 o 29 jpi -t H @ gz g
E*:Av\%‘rfﬁ"t’«ﬁ FRATAREKE? L A RAGHETRERAITER S &
018 B 7 R FT M2 T3am 3 » FH P g2 BT AP
AEwd M2 AR F RS R T A Ad ER

5 Mmoo HAgR R A iE 5-0.150 & 7 %
Bb@B v s BRALL I NOEMETRZFIPE -

X% AR R E X% ff@&f_ﬂ, 233" Rl
BB B A A4f fe AR R BE AR RE Y fER
BB B P AR A fE AR R B AR R R
ZEE R IRCE Bor o oa i B
Sy BB & i B
LI &) o2 B
BB RE R X UF 3 N ] pE

84 17+ § eThesys(0 & & &)

L RS

5. 0r6

0 . O —
1zl PN 6. ¢
ey 5 %0 100 2Q0 300 . 400 500
T 24
% ¢

-10.;00

2
-15.700
T g

600



A s iR R g

FRATR ER SR S WE ]
FERATAR #OUAE L s LR dE
BB g o B R R B EE
B TR Bk LR P g
L A B LR D gE
N A LF sy e
e SR A A U L3 g e
s B A A Boae £ F 7 A% Ha o
Bk B Boa LF 74 8
Bk B i " RP AR B Fe R
S Lo p g Hw B AR R T OpE T
E L LA N} B

LS

—

w
ok
fa (=
|
~=i ‘
hn )
R
&
=
"
o
&
%
=2
N
=

PR E T 2

’&%/&‘\I}

Breid ¥z £&FFE
i

[ERRLIN » A L e

\w-

>

A2 AL AL
47' < N °
~ ~

FIHH 2 e
B f EAp A
REE R RAITAPGHE
oo B Rz AR ATED X35
B s B R

# 55 AR EHEBESE T2 %

R¥&E A [ S %‘Ué)ii.ﬂ, S R
P2 i B PR AR AE e AT R BE AT AR

P2 i B PR AR A e AT R BE AT AR

L R RCE] L

R 22 B GRS

PR A GRS

2R ER 3723 4 )

FHATR i) e X ) pE

FHATR # S Lk ER RN

85

# ¥ < # eThesys(90 ¥ & &)

(&R



DEEE S 2 ST S L L SR

BB i ek R R # U E LR R OB

e B i ek 5 R L A o TR R

vk oA R E Al S FARRE LG A g

R A U LF v £ 38w

Lkt SRR I LA 32 gme

kL S JE R A S Boo F 7 A% P
PR S Boo LF 7 A& #a
Bk B OB AER A fFe R4

=R R R BASE T PR
=R A e B

A AR e TR N ERL e bES 0 AP L HEH
ARz fFeeed LR PPAF L LEHF L A5
t2z At ARR AN BHA2Z THEAd 5.6 o H A
Bl A2 AP AR LB ERRE Al R RG ETE T

% 56 U EEIHEKLIOSANYZBHITHRRER

L g B AR R LR %@&i 3% R R
B2 g Bk P AR A je AR R BoE AR 2R
eI 3 PR AR AT S2 AR B BE AR 2R
£ T PE L Bor i §
£ T EE-278 3 Fe i B
P R R CR-XTE 3 Foeoad
2R R TR S 5% ) pE
FEHATAR R TR S 5% ) pE
FRATR @ E LRk =

I SV RS E SNy
BB 0 h R R TR E LT G P e
vk oA R R e Al S FARRE LT L A g

86 #7 + ¥ eThesys(90 ¥ =& &)




e

A SRt R R R FE L 2Ty

¢k HR R OE S EE €Al 2 4wt
Tk B A A (I 2F ot €48 g
Pl B A IR A Boo F G4 8w
PR S Bod LF GO B
Btk B ik RERP AR GRS
=R R S O - B AR B T opE
IHEE T EK tar oy RR

532 #EE 7

HATHEE L f - AR RSN FEE (s A A BT LA G
W REYREF A REXFEE T A Ao 5.9 90 o
Ay
percentage change in y y Ay X
= , TAXS Ay g e (5.9)
percentage change in X A y
AE(y)
He 5 B =
i P AX
E(y) = &y % &
59 % £ 1 % 510"
Dy s
= ) _AEY) X X (5.10)

AT By T E)

B9 ps FHITHY Bl Rk

xfr E(y) 2 B2 T E=E it o~

F@ﬁﬁﬁﬁi%%%%SJ%ﬁ’%%ﬂﬁﬁﬁﬁﬁé*i¢

AN N O %ﬁ ﬁﬁw\x' SRR P B

%wwwﬁﬁxio@%
ﬁ%‘&ﬁﬁﬂﬁ%i%&’%%kuﬁiax B4 o B R F
A EBRAGRTFTRAEBRZERF A FREFFE LT P LD

‘%ﬁﬁ““%&\%rﬁ'

87

“J T‘ﬁ'\' ‘(’5\':

iy
ﬁ
i

# ¥ < # eThesys(90 ¥ & &)



DEEE S 2 ST S L L SR

i P R R b ERE

G Sl

A3 FARDI2ZERTE

5.7 - Wi FHS REER D
R4 B f fH L P X 3 i
BB Bk Ll SR v A (I X R
RS Pl B g A RS R N S
B3R R B AR AT Se AT R B g
-9 TR PE 4R AF Se AR R LR g
HOERATR BT fR R £33 e
HOERATR BT fR R A8 g
BB ot TR Borodd B EIECI
BB g 2t TR 7o 2 BAR R T pE R
AN A P & ] pE
I S X ] pE

RERAPFTEHEE LTSS i 8 MR AR 4ok 58477
% 5.8 AR R EEM LA TR
3P EHT 2 PEHELEMT (B F A ETH2
SE M A 47
EL S R R A oz m R R A R R AT
LA el g A % | pE 4
R A R A P2 AR BrAR g v opE L
Boo 2 F 7 A% s B A e g FRRTAR
e B i Boo L35 % B R
5 (A S B R i B Ped g ot B R

d % 5.8 #F & > %}f@gg*q i 48
R HF BB 2 E TR
R AN A e i

2 ERHEPAEAAEHP D

R LR e N T

88 #7 + ¥ eThesys(90 ¥ =& &)



5.4

Root Mean Square,

RMS Mean Absolute Deviation, MAD
Correlation Coefficient Error Rate
5.11 5.12

Rvs=|-2 T e (5.11)
TP P j
P P j
M
N
M N
ZZ‘(TJD _Yjp)‘

MAD = P ’M o e (5.12)
TP P j
PP j
N

5.9
5.9
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(%)

0.992 16.4 -1.95 2.76
0.765 79.9 22.1 3.37
0.992
0.765 16.4%
79.9%
88 89 62

(Gamma Distribution)
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5.5.1

(third quartile)
(A)

28

(B)

5.8

(B)

75
75 (third quartile)
(B)
(A)
(A)
13
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151,000 15,000
88 89

234,000 5.13

88 89 X + X
_ e (5.13)
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5.5.2

5.10 5.9
5.10

1 2 3 4
4 4 4 4
2 1 2 1
(m) 13.3 12.9 14.0 13.0
(m) 23.6 18 24.3 16.9
(m) 10.3 5.1 10.3 3.9
) 0 90 180 270
5 4 6 4
() 5 5 5 5
180 180 180 180
() 60 30 60 30
() 15 24 22 24
(pcu) 7341 4410 8938 5363
0.98 0.95 0.97 0.98
0.035 0.006 0.022 0.014
0.247 0.418 0.321 0.383
0.111 0.234 0.241 0.338
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2&4

133 130 28
5.11
1&1 28 28 2&3 5 4
1&2 8 8 2&4 2 1
1&3 38 38 3&3 28 28
1&4 5 5 3&4 4 4
2&2 5 4 4&4 10 10
133 130
5.12
5.12
1 .6 1 0.9 1 0.
2 9 2 1.3 2 1.
1 9 0.6 0.
2 6B 1 1.2 1 2.
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1 2.16 2 0.590 2 0. 43
2 0. 44 1 2.0Pp 1 1.46
1 1. 4 2 1.37Y 2 0. 68
2 2.5 1 1.179 1 0. 72
1 2.69 2 0. 78 2 0. 48
2 1.78 1 1.6%90 1 q
1 0. 78 2 1.6606 2 1
2 1.1% 0. 8% 1.95%
1 1.0¢F 1 2.41 1.25%
2 1. 4 2 1.6%9p

1( ) 3(

1.

5
16.7m 6.9m
17.5m 6.8m
2 22 30
60 52

3.

5.13
5.14
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5-13

1&1 28 11 2&3 4 1

1&2 8 3 284 1 0

1&3 38 30 3&3 28 12

1&4 5 1 3&4 4 3

282 4 0 484 10 0

60
5.14
1. 280 | 794 | 222,320
2. 300 | 828 248,400
3. 1,200 46| 55,200
1. 500 | 1950 | 975,000
2. 550 | 812 | 446,600
250 | 1624 | 406,000
5938 1.6| 84,824
(13%) 307,193
2,670,214
( 30%) 801,064
3,471,278
130 60 70 3,471,278
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/ 49,589
1( ) 3(
)
1. 1
2. 60 80
22
5-15
5.16
5-15
1&1 28 20 2&3 4 4
1&2 8 5 284 1 0
1&3 38 32 3&3 28 26
184 5 3 3&4 4 5
282 4 2 4&4 10 6
103
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5.16 4
1. 280 0
2. 300 0
3. 1,200 2| 2,400
1. 500 0
2. 550 0
250 10| 2,500
5938 0
(13%) 757
6,581
( 30%) 1,974
8,555
130 103 27 8,555
316
5
15.5m
2.9m 15.5m
2.5m
3.
5.17
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5.18

5.17
0 28 0 2&3 4
10 8 10 284 1
9 38 9 3&3 28
7 5 7 3&4 4
2 4 2 48 4 10
46
5-18 4
1. 280 | 1,098 | 307,440
2. 300 | 1,256 | 376,800
3. 1,200 48 57,600
1. 500 | 1,950 | 975,000
2. 550 | 1,058 | 581,900
250 | 1200 | 300,000
(13%) 337,836
2,936,576
( 880,973
3,817,549
130 46 84 3,817,549
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/ 45,447
5.19
5.19
1. 1.
5 1
5 2
2. 5
60
80
3. 3.
22
130 130 130
60 103 46
70 27 84
) 3,471,278 8,555 3,817,549
/ 49,589 316 45,447
) 234,000
/
5.19 /
- ( B/C )
) 5.20
( X1) X2)
X3)
( X1) ( X2)
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B/C 2.91
B/C 1
B/C 9.46
5.20
(X1) (X2) (X3)| X2-X1 X3-X2
6,318,000/ 16,380,000/ 19,656,000| 10,062,000 3,276,000
8,555 3,471,278| 3,817,549| 3,462,723| 346,271
B/C 738.52 4.71 5.15 2.91 9.46
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6.1

0.992

79.9%
-1.96

16.4%
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0.765

22.1
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46

6.2

65%

62 1,593

(Curve Fitting)
(Overfitting)
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