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{ SUMMARY )

Purpose &
Contents

With the advancement of recent image processing technologies
numerous imaging applications have been developed to collect
traffic information. In this study, image processing
technology is applied to roadway safety to detect and
measure the conflict between traffic. By wusing an image
processing technique, traffic movements are detected and the
distance between these two are calculated to detect
conflicts between them. In this study, Machine Learning
techniques are wutilized to facilitate more accurate and
efficient detection. It is assumed that the intersection is
accident-prone if conflicts between traffic appear more
frequently than other intersections. Based on the conflict
data and signal information collected during field
exper iments, correlations between the two variables are
investigated.

Results

An image processing software has been developed to detect
vehicles in an intersection. Also, movements of vehicles can
be tracked using the software so that conflicts between
vehicles can be calculated. In this research efforts, a
method to identify correlations between traffic conflicts
and signal information has been proposed.

Expected
Contribution

This approach is expected to identify accident-prone
intersections  without actually experiencing crashes;
therefore, this would potentially reduce social costs
associated with traffic accidents.

Keywords

Traffic Traffic Image Traffic Traffic
Safety Accident Processing Signal Conflict
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aaaaaa

[O28 10] SN X| &E
(surrogate safety measure) AHE Of A
(Nicolars Saunier, 2012)

muﬂ'.icl
area-

------

[O8 1] WSt X &
(surrogate safety measure) 2FE O A
(Nicolars Saunier, 2012)
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(38 12] nsS A X &

(surrogate safety measure) AFE Of A
(Nicolars Saunier, 2012)

[28 13] YAaxe|E e AFZFHA 24| (Tarek Sayed, 2008)
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H1d, 2 28 0F
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dH 30
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()24 At

G 9| 384(2005)= AMRATH HAZX I MSEAMS P
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Ct.

[28 19] M&ollM Xtz wet
(BHFA 2 - 2005)
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[O8 22] Edge A< tA (E. Atkociunas, 2005)

Frame nd=hbo! ki

Chje] sEmEer

[Z28 23] =xel F7[(HY)Hetol| e XF S & LY

(E. Atkociunas, 2005)
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(E. Atkociunas, 2005
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[28 25] Ao A7[(HH)Hstol| e AF %
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:

M
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(E. Atkociunas, 2005)

Yegor Malinovskiy 2| 22(2008)= HAtx|z
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[18 26] A8 &

(28 27] AF

TEE ¢st Jhat EotE = M X|(Brooklyn AVE)

(Yegor Malinovskiy, 2008)

4 7= st Jtat "ctE = M X[ (Brooklyn AVE)

=

(Yegor Malinovskiy, 2008)
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(a3 28] MY =td &S 25t 7H4ak 2lctE = A X[(Brooklyn AVE)
(Yegor Malinovskiy, 2008)

[O8 29] ctefst &effel wst off (Yegor Malinovskiy, 2008)
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[22 30] ctekst Sefo]l mst of (Yegor Malinovskiy, 2008)

(38 31] cherst gefel met o
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= 3 Wl alE

a5, HHAnE SHARLI
Lo |mAe res waynws aie
" lmag L.;-ﬂ"""..!:]iﬁ}g_,

A2 X, AI2S B - AE FRARE F
_|ens 4%, guns = axs 9
oA mAn, asasw, 2902 2
a e, Wap NEs FATE, AA,

U ElAld f5,. U-turn F5
B Ns g, AEF7, WAS, VA
= Al
zz | ¢4
7] | A DA 7FA, v A7), FEER o] &
B} | (4, 7). 29, &, E2=, 7D

[O8 33] ME H XE(|}SS, 2006)

Z4EA 2 3W(2007)2 WAE WHAAMe zts|™M XtZo| 2Xt =M 2|
Mg 2} FHS siches AS 7S 2 st O gk zhs| ™ AbSof zhsh of
£ st

A g1 @2 03 G4 @5 Cycle

(phase) k v * w % -

A 7H(time) 31(4) 18(4) 35(4) 46(4) 40(4) 310+
[O8 34] EMOjAX|Y dHA|2HAE(Z SR, 2007)

x, =0.056(y—18.24)" — 1.63 , = 0.0636(y—18.24)" — 4.63
DICPL: 7.14 ELCPL: 42.95 DICPX: 7.93 ELCPY5: 42.08
DICP22: 13.07 E2CP22: 37.83 DICPX: 14.48 E2CPXG: 36.27
DICPR: 18.17 E3CP23: 33.72 DICPYT: 20.03 BT 31.60
DICP24: 22,49 FACPM: 30.61 DICPS: 24,67 BICPS: 28.07
, =0.048(y—18.24)* = 4.63 z, =0.0637(y—18.24)° - 4.63
RCPY: 13.18 E1CPY): 3TA1 INCP33: 14.41 EICP3: 36.31
D2CP30: 18.49 E2CP30: 3332 DRCP3M: 20,17 E2CP3: 31.40
D2CP3L: 23.13 E3CE3L: 30.00 RCPS 25.13 E3CP35: 27.45
DCP32: 27.14 ELCP32: 27.14 DRCPG: 29.36 FLCP3G: 24.48
[18 35] Westbound =
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33.52

40.33
28.13
24.16

BCP):
BCPL):
BCPLL:
BCPL2:

6

9.16
16.62

27.76

0.0792(x —20.47)* = 7.63

UH

ACP):
0

ACP):
ACP12:

6
6

.J

41.88
3.5

30

26.89

3

HH A 2} Conflict Point7tX|e] HE|

, 2007)

BCPs:
BCH:
BCPT.

BCPS:

15.66
21.49

8.67
26.24

ACP:
ACH:

y, = 00734 (2 —20.47)* —4.63

ACPT:

ACPS:

/

42.77
371

32.75
29.49

BCP3:
BCPY:

BCP2:

LePL:

.85

8}

14.08

19.41

23

(27 37] ¢

0.065 (2 —20.47)° = 1.63

[18 36] Westbound

.ul
Southbound

Westbound
left=turn

left=turn

ACP3:

ACP2!
ACPL:

1T 1 of T T ™ R0 or o] o
! 3 —_ _I_I o J— T re)
un Ko K - Ko o B = g X 8% °
le) <0 _l|_ 3 — — own KO _A_.._ S o
o = & o o go KOOKH S oom
0 o Ul Ko T N I
=} EN- H ol & 10
of o H M 3 el ol BIOE op
B3 — u ol . o 1|
—_ ”Dl_ ™ ||_ - __On_ OO L_n_ __A_.O - __A_.O .
o __A__| ml _._._ _Aﬁ On_ I_I__I —_ —_ 7ﬂ Iro o
R v R - B =
- o = - i —_
w & Mg o B0 g Wt By
= Somowm Ml gy s Bk
oz frood T < E g o T 2o
L S
Mo I_A_l hnl_ ﬂﬂ .__L < =___._._ ME o_ mﬁ_u o__._._ _|_._ m_._
S I T TS R T A
I -k g B DK i
= = - X K H - K
o Ko ou o0 T of
g X o O % -~ M3 - % wE
N _ S X K K oW T %u 1o
of M <k Y Kogo M o thoofo
oA ol uﬂ b = 20 ﬁ 00 ml © ©°
<ot oo W w T Hog oy
= = = = [ ol 3 N A I
5 = ) o N U Yoq T
2= ® gs M 8 mom o g
 d 5 H o 5 K g =N K0
= W T2 —m X w0 0
m oo M0 g K o B0 W
S R - KT o0 ol
o N _ — _ —e I_IE
o U Y oo o_ﬁ_ BOSoKowm oo
N 2 u_%_. s - XD um. B R H D
3 © ® < T ® ®ow Y o w8
s o or N ol N F Wl T o

o
o
o

_35_



INTERSECTION TRAFFIC CONFLICTS L)
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[ 46] wxt2 o AX| A2 HA  (Tarek Sayed, 2006)

Tarek Sayed 2| 12(2007)2 H|C|2 H|O|E{E o|&%t E&2 °HM 9o XIZ3lof
L=

sl AT AECI0IE 7} 7130l SHA Yol B & Ucks Kol &
ol BICI2 MAME AIS3I0f T2 oINS RER 2ASH: WHe Jwst
=
=

-

[28 47] Markov2 2 1} K-meansE A28t 28{AH = £&
(Tarek Sayed, 2007)
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Sequence of frames (images)

1
Vehicle
Detection and
Tracking

Reconstituted vehicle trajectories

1]
Conflicting
Trajectories
Analysis

Detected traffic conflicts (or
sequences containing them)

[O8 48] &5 AX = 2ty

(Tarek Sayed, 2007)



Tarek Sayed 2| 28 (2012)2 Als WS &

Ho| otMM H™IIE AAISHFECE “AOIE Y’ o|2tl Il ZHEE
ok 707 HUXAF|= MER E=2 ClAII2Z | 0| & H|E2 7|8t At=s3t AHF
ZZOYE 0|2s5l0d EMSIUCE. TICE 0|25101 MAF vIEe =& &y

J|EAL 2} vl WSt CH=SIP 20|, ALS SI 4l Al AlZE

S0t Z2E2 HHEHIT

Create Prolotypes

Track Features
on subsel of data

Cluster Faatures
I
Group Prolotypes

Track Obfects

Track Fealures
on enlire data $e1

Group Fealures

Generate Events

Assign Objects
to Protetypes
I

Evaluated Dbject
Inboractlons

dondify Interacilc
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Calibration Grid
Grid displayed in Camera Image Grid displayed in World Image

Duncan
{Rear-End After)

Warren
{Merging Before)

Green
(Rear-End After)

(a2 50] AX e MA(Calibration Grid 2HAl)(Tarek Sayed, 2012)
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MAHA (Tarek Sayed, 2012)
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Automatically vs Manually Measured Speeds
{with 45" line showmn)
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[O& 59] Xt & =5 & M| AatatA (Nicolas Saunier, 2012)
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Direction of Travel Distributions
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Type A - Rear-End Converging Type C - Diagonal Converging

(328 61] xt&F &&2 Yo

(Nicolas Saunier, 2012)
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[28 62] dlolgf =& 2 24 1A (Nicolas Saunier, 2012)
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(a) Traiming video sample. resolution of S00x600 (b} Testing video sample. resolution of 1 280x960

A= < Ny
r%; |

Figure 2. Sample of extracted road user images used for tramning and resting

[22 63] Machine Learning2 €It o|o|X| ¢lAl MZ (Nicolas Saunier,2015)
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w main.cpp* - Microsoft Visual Studio e &
oeE HEE 22V =Z=IEE OMI0) S EF0 HAEE =280 W ESEH)
A

©-0|B-UMP|2-C-|per-0- | )8 Fan L

e |

#include <iostream>
#include <cv.h>
#include <highaui.h>
#include “fstream>

#include "packase bos/PBAS/P|xe|BasedAdaptiveSeamenter h"
#include "package_trackina/BlohTracking.h"
#include "package analysis/getPosition.h"

int mainCint arge, char **argy)

/% Open video file =/

CuCapture *capture = 0;

capture = cvaptureFromdy| (" Avidea.mpd") ;

if (lcapture){
stdiicerr << "Cannot open video!" =< std:iendl;
return 15

i

/x Background Subtract fon &lgorithm =/
IBGS *bas:

bas = new PixelBasedhdaptiveSeamenter;
/x Blob Tracking Algorithm =/

cviiMat img_klob;

BlobTracking= blebTracking = new BlobTracking;

/x Nehicle Counting Algorithm =/
getPosition* vehiclePosition = new getPosition:

stdicout << "Press: 'a' to quit..." << stdilendl)
int key = 0;

IplImage *frame;

[ 74] 7hd AR 220/ A5 oA

o XtFo| EMste, Xdst= weko| M2 ofE o F Xt

3

U
FAtO[2] HE|TF LHAHE| 0|5t T2 AE &E522 =45t
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