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TERUT BOONPHOKA:ENHANCEMENT OF COLLISION WARNING
SYSTEMS FOR V2V COMMUNICATIONS BASED GPS DIRECTION
DETECTION.THESIS ADVISOR: ASSOC. PROF. PEERAPONG

UTHANSAKUL, Ph.D., 75PP.

V2V/IEEE 802.11P/COLLISION WARNING

At present, the consumption of vehicles is increasing rapidly. The risk of road
accidents is unavoidable problems. Thereare many studies that these accidents cause
the damage to life, property as well as a traffic jam.From such problems, the
Intelligent Transportation Systems (ITS)can help to reduceproblems on road. ITS is a
system combining many technologies in various fieldincluding electronic, computer
and telecommunications into vehicles.ITScan be installed on the vehicle, personal
device, control center or mounted at the side of the road. As a result, the
communication between vehiclescan be usedto enhance the great traffic mobility and
safety.

In literatures, the variety of collision warning systems was presented.
Although there are many applications to prevent an accident, but the results of force
majeure still make a chance to cause an accident. So this research presents a method
for enhancing collision warning system using the GPS technology to detect the
direction of dangerous point caused by accidents which force majeure. The distance
and duration remaining before the extent of the dangerous area are investigated. From
experiments, the accuracy of direction detection using GPS is very high. It is 99%

correction from 1000



sampling data. This research intendstohelp drivers to make a better decisionwhen they

receive a warning message.
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ITS = F2UVVUAIINTE (Intelligent Transport Systems)

NECTEC = audina TuTatdiannsetinduazaouiuneSuHamA(National
Electronics and Computer Technology Center)

VANET = i3 88T 0T TIUAMINZAY (Vehicular Ad hoe Network)

A = ma?{amiizwﬁnmuwmuzﬁuTmaa%’nﬁ:}ugm (Vehicle to
Infrastructure communications)

\PAY = ﬂ'li’?f@ﬁTiig‘Vi’jNEJ'IHW'IW‘L!ng“]JEl'Iu‘W'qug (Vehicle to Vehicle
Communications)

OBU = On Board Units

RSU = Road Side Units

AU = Application Units

LED = laToaulaauers (Light Emitting Diode)

DSRC = bl z‘U‘UT?'T passzezlng (Dedicated Short Range Communications)

GPS = FLUUMUUAM I UILY Tan (Global Positioning System)

NCGIA = National Center for Geographic Information and Analysis

PVD = Probe Vehicle Data

IEEE = aoniuInawirans i uazidnnsetind (Institute of Electrical

and Electronics Engineers)

USDOT = United States Department of Transportation
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Code matlab for experimentation.

clearall;clc;
xv=input('xv ="); % moving vehicle
yv=input('yv =");
x=input(xm ="); % message
y=input('ym =');
v=input('velocity =");

rd_m=input('rd(m) =");

xva=sum(xv)/length(xv); % average GPS position that we got

yva=sum(yv)/length(yv);

xr=xva-xv(1); % for check theda

yr=yva-yv(1);

d1=((x-xv(1)).2+(y-yv(1))."2).A(1/2); % for check directions
d2=((x-xva). 2+(y-yva)."2).(1/2);

d0=d2-d1 % directional condition

1f d0<0 % check condition : backward or toward

ifxr==
ifyr>0
theda=90
else
theda=270

end
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else
ifyr==
ifxr>0
theda=0
else
theda=180
end

else

ifxr>0 % check quadrant(q) of degree

ifyr>0

theda=((atan(yr/xr)*180)/pi) %q]
else

theda=360-(atan(yr/xr)*180)/pi  %q4

end

else

ifyr>0

theda=180-(atan(yr/xr)*180)/pi  %q2
else

theda=180+(atan(yr/xr)*180)/pi ~ %q4
end

end

end

end
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xm=x-xv(1) % make xx to be new origin of new coordinates

ym=y-yv(1) % make yy to be new origin of new coordinates

% find new position in new coordinates

Xar ag=xm*cos(theda*pi/180)+ym*sin(theda*pi/180)

Yar_ag=-xm*sin(theda*pi/180)+ym*cos(theda*pi/180)

% ——— a2 _

% change angular coordinates to rectangular coordinate

Xar=Xar_ag*107551

Yar=Yar ag*110649

% — 1%’

Real distance=((Xar-(v*5/18))./2+(Yar)."2)."(1/2)

Real angle=abs(atan(Yar/(Xar-(v*5/18)))*180/pi)

ifatan(Yar/(Xar-(v*5/18)))>0

char('accident in left hand side")

else

char(‘accident in right hand side')
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end

% - —_—

else
char(‘walk out from the obstack’)

end

% - —_—

% calculate the remaining Time

z2=(-2*Xar);

z3=(Xar"2+Yar"2)-rd m"2;

H=tf([z1 z2 z3],[1]);

ans=zero(H);

Pd=ans(2,1);

Tr=(Pd-(v*5/18))/(v*5/18) % Remaining time

% - —_—
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20 NU/BY. | 52EENN0NAT) | nawngueuasuaT1a(IuId) HUGM:A)
v A . AU AU oo .
AFIN 10959 | A , . 19939 | MU
(ANTLYLN) (ANNNA)

1 494 .44 491.85 80 79.7937 0.23 1.47
2 494 .44 490.83 80 79.5616 0.23 1.32
3 494 .44 489.94 80 79.1954 0.23 0.23
4 494 .44 489.06 80 79.3918 0.23 1.73
5 494 .44 490.18 80 79.3556 0.23 1.02
6 494 .44 489.46 80 79.1384 0.23 0.55
7 494 .44 491.31 80 80.1397 0.23 2.37
8 494 .44 487.27 80 78.8192 0.23 0.97
9 494 .44 487.76 80 78.8640 0.23 0.76
10 494 .44 489.38 80 79.5140 0.23 1.93
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40 DU/YY. | szezn(ues) | naudigueuasuasie(uii) HUGM:A)

v A . AU AU N

AsIN 10959 | A , . 19939 | AU

(ANTLYLN) (ANNNA)

1 488.89 483.98 39.5000 39.1276 0.234 1.094
2 488.89 482.36 39.5000 38.9188 0.234 0.341
3 488.89 484.26 39.5000 39.0857 0.234 0.196
4 488.89 485.02 39.5000 39.1664 0.234 0.508
5 488.89 483.34 39.5000 39.0588 0.234 1.004
6 488.89 485.19 39.5000 39.2552 0.234 1.226
7 488.89 485.19 39.5000 39.2552 0.234 1.226
8 488.89 486.33 39.5000 39.2765 0.234 0.335
9 488.89 483.74 39.5000 39.0503 0.234 0.482
10 488.89 483.58 39.5000 39.0970 0.234 1.136
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60 NU/BY. | 52EZNN(NAT) | nawiguenwasuasw(Iui) HUGM:A)

v A . AU AU N

AsIN 10959 | A , . 19939 | AU

(ANTLYLN) (ANNNA)

1 483.33 484.13 26.0000 26.0611 0.237 0.595
2 483.33 479.27 26.0000 25.7632 0.237 0.436
3 483.33 479.75 26.0000 25.8304 0.237 1.021
4 483.33 482.07 26.0000 25.9588 0.237 0.950
5 483.33 479.21 26.0000 25.7726 0.237 0.726
6 483.33 482.12 26.0000 25.9656 0.237 1.000
7 483.33 482.52 26.0000 25.9521 0.237 0.143
8 483.33 485.32 26.0000 26.1487 0.237 0.873
9 483.33 484.44 26.0000 26.0694 0.237 0.283
10 483.33 479.17 26.0000 26.3909 0.237 0.914
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80 MUL/BN. | zEgNN(NAT) | nawiguonasuasw(Iui) HUGM:A)

v A . AU AU N

AsIN 10959 | A , . 19939 | AU

(ANTLYLN) (ANNNA)

1 477.78 476.02 19.2500 19.1884 0.240 0.793
2 477.78 475.72 19.2500 19.1898 0.240 0.898
3 477.78 475.35 19.2500 19.3809 0.240 2.847
4 477.78 480.08 19.2500 19.3519 0.240 0.446
5 477.78 479.47 19.2500 19.3389 0.240 0.670
6 477.78 478.72 19.2500 19.2933 0.240 0.180
7 477.78 479.24 19.2500 19.3220 0.240 0.466
8 477.78 482.69 19.2500 19.4740 0.240 0.314
9 477.78 480.28 19.2500 19.3637 0.240 0.202
10 477.78 478.48 19.2500 19.2826 0.240 0.197
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100 NU/YY. | s2ezn(uas) | naudigueuasuase(uii) HUGM:A)

v A . AU AU N

AsIN 10959 | A , . 19939 | AU

(ANTLYLN) (ANNNA)

1 472.22 476.12 15.2000 15.3389 0.243 0.209
2 472.22 474.18 15.2000 15.2830 0.243 0.756
3 472.22 475.97 15.2000 15.3909 0.243 0.520
4 472.22 474.00 15.2000 15.2604 0.243 0.063
5 472.22 475.83 15.2000 15.3311 0.243 0.237
6 472.22 475.75 15.2000 15.3389 0.243 0.725
7 472.22 473.22 15.2000 15.2434 0.243 0.584
8 472.22 473.83 15.2000 15.2581 0.243 0.036
9 472.22 479.31 15.2000 15.4560 0.243 0.195
10 472.22 479.38 15.2000 15.4578 0.243 0.081




madasunilasszezving

58

100 AT | FLELTHI (IUAT) naNguo A UAT1B(IUN) HUGM:A)
A . AU AU N

AN | 9959 | Muaw , . 19939 | AU

(ANTLYLN) (ANNNA)

1 88.33 95.47 1.9994 2.7343 1.374 2.814
2 88.33 90.68 1.9994 2.4433 1.374 1.948
3 88.33 91.11 1.9994 2.4688 1.374 1.883
4 88.33 91.31 1.9994 2.4789 1.374 0.906
5 88.33 90.34 1.9994 2.4209 1.374 0.774
6 88.33 89.10 1.9994 2.3459 1.374 0.211
7 88.33 89.30 1.9994 2.3584 1.374 0.460
8 88.33 88.52 1.9994 2.3119 1.374 1.107
9 88.33 88.37 1.9994 2.3030 1.374 1.166
10 88.33 90.15 1.9994 2.4097 1.374 0.841
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200 UAT | FTELHIN (WAT) naNguo A UAT1B(IUIN) HUGMA)

A . AU AU oo .

AN | 1959 | M , . 19939 | I

(ANTLYLN) (ANNNA)

1 183.33 189.05 7.9982 8.3514 0.625 1.311
2 183.33 188.60 7.9982 8.3212 0.625 1.039
3 183.33 187.49 7.9982 8.2521 0.625 0.787
4 183.33 189.72 7.9982 8.3877 0.625 0.995
5 183.33 189.55 7.9982 8.3835 0.625 1.455
6 183.33 186.96 7.9982 8.2311 0.625 1.709
7 183.33 185.87 7.9982 8.1521 0.625 0.066
8 183.33 188.88 7.9982 8.3328 0.625 0.097
9 183.33 186.97 7.9982 8.2192 0.625 0.501
10 183.33 188.48 7.9982 8.3103 0.625 0.582
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300 1WAT | FTELHIE (1IUAT) naNguo A UAT1B(IUIN) HUGMA)
A . AU AU N

AN | 1959 | M , . 1959 | AU

(ANTLYLN) (ANNNA)

1 283.33 288.32 13.9970 14.2990 0.404 0.044
2 283.33 287.54 13.9970 14.2524 0.404 0.144
3 283.33 288.65 13.9970 14.3194 0.404 0.191
4 283.33 286.65 13.9970 14.2010 0.404 0.423
5 283.33 288.15 13.9970 14.2955 0.404 0.708
6 283.33 286.08 13.9970 14.1659 0.404 0.293
7 283.33 284.78 13.9970 14.0873 0.404 0.222
8 283.33 279.82 13.9970 13.7893 0.404 0.116
9 283.33 284.84 13.9970 14.0905 0.404 0.168
10 283.33 285.91 13.9970 14.1563 0.404 0.368
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400 UAT | FTELHIN (UAT) naNguo A UAT1B(IUIN) HUGMA)

A . AU AU N

AN | 1959 | M , . 1959 | AU

(ANTLYLN) (ANNNA)

1 383.33 384.63 19.9958 20.0962 0.299 0.879
2 383.33 385.74 19.9958 20.1484 0.299 0.408
3 383.33 385.63 19.9958 20.1839 0.299 1.385
4 383.33 384.80 19.9958 20.0940 0.299 0.504
5 383.33 385.95 19.9958 20.1572 0.299 0.094
6 383.33 385.94 19.9958 20.1618 0.299 0.466
7 383.33 384.52 19.9958 20.0712 0.299 0.055
8 383.33 385.70 19.9958 20.1430 0.299 0.211
9 383.33 384.48 19.9958 20.0690 0.299 0.060
10 383.33 387.65 19.9958 20.2648 0.299 0.496
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500 1UA3 | FTELHiIe (1IUAT) naNguo A UAT1B(IUIN) HUGMA)
A . AU AU N

AN | 1959 | M , . 1959 | AU

(ANTLYLN) (ANNNA)

1 483.33 484.75 25.9946 26.0937 0.237 0.480
2 483.33 486.66 25.9946 26.2103 0.237 0.528
3 483.33 487.30 25.9946 26.2486 0.237 0.524
4 483.33 480.84 25.9946 25.8678 0.237 0.674
5 483.33 480.26 25.9946 25.8401 0.237 0.806
6 483.33 483.93 25.9946 26.0360 0.237 0.101
7 483.33 484.01 25.9946 26.0441 0.237 0.312
8 483.33 480.96 25.9946 25.8590 0.237 0.173
9 483.33 481.53 25.9946 25.8934 0.237 0.218
10 483.33 482.70 25.9946 25.9641 0.237 0.220
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0 941 FLILHI (1NAT) naNguo A UAT1B(IUN) HUGMA)
A . AU AU N

AN | 1959 | A , . 1959 | AU

(ANTLYLN) (ANNNA)

1 483.33 484.75 25.9946 26.0937 0.237 0.480
2 483.33 486.66 25.9946 26.2103 0.237 0.528
3 483.33 487.30 25.9946 26.2486 0.237 0.524
4 483.33 480.84 25.9946 25.8678 0.237 0.674
5 483.33 480.26 25.9946 25.8401 0.237 0.806
6 483.33 483.93 25.9946 26.0360 0.237 0.101
7 483.33 484.01 25.9946 26.0441 0.237 0.312
8 483.33 480.96 25.9946 25.8590 0.237 0.173
9 483.33 481.53 25.9946 25.8934 0.237 0.218
10 483.33 482.70 25.9946 25.9641 0.237 0.220
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2 9471 FLILHI (1NAT) naNguo A UAT1B(IUIN) YN(037)
A . AU AU N

AN | 1959 | M , . 1959 | AU

(ANTLYLN) (ANNNA)

1 483.68 486.21 26.1836 26.4918 2.187 2.777
2 483.68 488.11 26.1836 26.6185 2.187 2.816
3 483.68 488.78 26.1836 26.6583 2.187 2.809
4 483.68 482.29 26.1836 26.3054 2.187 2.989
5 483.68 481.71 26.1836 26.3067 2.187 3.125
6 483.68 485.35 26.1836 26.3548 2.187 2.402
7 483.68 485.39 26.1836 26.2814 2.187 1.989
8 483.68 482.32 26.1836 26.1209 2.187 2.143
9 483.68 482.86 26.1836 26.1457 2.187 2.096
10 483.68 484.06 26.1836 26.3025 2.187 2.528




65

4 997N FLILHI (1NAT) naNguo A UAT1B(IUIN) YN(037)
A . AU AU N

AN | 1959 | M , . 1959 | AU

(ANTLYLN) (ANNNA)

1 484.59 486.62 26.8473 27.6099 4.132 5.139
2 484.59 488.50 26.8473 27.7675 4.132 5.169
3 484.59 489.22 26.8473 27.8077 4.132 5.159
4 484.59 482.70 26.8473 27.5503 4.132 5.371
5 484.59 482.13 26.8473 27.6593 4.132 5.509
6 484.59 485.72 26.8473 27.2735 4.132 4.769
7 484.59 485.73 26.8473 27.0348 4.132 4.356
8 484.59 482.63 26.8473 26.9232 4.132 4.525
9 484.59 483.16 26.8473 26.9302 4.132 4.475
10 484.59 484.37 26.8473 27.2722 4.132 4.902
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6 DA FLILHI (1NAT) naNguo A UAT1B(IUIN) YN(037)
A . AU AU N

AN | 1959 | M , . 1959 | AU

(ANTLYLN) (ANNNA)

1 486.16 485.81 - - 6.185 7.168
2 486.16 487.69 - - 6.185 7.191
3 486.16 488.43 - - 6.185 7.177
4 486.16 481.90 - - 6.185 7.417
5 486.16 481.33 3 - 6.185 7.557
6 486.16 484.89 3 - 6.185 6.802
7 486.16 484.87 - - 6.185 6.389
8 486.16 481.75 . - 6.185 6.571
9 486.16 482.25 = - 6.185 6.519
10 486.16 483.48 = - 6.185 6.940
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803N | Tozv (WAT) | nawNguouasuATIB(IUIT) YN(D37)
A T AU AU A .

AN | 39939 | MU , . S[ER AU

(ANTLYLN) (ANNNA)

1 488.35 | 489.03 - - 8.222 9.067
2 488.35 | 490.89 - - 8.222 9.083
3 488.35 | 491.66 - - 8.222 9.066
4 488.35 | 485.13 - - 8.222 9.331
5 488.35 | 484.57 - - 8.222 9.474
6 488.35 | 488.08 - - 8.222 8.705
7 488.35 | 488.04 X - 8.222 8.293
8 488.35 | 484.90 - - 8.222 8.487
9 488.35 | 485.39 - - 8.222 8.434
10 488.35 | 486.62 1 - 8.222 8.850
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Abstract—Mobile communication technology has been
developed rapidly and extensively. For 5G technology, various
applications used by one device have been integrated largely into
the same appreach. Vehicle-to-Vehicle (V2V) communication is
one candidate technology which is developed along with other 5G
techniques. Applications for the vehicle communication
requirethe high accuracy, such as safety warning. In this
paper,the improvement of time remaining before getting in the
dangerous area is proposed by using theGPS detection of moving
direction. This GPS technology has been already registered in SG
technology in which all devices have to include it inside the
hardware platform. The simulation results show that the
remaining time in various situations is improved. This method
expects to decrease road accident and traffic jam in urban.

Keywords—Vehicle Communication; Direction detection;

remaining time; V2V Communication; ITS
L INTRODUCTION

Intelligent Transportation System (ITS) is the advanced
application which aims to provide the inmovative services
relating to different modes of transportation and traffic
management and enable various users to be better informed
and make safermore than the old transportation systems.
Nowadays, many countries have utilized this technology into a
practical implementation. Various forms of wireless
communications applications have been proposed for
mtelligent transportation systems, such asautomatic road
enforcement, variable speed limit, dynamic traffic light
sequence and cooperative systems on the road [1]-[3]. ITS
becomes intelligent by embedding them with microchips and
sensors and empowering them to communicate with each
other through wireless communication technologies. ITS
brings significant improvement in transportation system
performance, including reduced congestion and increased
safety from the accidental. This technology can be classified
into two major group of communication including Vehicle-to-
Vehicle communication and Vehicle-to-Infrastructure (V2I).
Both are dedicated short-range communications (DSRC)
devices. DSRC works in 5.9 GHz band with bandwidth of
75 MHz and approximate range of 1000 m [4].

The wvehicle-to-vehicle (V2V) communications is the
dynamic wireless exchange of data among neighbor vehicles
that offers the opportunity for significant safety
improvements, vehicle-based data regarding position, speed,

and location.In April 2014 it was reported that U.S. regulators
were close to approving V2V standards for the U.S. market,
and that officials were planning for the technology to become
mandatory by 2017[5]. With this evidence, the integration of
V2V and other 5G technique is considered.

The V2V communication systems maybe communicate by
the signal of its own V2V antenna and by the signal from V2V
antennas of the neighboring vehicles, shown in Fig. 1. The
parameters of the IEEE 802.11p WAVE standard which define
V2V communications are shown in Table I. [6]

Fig. 11llustration of V2V communication model.

TABLE L PARAMETERS OF 802.11p WAVE STANDARD [6]
Table Head Value

Bit rate 3-27 Mbps

Range < 1000 m
Transmitted Power 2W EIRP
Bandwidth 20 MHz
Spectrum 30 MHz
Frequency 5.86-5.92 GHz

From Table I, if we can improve bit rate and range of V2V
communication system, the application used in V2V
communication system will become a higher quality too.

The 5! Generation mobile communication technology
(5G) isthe next major phase of mobile telecommunications
standards beyond the current 4G/IMT-Advanced standards.
The 5G standard leads to the consequence that its relevant
technological innovation is still widely open, for identifying
innovations opportunity. On 12 May 2013, Samsung
Electronics stated that they have developed the world's first
5G system. The core technology has a maximum speed of tens
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of Gbps (gigabits per second). In testing, the transfer speeds
for the 5G network sent data at 1.056 Gbps to a distance of up
to 2 kilometers, with the use of an 8x8 MIMO [7]. If we apply
the vehicle communications work together with 5G wireless
network, various applications for vehicle communications will
be increase in high performance, Such as a safety applications
for vehicle communication.

For road accidents, they can be unpredictable at all, such as
blow out situation, accident from driver sleep without closing
eyes. Hence, the warning applications have to be functioned
for V2V. Whether the accident or traffic jam situation, the
warning message aims to inform other vehicle about the
location of problems by taking advantage of GPS which is
existing in 5G communication. After that, we can know the
direction of the moving vehicle from direction detection
method. Then, we assume the problem positions from warning
message has boundary, dangerous area. Finally, the remaining
time before getting in the dangerous area can be estimate.

The proposed method of direction detection is described in
section II. The simulation of estimating the remaining time
before getting in the dangerous area is shown in section IIL
Then, we conclude this paper in Section I'V.

1. PROPOSED METHOD

A Direction detection

First position when receiving

o
the waming messpges %',,

5
‘d’ Li=@ )

Real position of vehicle after

detecting accident point

/ .

Position of accident in

% dangerous area

e

Fig 2 Illustration of the accident model.

The vehicle receives the warning message from accidental
vehicle via V2V communication for either one or multiple
hops were shown in fig.2. Anywise, the vehicle is always
moving while receiving the warning message. Then, the
position when receiving message is not the same position
when processing the data. Hence, we collect more than one
point to use in method. By using GPS benefits, the vehicle
realizes the location of the accidental vehicle as well as itself
(P, = (x;, ¥;)). This paper utilizes these GPS locations to find
the moving direction of the moving vehicle related to the
accident point (Pyeigent = (%, ¥)). Firstly, the GPS positions
of the vehicle is average by

Zx L¥i)
Pvn = (Tx'l_y) - (wi yvzt) (1)

Then, the distances between accidental point and moving
vehicle are calculated in (2) and (3).

dr =/ = x)* + (o — ¥)? @
dn = (xun - I)Z + (yvn - y)z (3)

From (2) and (3). df is the distance between accidental
point and first position receiving warmning message, d,, is the
distance between accidental point and the averaged positions
of the moving vehicle. If d;<d,, it means that the vehicle
move backward to the accident area. In tum, if df>d,, it
means that the vehicle move forward from the accident
area. The calculated of distance as in (2) and (3). Then, we
show the sample situation of toward and backward direction in
Fig.3.

¥
The moving vehicle towhrd to the [\{

aceident point

e moving vehicle backward

to the accident point

% &=Position of accident in dangerous area

Fig.3 The direction of moving vehicle.

B. Estimation of the moving direction

By relocating P, to the origin point, all positions are
related to the accidental point. The new coordinates are shown
by

Pvc’lucly,new = (Xp1 — Xp1, Y01 — Yo1) = (0,0) @
Paccidenr,ngw =P = (I — Xy, ¥ — yvl) )

After that, we find the moving direction 8 by

0= |tan'1 (A—y)| = |tan‘1 [—(y”“_y“)

Ae (pa=2y1)

©




Then, we check @ by this condition.

I Ax € R*,AyER*;0< 6 <90°
6, =6
Elseif Ax € R-,Ay € R*;90° < 6 < 180"

6, =180" -6

Elseif Ax € R™,Ay€R™:180° <8 < 270°

6, =180"+6

Else  Ax € R*,Ay€R™; 270° < 0 < 360°
8, =360"— @

From the rotation equation of axis is shown in Fig4.

Fig. 4 The rotation of axis.

We use this knowledge to move the position of accident
point [8], [9].

x=x"cosf — y'sinf (7
y=x'sind +y'cost (8)
x" =xcosf + ysinf (9)
y' = —xsinf + ycosf (10)

Hence, we can find P,,in new coordinate and change name
to be P, = (x4, Yo )(Position of accident after rotate the
axis)

Xy = Xy, €080, + y,, Sind, (11)

Var = —Xgn SN 6, + y,, €OSO, (12)

Finally, all positions after relocating the axis are shown in
Fig.5.

Next the real distance and real angle between the moving
vehicle and accident point can be estimated by taking into
account of time, velocity (v) and number of positions (i)
(assumen,, = 3, GPS generate positions in every 1 second and
v=velocity (km/hr)). The estimated real distance (d,) and the
estimated real angle can be expressed in (15) and (16).

¥

Position of accident in dangerous area :;%
b /

dy~

A~ 2

First position when receiving

the warning messages

FUTT) 5 5

Real position of vehicle after

detecting accident point

Fig.5 All positions after relocating the axis.

dy = /(% )? + Gar)? 13

6, = |tan-1 (j—) (14
d; = J(xar = (L:;LS))Z + (Var)? (15)
¢, = |tan™* (ﬁs_—ﬂ (16)

Equation(13) and (14) is the estimation of distance and
angle between the directions of moving vehicle with the
accident point at the first time receiving warning message. In
this paper, we assume that GPS generates the locations in the
worst case, the low cost GPS generates the locations in every 1
second and the obtained numbers of positions for proposed
method are 3 points. If we use a faster frequency and a larger
number of positions, then the emor of difference distance and
angle between estimated and real value will be decreased [10].

III.  SIMULATION AND RESULTS OF REMAINING
TIME ESTIMAION

By using benefits of direction detection method, the
remaining time (t,) can be estimatedfrom the moving
direction of the vehicle related to the incident area. Then, we
can calculate t,. from the locations of them in (17) — (26)

b

Distance betweenacciden poiot and moving vehicle —500m
Dangerous area (radins = 100 m)

i Lt

Real position of moving vehizle @

Fig 6 Illustration of dangerous area and real position of moving vehicle.
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From circle equation at dangerous area
(= xg)* + (= ¥or)® =77 a7

And direction of the moving vehicle is
y=mx+c (18)

The direction of vehicle is moving on x axis; m = 0,¢c =0

Soy =0
Usey=0in(17)
(x = xar)z o yg:r = 7; (19)
X% — R A A Y=y (20)
x2— 2,2+ [xG + yi —7d] =0 (1)
From ax’*+bx+c=0 (22)
_ —b*Vb*—4ac
x= 2a
2xqrt |2 =4 () (x5 +¥5r—15)
= 2.
Hence x 70 24)
If X, > X
X = Xy
Else X < X
X, =Xy
dy = x, ——* (25)
__ds
T wim/s) (26)

Tisrznce herwveen acdid=nt poinr and moving vehicle = $07m
Tangerons area (rading =100 m)

Real positipn cfmoving vekicle

Fig.7 All positions of dangerous area (radius = 100m) and real position of
moving vehicle.

TABLE IL REMAINING TIME VERSUS ANGLE OF DIRECTION (r,; = 100m)
0 T4 = 100 m, velocity = 60km /hr
ty Par
0° 24 (550,0)
5 24.4857 (548.1.43.58)
10° 26.5667 (542.4,86.82)
15° = (532.96,129.41)

First, we assume the situation of the accident and dangerous
area is 100 meters in Fig.7. The distance between accident
points and real position of moving vehicle is 500 meters. The
remaining time in different angle of direction are shown in
TABLE II.

v
4 Distance bevweer zecid e poinrand meving vehicle = 500w

Hanerrons arca (radins = 150 m)

o
Real pasitien of moving vehicle

Fig 8 All positions of dangerous area (radius = 150m) and real position of
moving vehicle.

TABLE IIL REMAINING TIME VERSUS ANGLE OF DIRECTION (r; = 150m)
o ry = 150 m, velocity = 60km/hr
L. Par
o 21 (550,0)
5° 21.2742 (548.1,43.58)
10° 22.2048 (542.4,86.82)
152 24.4267 (532.96,129.41)

Then in Fig 8, we change radius of the dangerous area to be
150m, but other parameters are as same as in Fig.7. The
remaining time in different angle of direction are shown in
TABLE IIL

Distance between acddent point and movine vehicle =300m
Tmzeroms avea (radins = 100 )

“ o

Real pasifon of movingvehicle

Fig.9 The positions of dangerous area (radius = 100m, angle = 5 degree) and
real position of moving vehicle.

TABLE TV. REMAINING TIME VERSUS VELOCITY (r; = 100m)
velocity T Ty =100m @
30km/hr 51.9142 5°
60km/hr 24.4857 58
90km/hr 16.3228 52
120km/hr 10.7429 5°
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Fmally, we fix the angle of direction to the accident point
m 5°, the distance between accident points and real position of
moving vehicle is 500 meters, in Fig.9. But we calculate t,
with different velocity. The results of t,are shown in TABLE
V.

From all of simulations, the results in the same of radius
range inform high degree of the angle between the moving
vehicle and accident point which can get high ¢, too. In
different radius of dangerous area, 100 meters can get t, more
than 150 meters. It means that 100 meters has the remaining
time to decision more than 150 meters, but the result in 15° can
detect the dangerous area only from 150 meters. So if we want
to ensure the detection of dangerous area, we have to use high
degree. However, high opportunity of detection is changed by
increasing of t,. Finally, if we use lower of speed, then the
getting higher t, is obtained.

IV. CONCLUSIONS

At first, this paper proposed the novel method to estimate
the moving direction of the vehicle related to the accidental
point in urban area. Because the street in downtown has little is
curved paths. Hence, the moving direction enables us to limit
the scope to make a decision after getting the warning message
sent from the accident point. If we use a faster frequency and a
larger number of positions, then the error of difference distance
and angle between estimated and real value will be decreased.

Secondly, we have simulated the wvarious scenarios of
accident. The accident points have dangerous area which is
assumed that radiuses of dangerous area are 100 meters and
150 meter. From the result of all simulation the situation, high
degree of the angle between the moving vehicle and accident
point can get high t,. The 100 meters has remamimng tine to
decision more than 150 meters. Whereas, 15° can detect the
dangerous area only from 150 meters, high opportunity of
detection exchanged by increasing of t, . Finally, the low speed
of vehicle gets high t,. Hence, we have time of decision to
avoid moving to the dangerous area.Also, the known £, helps
driver to realize the remaining time to make a faster decisions
which this increases a traffic security. The actual experiments
of the proposed method are undertaking.

In V2V communication, the safety applications are
important issue to develop. This paper presents the proposed
method in safety application. However, the effectiveness of
equipment and network in V2V communication requires high
accuracy of GPS, high bit rate, wide range of communication.
If the proposed method works together with 5G technology, the
high utilization of network for safety approach in the future can
be obtained.
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